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Abstract

The recent outbreak of the Zika virus attracts worldwide
attention probably because the most recently affected
country (Brazil) will host the 2016 Olympic Game. Zika
virus infected cases are now spreading to many other
countries and its infection might be linked to some severe
medical sequelae. Since its first isolation from the infected
monkey in 1947 in Uganda, only a few studies had been
taken until recent outbreak. According to the history
of referenced publications, there is a 19-year gap from
1989 to 2007. This might be because only mild diseases
were diagnosed from Zika virus infected populations.
Obviously, the recent reports that Zika virus infection is
probably associated with microcephaly of the neonates
makes us reevaluate the medical significance of the viral
pathogen. It can be transmitted sexually or by mosquito
biting. Sexual transmission of the Zika virus distinguishes
it from other members of the Genus Flavivirus. Detailed
information of the Zika virus is needed through a thorough
investigation covering basic, epidemical, subclinical
and clinical studies. Here, we reviewed the published
information of Zika virus.

Key words: Zika virus; Flavivirus; Congenital infection;
Outbreak; Microcephaly

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Zika virus is gaining new ground with the
recent outbreaks that are starting to expand worldwide.
While normally transmitted by the mosquito, other
routes of transmission are being discovered. Also, other
medical complications are being detected with Zika virus
infections. These recent findings require the scientific
community to thoroughly examine Zika virus to better
understand it so that better diagnostic options, treatment,
and preventative measures can be developed. In order
to beat Zika virus, we must understand its history and
outbreak patterns as well as gain a full understanding of
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all clinical manifestations associated with this virus.

Armstrong N, Hou W, Tang Q. Biological and historical overview
of Zika virus. World J Virol 2017; 6(1): 1-8 Available from:
URL: http://www.wjgnet.com/2220-3249/full/v6/i1/1.htm DOI:
http://dx.doi.org/10.5501/wjv.v6.il.1

INTRODUCTION

The Zika virus, together with the West Nile virus,
Yellow fever virus, Japanese encephalitis virus, Dengue
fever virus, and many other classified and unclassified
viruses, forms the genus Flavivirus that belongs to family
Flaviviridae. The family Flaviviridae consists of many
other viruses that are summarized in a 2010 review!'..
This family of viruses have enveloped icosahedral capsid
that contains a single strand RNA genome (about 11000
nucleotides) with positive sense™. Therefore, the infected
viral RNA can be directly translated to a large polyprotein
precursor, which is co- and post-translationally processed
by viral and cellular proteases into structural and non-
structural proteins. The three structural proteins are
critical for the formation of envelop and capsid, and the
seven non-structural (NS) proteins play important roles
in virus replication. The three structural proteins are
envelope, E; membrane precursor, PrM; and capsid, C.
The seven NS proteins include NS1, NS2a, NS2b, NS3,
NS4a, NS4b, and NS5 (Figure 1). The names, location in
the infected cells, and functions of viral proteins are listed
in Table 1. The members of the genus Flavivirus are
characterized by similarities in genomic structure, viral
protein function, pathogenesis and transmission.

The large polyprotein precursor must be cleaved to
generate actively functional proteins. The cleavage of
the polyprotein precursor is a sophisticated process and
is completed collaboratively by cellular proteases of the
PACE (Paired basic Amino acid Cleaving Enzyme)-type
or other Golgi-localized proteases and the viral serine
protease embedded in the N-terminal domain of non-
structural protein 3 (NS3Pro), which requires NS2b for its
activity™l, A distinct feature of genus Flavivirus from other
genera of Flaviviridae is that the 5-end of the (+)ssRNA
genome of genus Flavivirus is decorated with an RNA
cap structure (N7meGpppA2’Ome-RNA). 5'end capping
of the viral RNA is as important as that for eukaryotic
mRNAs, not only to initiate the process of translation
but also to protect the viral RNA from degradation by
endogenous RNA exonucleases. The protein translation
happens immediately after the uncoating of viral particle
in the cytoplasm. The (+)ssRNA genome is used as
a template not only for gene expression but also for
viral genome replication. Both viral RNA replication
and gene translation occur in the cytoplasm. For RNA
replication, viral NS proteins and cellular proteins interact
to form a replication compartment (RC). During the
period of viral RNA replication in the cytoplasm, the RC
consists of morphologically distinct, membrane-bound
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compartments that also differ with respect to both
function and NS proteins composition™. The NS3 and
NS5 proteins are central to the viral RC, as together, they
harbor most, if not all, of the catalytic activities required
to both cap and replicate the viral RNA. Following
replication, the protected genomic RNA is packaged by
the C protein to form a capsid in a host-derived lipid
bilayer in which the E protein is embedded and later
integrated into viral envelope. The mature particles
subsequently exit from the host cell by exocytosis.

REGIONAL ISOLATION OF ZIKA VIRUS

The Zika virus is phylogenetically close to Spondweni
virus and a member of Flaviviridae family™. Comparative
genomic analysis revealed that coding regions of pre-
epidemic and epidemic strains of the Zika virus were
similar with the exception of the NS2B. Bootscan analysis
and multiple sequence alignment of the Asian lineage
suggested that there may be genetic recombination of a
fragment (nucleotides 4237-4528) of NS2B with that of

the Spondweni virus®™..

African countries

In 1947, a group of scientists from United Kingdom led
by Haddow et al*”! who were investigating yellow fever
isolated Zika virus from a rhesus macaque with fever
in the Zika Forest in Uganda'™”. The isolated viral strain
has been stored in ATCC (ATCC® VR84™, MR 766) and
the European Virus Archive (France) and is now still
used for studies. The next important step was to find
out whether the Zika virus is transmitted by mosquitos.
First, Boorman et af® demonstrated that Zika virus can
infect and replicate in mosquitos, providing experimental
evidence that Zika virus may be transmitted by mos-
quitos. Later, the United Kingdom Flavivirus research
group continued their studies of arboreal mosquitos
as virus vectors in Uganda. They isolated 12 strains of
Zika virus from Aedes (Stegomyia) africanus in the Zika
forest®™. Zika virus is apparently enzootic in Zika forest,
and the evidence collected by Hoddow et ai’ suggested
that Aedes africanus is the primary vector and that forest-
dwelling monkeys and human are, on occasion, involved.
It was not clear whether the mosquito transmitted
the virus to other animals because no small mammal
trapped in the forest showed serum antibody against
the Zika virus. The Zika virus infection in humans was
first reported in 1954™°, It has also been experimentally
demonstrated via volunteers that the Zika virus is able
to infect humans!*!l. In summary, results from these
investigations suggest that the Zika virus is an arbovirus,
transmitted by mosquitos and infects at least monkeys
and humans.

Southern Asian countries

The first isolation of Zika virus in South-Eastern Asia
was reported in 1969 in Malaysia™®. Some years later,
there was another report that the Zika virus was isolated
from patients in Indonesia'™®. The event occurred
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Translation and processing of the flavivirus polyprotein

Single stranded (+) sense RNA genome
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{

Precursor of the protein
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Mature proteins
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NS1 - | o
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Figure 1 Genomic structure and gene production of Flavivirus. AUG: Translation start codon; UAG: Translation stop codon; NCR: Non coding RNA sequence;
kb: Kilo base; Aa: Amino acid.

Table 1 Roles of viral protein and RNA during viral infection in permissive cells

Name of the vital material Location in cell Function

Viral genome + ssRNA (approximately 11000 nt)
Envelope, E (53 KDa)"™

Membrane precursor, PrM (20 KDa)"*”
Capsid, C (12 KDa)"™!

NS (glycoprotein)® (46-55 kDa)

Cytoplasm
Cell membrane

Template for protein translation and for viral genome replication
Viral assembly, budding, attachment to target cells, and viral membrane fusion
Cell membrane Facilitating E protein folding and trafficking, and virion maturation
Cytoplasm Virion maturation
Endoplasmic reticulum
vesicular compartments,

cell surface

Subverting immune response
virus-induced intracellular RNA
replication, neurovirulence

NS2a (25 kDa)™!
NS2b (14 kDa)™*
NS3 (69 kDa)!™

Transmembrane
Cytoplasm, nucleus
Cytoplasm, nucleus

Virus assembly, inhibit IFN-response
Viral protein cleavage
Viral protein cleavage, RNA
triphosphatase, mRNA capping,

RNA helicase
NS4a (16 kDa)"™ Transmembrane Viral RNA replication
NS4b (21.5 kDa)"*” Integral membrane Suppression of (IFN-a,/B),

NS5 (103 kDa)'““! Cytoplasm, nucleus

suppression of the host RNAi,
negatively regulate the helicase
function, viral replication
The RNA triphosphatase,
RNA-dependent RNA polymerase

during the end of the rainy season of 1977 when Aedes
aegypti usually flourishes. Seven patients in central
Java, Indonesia, appeared in the hospital with high fever,
malaise, stomach ache, dizziness and anorexia. Data on
these 7 Zika virus cases and several previously reported
human infections indicated that clinical characteristics
of infection with Zika virus appeared relatively mild,
self-limiting, and nonlethal. It was suspected that the
virus was transmitted by Aedes aegypti, which had
been reported to be a probable vector in Malaysia'*?. A
later investigation in Sabah, Malaysia, showed that the
Zika virus infected 60 semi-captive and 84 free-ranging
orangutans (Pongo pygmaeus pygmaeus)™*. Another
study conducted by the United States Naval Medical
Research Unit No. 2 (NAMRU-2) isolated Zika virus in
Cambodia in 2010™. This case was from a 3-year-old
boy who had 4 d of fever, sore throat and cough as well
a headache that lasted for 3 d. The studies conducted in
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southern Asia further confirmed that mosquitos are the
vector and the primates might be the end host of viral
infection.

The Zika virus has been also isolated from animals
and human in other African countries. For examples,
during the years 1964 to 1970, Moore et af'® isolated
171 arboviruses of 15 different types from humans in
Ibadan, Nigeria. Zika virus isolation rates also varied by
season, with peaks in rainy seasons (June to August)
and lows in dry seasons (January to February). Viruses
were isolated from all age groups, with the majority
from children one to four years old. The viruses isolated
in largest numbers were chikungunya and yellow fever,
which caused epidemics in 1969, and dengue types 1
and 2 and Tataguine, which are endemic in Ibadan. The
Zika virus was isolated at a low rate. In 1999, three
strains of the Zika virus were isolated as part of yellow
fever studies in the Ivory Coast™’!. In 2010, it was
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reported that the Zika virus was isolated at a high rate
in Cameroon. The research group investigated 102 sera
from febrile patients (with negative laboratory findings
for malaria and typhoid fever) at clinics in the Fako
Division of Cameroon. The Zika virus was isolated at a
rate of 11.4%, higher than that of any other members
of Genus Flavivirus''®., Therefore, following the time, the
Zika virus has been spread throughout Africa.

More and more Zika virus strains have been isolated
from humans worldwide™”.. Studies conducted in Nigeria
during 1971-1975 isolated the Zika virus from humans.
Serological experiments showed that 40% of the persons
tested had neutralizing antibody to the Zika virus™**",
The infected populations were detected in other African
countries such as Uganda, Tanzania, Egypt, Central
African Republic, Sierra Leone, and Gabon, and in parts
of Asia, including India, Malaysia, the Philippines, Thai-
land, Vietnam, and Indonesia™”. Table 2 lists the strains
that have been sequenced. The data from the viral
genomic analysis support the hypothesis that the Zika
viruses can be classified by origin into the Southern-
Eastern Asian type and African type (Table 2). Other
isolates might be derived from these types.

ZIKA VIRUS OUTBREAKS AND CLINICAL
COMPLICATIONS

The Zika virus has been considered as a benign pathogen,
causing asymptomatic or mild infections. Currently, there
is no serological test that can clearly distinguish the Zika
virus from other Flaviviruses. Diagnostic tests for Zika
include RT-PCR, an IgM ELISA, and a plaque reduction
neutralization test (PRNT). Some commercial tests have
only become recently available®®!. Even a report from
Olson et a™* in 1981 that a cluster of 7 people with
serologic evidence of the Zika virus illness in Indonesia
did not attract serious attention and was not considered
an outbreak due to the mildness of the associated illness.
Later on, the same arbovirus research group performed
a serological study that showed that 9/71 (13%) human
volunteers in Lombok, Indonesia, had neutralizing
antibodies to the Zika virus'*?. However, no serious cases
were reported. The first outbreak of Zika virus-caused
diseases was reported in 2007 on Yap Island of Micronesia.
In April 2007, physicians on Yap Island characterized
the disease with rash, conjunctivitis, arthralgia, arthritis,
and fever. The disease affected 99 patients in 2 mo. A
comprehensive study that combined analysis of patient
samples, serological testing and real-time RT-PCR revealed
the genetic and serological properties of the Zika virus
epidemic®!. The studies suggested that the 2007 Yap
Island Zika virus is distantly related to African subclades
and may be spread from Southeast Asia and the Pacific.
Duffy et ai*" later conducted an extensive study on the
Yap Island Zika virus outbreak. From 185 patients, 49
had been confirmed with the Zika virus illness, only 5
were excluded from Zika virus infection, and all others
were suspected of Zika virus infection. They used survey
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studies in a large population, and estimated that 73%
of the population of the Yap Island was infected with the
Zika virus during the epidemic outbreak. Therefore, the
outbreak on Yap Island in 2007 suggested that Zika virus
infection has been spread outside of Africa and Asia”. Of
course, whether or not the Zika virus was imported from
Africa or Asia or other places remains to be verified.

Another Zika outbreak occurred between Oct. 2013
and Feb. 2014 in French Polynesia - like Yap Island,
another island in the Pacific Ocean. In the very beginning
of the outbreak, a mild dengue-like illness was observed
in the patients within a family (consisting of wife, husband
and their son-in-law). The symptoms included low fever (<
38 C), asthenia, wrist and fingers arthralgia, headache,
rash, and conjunctivitis. The RT-PCR test confirmed that
it was a Zika virus infection™!. The epidemic has been
spread to a large population as reported by the syndromic
surveillance network (6630 suspected Zika virus infection
cases), 333 of which were confirmed by real-time RT-
PCR as Zika virus infections. Symptoms of most Zika virus
infection cases are mild and self-limited (mean duration
of symptoms is 3-6 d)**”. No hospitalizations for acute
infection have been reported. In contrast to the outbreak
in Yap Island, some severe complications were seen in this
outbreak: The first case of Guillain-Barré syndrome (GBS)
was found immediately after a Zika virus infection'®®, and
another case of vertical transmission from an infected
pregnant woman to the baby was reported in this out-
break™.

The spread of Zika virus from the outbreak of French
Polynesia has been reported. Two Japanese travelers
were confirmed to be infected with the Zika virus after
they returned from a trip to French Polynesia during
the time of the outbreak™., In addition, it was found
to have spread to other Pacific Islands including New
Caledonia, Cook Islands, Easter Island, Vanuatu, and
Solomon Islands®". The introduction of the Zika virus
from French Polynesia into New Caledonia caused an-
other outbreak in New Caledonia in 2014%%: The first
cases of Zika virus infection were confirmed in November
2013, and they were imported from French Polynesia. By
the end of 2014, a total of 1383 cases were confirmed
in a laboratory™”. Consequently, an outbreak in New
Caledonia was declared. Thus far, introduction of the Zika
virus from French Polynesia to other countries has been
continuously reported.

Between 1947 and 2006, < 20 cases of Zika virus
infection have been reported™., There have been recent
reports of imported cases of Zika virus infections in 18
travelers returning to the Netherlands from Surinam,
which is in South America near the northern border of
Brazil, and the Dominican Republic®®®, 13 infections were
imported from Venezuela, Fiji/Samoa, or Suriname to
China®™*, and 4 infections were imported from Brazil to
Portugal®®!. Autochthonous cases were reported in places
such as Mexico™, Colombia™", and Easter Island, which
was the first outbreak (51 cases) reported in a territory
of the Americas in early 2014%%,

February 12,2017 | Volume 6 | Issuel |



Table 2 Origin of the types Zika viruses

Armstrong N et a/. Starting a fight with Zika virus

Isolation region Isolation year Accession # Strain Ref.
Malaysia 1966 HQ234499 P6-740 Haddow et al!
Micronesia 2007 EU545988 N/A Lanciotti et al™
Cambodia 2010 JNI860885 FS513025 Haddow et al”
Thailand 2016 KU681082 H.sapiens-tc/PHL/2012/CPC-0740 unpublished
Philippines 2016 KU681081 H.sapiens-tc/ THA /2014/SV0127 unpublished
China 2016 KU744693 VE Ganxian unpublished
China 2016 KU740184 GD01 unpublished
Nigeria 1968 HQ234500 IBH 30656 Haddow et al!
Senegal 1984 HQ234501 ArD 41519 Haddow et al!
Uganda 1947 HQ234498 MR766 Haddow et al
Uganda 2004 NC012532 N/A Kuno et al'*”
CAR 2014 KF268948 ARB13565 Berthet et al'®”!
CAR 2014 KF268949 ARB15076 Berthet et al'®”!
CAR 2014 KF268950 ARB7701 Berthet et al'®”!
Senegal 2001 KF383119 ArD158084 Faye et al”
Senegal 2001 KF383118 ArD157995 Faye et al”
Senegal 2001 KF383117 ArD128000 Faye et al”
Senegal 2001 KF383116 ArD7117 Faye et al”
Brazil 2016 KU497555 Brazil-ZKV2015 Calvet et al'*!
Brazil 2016 KU707826 SSABR1 Costa et al'®
Brazil 2016 KU527608 Natal RGN Mlakar et al'**!
Brazil 2016 KU501215 PRVABC59 Lanciotti et al™
Brazil 2016 KU321639 ZikaSPH2015 Staples et al™!
Brazil 2016 KU312312 71106033 Enfissi et al””
France 2014 KJ776791 H/PF/2013 Baronti et al®
Martinique 2016 KU647676 Martinique_PaRi_2015 Baronti et al'®
Haiti 2014 KU509998 Haiti/1225/2014 Lednicky et al™

CAR: Central African Republic; N/A: Not applicable.

The recent outbreak in Brazil has attracted the most
attention due to not only its growing infected population
but also its likely enhanced severity of the clinical
sequelae. In March of 2015, Zanluca et al*” from the
Molecular Virology Laboratory of Carlos Chagas Institute,
Oswaldo Cruz Institute, state of Parand, Brazil, detected
the Zika virus genome by RT-PCR from 8 out of 21
acute-phase serum specimens from the patients with
dengue-like symptoms. This is the first report of Zika
virus outbreak in Brazil. Later, another group reported a
similar detection of Zika virus cases (8 out 24 samples)
by RT-PCR™, The virus has been assumed to have been
imported from French Polynesia either by the travelers
during the time of the World Cup™ or by the teams from
the Va'a World Sprint Championship canoe race that was
held in Rio de Janeiro, Brazil*".. It has been reported that
the virus is carried by the travelers to other countries™*?.
Genomic sequencing has been conducted to analyze the
similarities between different strains isolated historically.
Phylogenetic studies showed that the Brazilian strain is
closely related to the one from French Polynesia, and the
French Polynesia strain is likely derived from Yap Island.
These strains all belong to the Asian lineage.

The severe clinical sequelae caused by Zika virus
infection include the following. First, during the outbreak
of the Zika virus in French Polynesia, the Zika virus was
detected from the semen of a patient, which brought out
the presumption that the Zika virus might be transmitted
sexually®™, Several cases of Zika virus infected patients
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have been reported to be sexually transmitted™™. This
observation implies another transmission route for the
Zika virus other than through mosquito. Secondly, the
Zika virus was reported to be transmitted vertically
(from the infected mother to the fetus). This is a major
problem for patients infected by Zika virus because the
virus directly results in birth defects. Again, the first
cases of congenital Zika virus infection were found during
the French Polynesia outbreak®®, Thirdly, it was reported
to be related to some severe syndromes like GBS***!, In
addition, Zika virus infection might have been associated
with microcephaly™*®*", However, after more detailed and
accurate experimental studies and clinical analysis, the
number of Zika-related microcephaly dropped quickly.
Therefore, all the linkages to the severe diseases are still
informative not conclusive. Systemic research in different
aspects for Zika virus is needed to assure that the clinical
findings are explained and understood.

FUTURE DIRECTIONS

Even though the world has noticed the emergence of Zika
virus infection, time is needed to achieve understanding of
its pathogenesis, prevention, and treatment. A previously
systemic study is lacking, so the Zika virus, from now
on, will be another member of Genus Flavivirus to be the
center of virological research. The following aspects may
be very important in the near future: Animal model for
Zika virus infection: It will help researchers understand
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whether and how Zika virus causes neural disorder
through interfering with the neural progenitor cell/neural
stem cell (NPC/NSC) proliferation and differentiation;
vaccine development: Like all other viruses, the best and
most effective way to prevent viral infection is by vaccine.
Some successful experience in Dengue virus and yellow
fever virus may be useful towards developing the Zika
vaccine; transmission prevention. Viral transmission
needs to be studied, such as whether and how semen
components enhance viral infection.
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Abstract

Dengue is one of the most common arthropod-borne
viral diseases in humans and it is a leading cause of
iliness and death in the tropical and subtropical regions of
the world. It is thought to account for 400 million cases
annually among approximately 3.97 billion people at risk
of infection in 128 endemic countries. Despite the global
prevalence of the disease, the availability of a vaccine
is limited in most countries in the endemic areas. Most
endemic countries in South America, South East Asia and
Africa serve as attractive touristic sites for people from
non-endemic countries who become infected and export
the virus to dengue-free regions. Dengue fever typically
resembles malaria and in endemic countries most cases of
dengue are treated as presumptive malaria. Consequently,
routine dengue diagnosis among persons with fever
will offer early treatment and reduce the burden of the
disease. Also, routine testing among travellers from
endemic countries will reduce importation and prevent the
geographical expansion of dengue. In this essay, we seek
to highlight the usefulness of routine dengue testing in
endemic countries.

Key words: Dengue virus; Endemic; Mosquito; Vector-
borne
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Core tip: Dengue is an emerging arborvirus infection
currently endemic in 128 countries in the world. In the
absence of routine vaccination and specific antivirals,
the main method to reduce the burden of dengue is
to reduce the vector population, educate people on
protective measures and timely laboratory identification.
Unfortunately this routine laboratory investigation is
currently neglected in most endemic countries and most
cases of fevers are often misconstrued as malaria. This
review provides a comprehensive summary of dengue
infection and highlights the fact that routine dengue
diagnosis will reduce the burden and global expansion of
dengue.

Ayukekbong JA, Oyero OG, Nnukwu SE, Mesumbe HN,
Fobisong CN. Value of routine dengue diagnosis in endemic
countries. World J Virol 2017; 6(1): 9-16 Available from: URL:
http://www.wjgnet.com/2220-3249/full/v6/i1/9.htm DOI: http://

dx.doi.org/10.5501/wjv.v6.i1.9

INTRODUCTION

Dengue virus (DENV) is the most common arthropod-
borne viral disease in humans and it is endemic in
most tropical and sub-tropical countriest'!. It has been
designated a major international public health concern
by the World health Organization (WHO) as it accounts
for 400 million cases annually among 3.97 billion people
at risk of infection™?. Previous phylogenetic analysis
suggests that there are four distinct DENV serotypes (DENV
1 to 4)°4, However, a 5™ serotype associated with milder
disease was isolated in 2013 in Malaysia™. Over the years,
DENV has spread from less than 9 endemic countries to
presently about 128 endemic countries®®”. Factors such
as unrestricted large-scale international travel and trade,
urbanization, global warming, virus and vector evolution
contributed to its rapid spread to other regions of the
World™®.

The main arthropod vectors for the transmission
of DENVs are Aedes aegypti and Aedes albopictus
mosquitoes are predominant in both tropical and sub-
tropical regions of the world®'®, Infected individuals
may be asymptomatic or may present with dengue fever
(DF) - a mild febrile illness, dengue hemorrhagic fever
(DHF) - a life-threatening complication, or dengue shock
syndrome (DSS). The incubation period is between
3-15 d following an infected blood meal. Rare cases of
human - human transmission via needle stick injuries,
contaminated blood products, donor organs and vertical
transmission from infected mother to an unborn child
have been documented'!. Dengue endemicity in 128
countries makes it a year round occurrence with peak
prevalence during the rainy season when environmental
conditions are optimal for the Aedes vector breeding'?..
As a result, epidemics are common during the rainy
season when the vector population is high and the
chances for human exposure to mosquito bites is
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increased!™!. In the absence of routine vaccination

and specific antivirals, the main method to reduce the
burden of dengue is to reduce the vector population,
educate people on protective measures such as spraying
of insecticides and wearing protective clothing”*', DF
typically resembles malaria and in endemic countries
most cases of dengue are treated as presumptive
malaria. Therefore, routine and differential diagnosis of
dengue will provide a basis for evidence-based treatment
and reduce the irrational use of antimalarial or antibiotics
to treat febrile diseases. Routine screening in endemic
countries will provide a better estimate on the burden of
dengue disease for public health action.

DENGUE EPIDEMIOLOGY

Dengue is currently regarded as the most important
arboviral disease internationally as over half of the world’s
population lives in dengue endemic countries”. A global
estimate suggests about 50-200 million cases of dengue
with 500000 episodes of DHF/DSS occur annually
culminating in about 20000 dengue related deaths!>*®!,
The determining factors of dengue epidemiology trends
include, but not limited to: (1) rapid urban population
growth and density due to rural to urban migration; (2)
poor sewage disposal system and land use pattern; (3)
global warming; and (4) trade necessitating movement
of people!”. It is now known that every WHO region
has evidence of dengue transmission™®. Almost 75%
of the world’s population at risk of dengue, live in South
East Asia (SEA) and the Western Pacific region and the
disease is the leading cause of hospitalization and death
in children from these regions (Figure 1)!"®. Dengue is
also recognized as an emerging infection in the Eastern
Mediterranean region with multiple outbreaks occurring
in Pakistan, Yemen, and Saudi Arabia™®. Almost all
countries in the Americas are now hyperendemic for
dengue with epidemics occurring every three-to-five
years especially in Latin America™®*®!, Due to the sig-
nificant endemicity of malaria throughout Africa, the
majority of “febrile illnesses” including dengue is likely
to be mistreated as malaria. This negatively affects our
understanding of the epidemiology of dengue in the
region. Dengue is indeed underreported in Africa and is
not a notifiable disease to WHO by most countries from
the continent. A review of the subject by Amarasinghe et
al*® suggested that dengue is endemic in 34 countries in
Africa and that the four main dengue serotypes circulate
in Africa with serotype 2 responsible for most epidemics.
Although the threat of dengue is rare in Europe, imported
cases by European travellers to and from endemic
countries continue to rise (Table 1). A report suggests
the importation of dengue to 13 European countries by
returning travellers™.

CLINICAL ASPECTS OF DENGUE
INFECTION

Dengue infection may present as a mild asymptomatic

February 12,2017 | Volume 6 | Issuel |



Ayukekbong JA et a/. Value of routine dengue diagnosis

Dengue, countries of areas at risk, 2011

e — 2

Countries or areas where
dengue has been reported

= january isotherm
== 10.C

- July isotherm

10.C

The contour lines of the January and July isotherms indicate areas at risk, defined by the geographical limits of the northern
and Southern hemispheres for year-round survival of Aedes aegypti, the principal mosquito vector of dengue viruses.

Figure 1 Countries or areas of the world where dengue was reported in 2011, as per data collected by the World Health Organization. Reprinted with
permission from Murray et al’’. The boundaries and names shown and the designations used on this map do not imply the expression of any opinion whatsoever
on the part of the World Health Organization concerning the legal status of any country, territory, city or area or of its authorities, or concerning the delimitation of its
frontiers or boundaries. Dotted and dashed lines on maps represent approximate borderlines for which there may not yet be full agreement.

infection to severe illness that may lead to death in some
cases. The disease may start as an undifferentiated
febrile illness (UF), which may culminate to a diverse and
complicated clinical condition such as: DF, DHF, DSS!".,
Clinically, UF illness mimics malaria and other tropical
fevers and in the absence of specific serological testing,
UF illness could easily be misdiagnosed or labeled as
fever of unknown origin. DF is considered to be a mild
disease because death is rarely reported, but may be
associated with high fever, severe headache, pain behind
the eyes, muscle and bone or joint pains, nausea,
vomiting, rash and skin haemorrhages. Leukopenia
and thrombocytopenia may also occur. The dlinical pre-
sentation of DHF is similar to DF but the latter is char-
acterized by plasma leakage resulting from alteration in
microvascular permeability. The plasma leakage occurs
into the pleural and peritoneal cavities that may result
in pleural effusion and ascites. Typical presentation of
DHF includes high fever, haemorrhagic phenomena,
thrombocytopenia, hepatomegaly and circulatory failure.
On the other hand, the clinical features of DSS are also
similar to those of DHF but the plasma leakage is so
severe that the patient develops shock®??. Other signs
of circulatory failure such as the skin becoming cool,
blotchy, and congested; circumoral cyanosis may be
observed. Also, the patients may initially be lethargic,
then become restless and then rapidly enter a critical
stage of shock. DSS is usually characterized by weak
pulse with narrowing of the pulse, hypotension with cold,
clammy skin and restlessness. Death may occur in the
absence of appropriate treatment.
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DENGUE AMONG TRAVELLERS TO
ENDEMIC COUNTRIES

The contribution of dengue expansion through inter-
national travel and intercontinental movement of goods
is on the rise”. As the global community trades and
travel more and more, so too do communicable and
vector-borne diseases. Most dengue-endemic countries
are popular touristic destinations and the frequency of
international travel to these regions plays a role in the
infection and transmission of the disease. With increasing
growing markets and international trade in Africa,
Asia and Latin America, the risk of dengue infection
by travelers is high. It was observed in 2011 that air
travel frequency was 40-times higher compared to the
frequency during mid 20" century®®". Human travel
to endemic areas as well as travel of infected persons
to non-endemic areas is the main driver in the global
transmission and expansion of the disease. Overcrowded
airports located in most tropical countries serve as ideal
breeding ground and distribution source of dengue
viruses and travelers contribute in the importation of the
disease (Table 1), Other globalization factors such as
international transport of cargo and goods, especially
via commercial sea shipment also contribute in the
importation or exportation of the dengue’s primary and
secondary vectors, Aedes aegypti and Aedes albopictus,
respectively”®. The transatlantic transport of used cars
and tires has been linked with the introduction of exotic
mosquitoes from America to Europe, which contributed
to other vector-borne disease epidemics'??,
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Table 1 Randomly selected articles revealing dengue importation by travelers from endemic countries

Year Import Source country No. of Age group Serotype Assay Ref.
country cases
2010 France Benin 1 40s Unknown 1gG/IgM seology Gautret et al™
2001-2009 Denmark Southeast Asia, South Asia, Central 114 679  DENV1,23 IgG/IgMserology, PCR  Vinner et al®™
America, Africa, Caribbean, South America and 4
2010 Ttaly Caribbean, India, Indonesia, Brazil, 17 1663 DENV 1,3 IgG/IgM Pierro et al™
Thailand, Venezuela, Nicaragua-Honduras immunofluorescence, PCR
2013 France Guadeloupe 1 50s DENV 2 PCR Marchand et
a l[57]
2010 France, Tanzania 5  41-69 DENV 3 PCR Gautret et a®™
Sweden
2012 Germany, Madeira 42 20-73 Unknown Unknown Frank et al™
United
Kingdom
2007-2009 Sweden Thailand 100 Unknown  DENV2 Unknown Heddini et al'™!
2009 Italy Senegal 1 40s DENV 3 PCR Nisii et al'"
2012 Finland Madeira 5 50-60 DENV 3 1gG/IgM, NS1 and PCR ~ Huhtamo et al'*”
2013 Germany Japan 1 50s Unknown IgG/IgM, NS1 and PCR  Schmidt-Chanasit
et al®
2010 Germany Croatia 1 72 Unknown IgG/IgM, NS1 and PCR  Schmidt-Chanasit

et al®®

DENV: Dengue virus; PCR: Polymerase chain reaction.

ASSESSING DENGUE DISEASE BURDEN
IN ENDEMIC COUNTRIES

While geographical expansion of dengue and its vector
are evident, the true burden of the disease is under-
estimated due to lack of an efficient public health
surveillance system for dengue. Dengue diagnosis is
not routinely performed in endemic countries and most
febrile illnesses are treated as presumptive malaria or
fever of unknown origin. Also, most dengue cases are
asymptomatic and go undetected and infected persons
do not seek medical attention. Consequently, the number
of dengue cases is underreported and the disease burden
is grossly underestimated. However, DF, DHF and DSS
cause significant humanitarian and economic hardship
and it is suggested that about 3.97 billion people living in
128 endemic countries globally are at risk of dengue’*.
The disability adjusted life year (DALY) lost due to dengue
infection globally was 700000 per year in 2009 while an
estimate of aggregate annual cost of dengue was USD
2.1 billion in the Americas in 2000-2007***%%, Prior to
1990, dengue was endemic in only 9 countries but the
disease is currently endemic in 128 countries across
Africa, the Americas, the Eastern Mediterranean, SEA
and the Western Pacific regions. A study involving twelve
countries in the SEA region from 2001 to 2010 suggest
an annual economic burden of US $950 million amongst
the studied nation®™. Overall, due to inadequate disease
surveillance, low level of reporting, low case fatality rate,
lack of routine diagnosis, the true incidence and burden
of the disease is unclear.

tropical regions of the world. Dengue vectors as well
as those responsible for the transmission of yellow
fever, chikungunya (Aedes spp) and those responsible
for malaria (Plasmodium spp,) are known to be well
established in these regions. Dengue - malaria co-infection
has been recognized as an important clinical problem
in endemic regions®®. Vector expansion is driven partly
by population growth, unplanned urbanization, crowded
humans settlements and inadequate water, sewage and
waste management™. These factors with the lack of
effective vector control programs increase the exposure
of humans to the disease vectors. Concurrent dengue
and malaria co-infection has been reported in many areas
of the world with predominance in the Americas, Asian
tropical and sub-Saharan Africa regions™**®. The profound
endemicity of both diseases and similar and overlapping
clinical presentations often lead to misdiagnosis or
misinterpretation as mono infections®”). We previously
reported that 10% of malaria patients in Ibadan, Nigeria
had active dengue infection. Also, all malaria patients were
positive for dengue IgG antibodies which is suggestive of
a previous infection®™. This concomitant dengue/malaria
co-infection is consistent with the endemicity of both
infections in the region. Despite this endemicity, routine
diagnosis of dengue is often neglected and more focus
is on malaria. Dengue misdiagnosis or under-diagnosis
poses a great risk of increased morbidity and mortality in
endemic countries’®, Therefore, routine dengue diagnosis
is very essential in endemic countries as misdiagnosis or
lack of diagnosis is likely to have tremendous public health
consequences in the general management of febrile
conditions in these regions.

DENGUE AND MALARIA ENDEMICITY

DENGUE DIAGNOSTIC METHODS

Mosquitoes are widespread in most tropical and sub-
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Dengue diagnosis is relevant in epidemiological sur-
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veillance, outbreak control, routine diagnosis in endemic
countries among people with febrile diseases as well as
diagnosis among travellers visiting or returning from
endemic countries. There are several diagnostic assays
such as virus culture, RNA detection, antigen detection
and serology. These assays are associated with many
advantages and disadvantages as well as different level of
specificity and sensitivity.

Virus culture

This is usually done by inoculation of samples (serum,
plasma or buffy coat) into mosquitoes cell lines such as
C6/36 and AP61 or mammalian cell lines such as Vero and
LLC-MK2 cells™. Sucking mice inoculated intra-cerebrally
have also been used for the isolation of DENV*”. Autopsy
tissues from spleen, liver, thymus and lymph nodes have
been used to isolate the virus from fatal cases™. After
virus isolation, serotype identification is achieved by
immunofluorescence using serotype-specific monoclonal
antibodies. Despite the sensitivity of this method, the
routine use is limited in endemic countries due to the fact
that it requires improved laboratory safety capacity. The
assay is also labor intensive and time consuming requiring
adequate professional training. Also, virus detection is
effective mostly during the early stages of the infection.
It is therefore thought that, for better results, cultures
should be performed using patient sample collected during
the acute phase of the infection that may contain high
viral copies. Acute infection is associated with rapid viral
replication with high viral load that peaks before the onset
of symptoms™. Therefore, timing of sample collection is
very important for reliable test results.

Virus RNA detection

Dengue RNA can be detected by polymerase chain
reaction (PCR) from tissues, blood or sera collected
during the acute phase of the infection using primers
directed to serotype-specific regions of the genome!**%,
Common genomic regions for PCR include; E, NS1,
E/NS1, prM/E, NS5 and NS5/3. Viral load may be
quantified by RT-PCR while strain typing could be per-
formed by nucleotide sequencing and phylogenetic
analysis'®, However, it is essential that laboratories
performing nested PCR take every precaution to prevent
false-positive results that can occur as a result of
contamination™”. A recent development of real-time PCR
enables a simpler and faster assay with less exposure
to contamination during concurrent dengue detection
and typing. The assay utilizes oligonucleotide primers
and dual-labeled hydrolysis probes for in vitro qualitative
detection of DENV serotypes in a singleplex or multiplex
reactions. However, this method is hampered by late
sample collection (> 5 d after onset of symptoms).
Therefore a negative result does not preclude dengue
diagnosis and samples should be subjected to an anti-
IgM ELISA for laboratory confirmation of infection.
Although highly sensitive, the method is financially
prohibitive as most dengue endemic countries lack the
capacity to perform such nucleic acid amplification test.
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Antigen detection

The detection of viral antigen has emerged as a potential
alternative to PCR and virus culture. The main antigen
target is the non-structural protein 1 (NS1). The NS1
antigen is produced during viral replication and can be
detected in patients with primary and secondary dengue
infections up to 9 d after the onset of disease™. NS1
is secreted in all infected cells during the acute phase
of the infection and the presence in blood stimulates a
strong humoral response. Quantification of the NS1 is a
prognostic maker for dengue disease and higher levels
have been linked to progression to DHF**l, A recent
study that evaluates a rapid NS1 assay in both Vietham
and Malaysia revealed the following; in Vietham the
sensitivity and specificity of the test was 69.2% (95%(CI:
62.8% to 75.6%) and 96% (95%CI: 92.2% to 99.8%)
respectively. In Malaysia the performance was similar
with 68.9% sensitivity (95%CI: 61.8% to 76.1%) and
96.7% specificity (95%CI: 82.8% to 99.9%) compared
to RT-PCR™,

Serological methods

Serology is based on screening for dengue IgG/IgM
antibodies. It is suggested that IgM production occurs 4-8
d after the onset of fever and last for a couple of weeks.
On the other IgG production is low after primary infection
but matures slowly within weeks and months and may
last for several years™®”), ELISA-based IgM assays have
become an important tool for the surveillance of dengue.
Although these IgM-based assays are a useful diagnostic
tool, results from these tests should be interpreted with
caution. In addition, there is cross reactivity with other
flaviviruses including West Nile virus (WNV), St. Louis
encephalitis virus (SLE), Japanese encephalitis virus
(JEV) and yellow fever virus (YFV). Therefore, during
interpretation of results, patient’s past medical history,
recent travel history, and vaccination record (especially
yellow fever vaccination) should be reviewed in order to
determine the likelihood that the current acute febrile
illness is due to an infection with DENV. There may
also be false-negative results due to an extended sero-
conversion period™®. The presence of anti-dengue IgM
suggests recent infection while IgG antibody detection
may be used for the classification of both primary
and secondary infection®®®. That is a ratio of IgM/IgG
greater than 1.78 represents primary infection and
lesser than 1.78 represents secondary infections™®.
Also, the diagnostic value of IgA has been suggested
and it has been shown that significantly higher levels of
IgA antibodies occur in DHF/DSS than in DF cases™.
The sensitivity and specificity of IgM-based assays is
influenced by the quality of the antigen used and can
vary greatly between commercially available products.

ROUTINE DENGUE DIAGNOSIS IN
ENDEMIC COUNTRIES

In spite of the methods listed above, their routine use
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in dengue endemic countries is limited due to either
lack of laboratory capacity or skilled personnel. An ideal
routine diagnostic test in endemic countries would fulfill
the ASSURED criteria: (1) Affordable by those at risk of
infection; (2) Sensitive; (3) Specific; (4) User-friendly;
(5) Rapid and robust; (6) Equipment-free; and (7)
Delivered to those who need it. The recent developments
in rapid point-of-care (POC) immunochromatograhic
tests (ICT) offer hopes for improved diagnosis of early
dengue infection™", ICT for the detection of DENV NS1
antigen, IgG, IgM, and IgA antibodies promises to offer
tremendous opportunities for the rapid detection of DENV
in clinical samples. These ICT are manufactured in lateral
flow cassettes and strips and allows the flow of sample
by capillary action®?. Considering that the majority of
patients in developing countries are treated in primary
health centers without the availability of a laboratory,
POC testing may offer a unique advantage in the routine
diagnosis of DENV among febrile patients. The tests can
be performed in approximately 10-15 min and requires
no specialized equipment or training.

PREVENTION AND CONTROL OF
DENGUE

In the absence of specific antivirals and a vaccine, the
main method of dengue control is to reduce the vector
population and to educate people in endemic countries
as well as travellers to these regions on basic protection
measures such as wearing protective clothing and the
use of anti-insecticide sprays.

Effective dengue control in endemic countries also
requires more governmental, public and other stakeholder
commitment and intervention at all levels. We recommend
the following areas for action: Institution of policies for
dengue to be a notifiable disease and the provision of POC
diagnosis of dengue in febrile patients in endemic regions.
Vector reduction activities by sustained environment and
space spraying with larvicide as complementary measure.
Unfortunately, there is lack of key indicator measurements
for vector control programs at national surveillance
systems in most tropical countries. Mobilization for public
awareness on dengue control and the need to establish
a sustained and integrated disease surveillance-response
information and knowledge generation programs in
vulnerable countries™®. Effective waste disposal and
water supply system management to reduce vector
breeding grounds. Operational research is needed to
generate evidence-based and cost-effective knowledge
for innovative policies to outwit dengue from the region.
Innovative approach on genetically modified mosquitoes
to reduce vector population and interrupt transmission.
Availability of the dengue vaccine, Dengvaxia (Sanofi
Pasteur) for use in 9 to 45 years old persons in hotspots
areas as well as accelerating dengue drug discovery and
the availability of treatment.
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CONCLUSION

This review outlined some of the basic public health issues
associated with dengue control in endemic countries.
Despite the increasing contribution of DENV as a major
cause of febrile disease in developing countries, there
is a high rate of misdiagnosis and underreporting from
endemic countries, as well as lack of routine surveillance
and public health prioritization. In summary, we suggest
the need for public health commitment to include dengue
as a notifiable disease, implement routine laboratory
diagnosis and personnel training in endemic countries.
Also, dengue NS1 ICTs or IgM antibody tests should be
available at all primary health care centers to enable early
detection of cases. Travellers visiting dengue endemic
countries should be fully informed on symptoms of
dengue and strongly urged to do a dengue test prior to
departure or immediately after entering their own country,
if they suspect infection by the virus, to reduce the risk of
importation of the disease.
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Abstract

AIM

To test whether a simple animal, Caenorhabditis elegans
(C elegans), can be used as an alternative model to study
the interaction between hepatitis B virus antigens (HBsAQ)
and host factors.

METHODS

Three plasmids that were able to express the large,
middle and small forms of HBsAgs (LHBsAg, MHBsAg, and
SHBsAg, respectively) driven by a ubiquitous promoter
(fib-1) and three that were able to express SHBsAg driven
by different tissue-specific promoters were constructed
and microinjected into worms. The brood size, egg-
laying rate, and gonad development of transgenic worms
were analyzed using microscopy. Levels of mRNA related
to endoplasmic reticulum stress, enp/-1, hsp-4, pdi-3
and xpp-1, were determined using reverse transcription
polymerase reaction (RT-PCRs) in three lines of transgenic
worms and dithiothreitol (DTT)-treated wild-type worms.

RESULTS

Severe defects in egg-laying, decreases in brood size,
and gonad retardation were observed in transgenic
worms expressing SHBsAg whereas moderate defects
were observed in transgenic worms expressing LHBsAg
and MHBsAg. RT-PCR analysis revealed that enp/-1,
hsp-4 and pdi-3 transcripts were significantly elevated
in worms expressing LHBsAg and MHBsAg and in wild-
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type worms pretreated with DTT. By contrast, only pdi-3
was increased in worms expressing SHBsAg. To further
determine which tissue expressing SHBsAg could induce
gonad retardation, we substituted the /ib-1 promoter with
three tissue-specific promoters (myo-2 for the pharynx,
est-1 for the intestines and mec-7 for the neurons) and
generated corresponding transgenic animals. Moderate
defective phenotypes were observed in worms expressing
SHBsAg in the pharynx and intestines but not in worms
expressing SHBsAg in the neurons, suggesting that the
secreted SHBsAg may trigger a cross-talk signal between
the digestive track and the gonad resulting in defective
phenotypes.

CONCLUSION

Ectopic expression of three forms of HBsAg that causes
recognizable phenotypes in transgenic worms suggests
that C elegans can be used as an alternative model for
studying virus-host interactions because the resulting
phenotype is easily detected through microscopy.

Key words: Hepatitis B virus; Caenorhabditis elegans;
Green fluorescence proteins; Endoplasmic reticulum
stress; Gonad retardation; Surface antigens

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: In the past, mouse and cell culture models
have been used for studying the effects of hepatitis B
virus antigens (HBsAg) on hosts. Both models have
advantages and disadvantages in terms of economic and
time concerns. In this study, we provide an alternative
animal model, Caenorhabditis elegans (C. elegans),
to demonstrate that SHBsAg can induce observable
phenotypes which has never been reported in mouse and
cell culture models. We suggest that C. elegans can serve
as a new plateform for studying various viral pathogenesis.

Chen YY, Lee LW, Hong WN, Lo SJ. Expression of hepatitis
B virus surface antigens induces defective gonad phenotypes
in Caenorhabditis elegans. World J Virol 2017; 6(1): 17-25
Available from: URL: http://www.wjgnet.com/2220-3249/full/

v6/i1/17 htm DOTI: http://dx.doi.org/10.5501/wjv.v6.i1.17

INTRODUCTION

Human hepatitis B virus (HBV), a member of the family
Hepadnaviride, is a partially double-stranded DNA
virus. The genome of HBV contains approximately 3200
nucleotides that encodes four open reading frames,
namely surface (S), core (C), polymerase (P) and X in
an overlapping but frame-shifted manner!®.. Infection
with HBV inducers a broad range of clinical outcomes,
from asymptomatic hepatitis to fulminant hepatitis.
Chronic hepatitis B carriers are highly associated with
the development of liver cirrhosis and hepatocellular
carcinoma'™®!. Molecular biology analyses from tumor
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samples have revealed that HBV DNA integration could
activate genes associated with the cell cycles, leading to
abnormal cell proliferation®”). Pathogenesis and etiology
studies have found that X and truncated preS proteins
play oncogenic roles?®*?,

Woodchucks were the first animal model for study-
ing liver carcinogenesis caused by natural woodchuck
hepatitis virus (WHV) infection™"**. A high incidence of
liver tumor formation occurs in newborn woodchucks
infected with WHV. Molecular dissection has revealed
that c-myc oncogene level are highly elevated in liver
tumors™'¥., Later, the transgenic mouse model was
applied to express an individual viral protein, such as
the large hepatitis B surface antigen (LHBsAg) and X
protein, which are driven by the albumin promoter for
specific expression in the liver, to study the mechanisms
of liver carcinogenesis induced by viral proteins!***®,
In combining molecular biology analyses of the HBV
X (HBx) gene in transfected cells, numerous studies
have elucidated that the X protein is multifunctional
and induces transactivation activity, signal transduction
and cell death®"'®], Recently, Geng et ai™® employed
Caenorhabditis elegans (C. elegans), a soil nematode,
to express HBx under a heat shock control and found
that HBx induced cell apoptosis and necrosis through
the interaction of HBx and CED-9, a human homolog of
Bcl-2.

C. elegans was first used as a model organism for
studying development and the nervous system because
the species is transparent throughout its life span and in
its adult form, possesses approximately 300 neurons out
of 1000 somatic cells®?!, Because of its short-life cycle,
simplicity, numerous available mutated forms, and ease
of handling for knocking-down specific gene, C. elegans
is now a model for studying various biological topics, such
as aging, human diseases, host-pathogen interaction and
viral pathogenesisi**®!, Because of a high percentage of
genes in numerous cellular pathways is conserved across
nematodes to vertebrates, a study of PEG-mediated
Poxviridae infection in C. elegans revealed that the core
genes of apoptosis (ced-3 and ced-4) control vaccinia
virus replication in worms'**?”), Therefore, C. elegans
could serve as a new platform for virologists to study
virus-host interaction and pathogenesis in addition to
the currently used cell culture and mammalian models.
In this study, we expressed three forms of HBsAg in
C. elegans to determine different degrees of defects in
gonad development.

MATERIALS AND METHODS

Plasmid constructions

Prsib-1:gfp::icr::SHBsAg: A 1.5 kb fragment excised
from the Pro-1::gfp::LD plasmid®®® by cutting with Hind!I
and Age I and was isolated and then inserted into the
HindIll and Age 1 sites of pPD95.75 to generate Prb-1::
gfp. Prib-1::gfp was then cut with EcoR 1 and ligated with
a 0.8 kb of icr::SHBsAg fragment which was isolated
from Prb-1::LD: :icr: :SHBsAg to generate a 6.8 kb of Prib-1::
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gfp::icr::SHBsAg. When microinjection of Prb-1::gfp::
icr::SHBsAg into N2 strain, worms expressed green
fluorescence proteins (GFP) and HBV small surface
antigens (SHBsAQ).

Prib-1:gfp::icri:linker: A linker was designed to contain
EcoR1, Notl, Bg/ll, Sall, Nsil and Sac1 cutting
sites. This linker was ligated to Prb-1::gfp and generated
plasmid Pro-1::gfp::linker. Prb-1:gfp::linker was cut with
EcoR 1 and Not 1 and ligated with an icr fragment which
was isolated from Prv-1::gfp::icr::SHBsAg to generate a
6.2 kb of Prv-1::gfp::icr::linker plasmid.

Prib-1:gfp::icr::MHBsAg: A 680 bp of MHBsAg DNA
fragment was amplified from pMH3/3097"**! using primers
HBVs(M)-Not I -F and HBVs-Sal I -R. This fragment was
ligated with Prv-1::gfp::icr::linker to generate a 7.0 kb of
Prb-1::gfp::icr: :MHBsAg. Transgenic worm carrying Prb-1::
gfp::icr::MHBsAg expressed GFP and MHBsAg.

Prib-1:gfp::icr::LHBsAg: A 1.1 kb of LHBsAg DNA
fragment was amplified from pMH3/3097%" using
primers HBVs(L)-NotI-F and HBVs-Sal I -R. This fragment
was ligated with Prib-1::gfp::icr::linker to generate a 7.3 kb
of Prb-1::gfp::icr::LHBsAg. When microinjection of Prb-1::
gfp::icr::LHBsAg into N2 strain, worms expressed GFP
and LHBsAg.

Pmyo-2:gfp:iicr::SHBsAQ: The fragment of fib-1 promoter
was cut from Prb-1GFP-icr-SHBsAg by digestion with Hind
I and Agel, and replaced with the myo-2 promoter
which was isolated from Pmyo-2::gfp::icr::DsRed: : LD to
create a 6.6 kb of Pmyo-2::gfp::icr::SHBsAg. Transgenic
worms carrying this plasmid expressed both GFP and
SHBsAg in pharynx.

Pmec-7:gfp:iicri:SHBsAg: The plasmid was generated
by substitution of the fib-1 promoter of Pro-1::gfp::icr::
SHBsAg with the mec-7 promoter which was isolated
from Pmec7::gfp::icr::DsRed::LD"® to create a 6.3 kb of
Pmec7::GFP: :icr: :SHBsAg. Transgenic worms carrying this
plasmid expressed GFP and SHBsAg in neurons.

Pges-1:gfp::icr::SHBsAg: The plasmid was generated
by substitution of the fib-1 promoter of Pro-1::gfp::icr::
SHBsAg with the ges-1 promoter which was isolated
from Pees-1::gfp::icr::DsRed::LD*® to create a 6.6 kb of
Pges-1::gfp: ticr: :SHBsAgQ. Transgenic worms carrying this
plasmid expressed GFP and SHBsAg in intestinal cells.

Primers used in this study

For plasmid constructions and RT-PCR analyses, the
following paired primers were used: linker-F: 5-aat
tcaaaaagcggccgcagatctgtcgacatgcatgagcete-3'; linker-R:
5’-gtttttcgccggegtctagacagcetgtacg tactcgagttaa-3’;
HBVs(L)+Not I -F: 5-gggaacaagag cggccgcatggggcag-3’;
HBVs(M)+Not I -F: 5’-acactc atcgcggccgcatgcagtgg-3';
HBVs+Sal I -R: 5’-gttttgtgtcgacttaaatgtataccc-3’;
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eft-2-F: 5’-ggtggtcaaatcatcccaac-3’; eft-2-R: 5'-tcc-
tcgaaaacgtgtcctct-3’; endoplasmin-F: 5'-t gaaaa
cctccaacagcaca-3’; endoplasmin-R: 5'-gcagtttccttg
agccagtc-3’; hsp-4-F: 5'-ttttcgaggttcttgecact-3’; hsp-
4-R: 5'-tctccggtattttcgacacc-3'; PDI-F: 5'-gccgtttcca aca
aagaaga-3’; PDI-R: 5'-cccttgagc ccatcagtaga-3’; xbp-
1-F: 5'-cgtcgtcta cgaagaagaagtcgtc-3'; xbp-1-R: 5'-gatg
ata gttagatacatatccacactg-3-.

Worm strains and culture

N2 (wild-type) worm was obtained from the Caenorhabditis
Genetics Center (CGC, University of Minnesota) and
cultured on Nematode Growth Medium (NGM) following
standard methods®”. Images of transgenic worms were
acquired using Leica DM2500 equipped with CoolSNAP K4
(photometrics) and processed with a MetaMorph (version
6.1).

Microinjection

Plasmid DNA was prepared by using QIAprep spin
miniprep kit and the concentration was adjusted at
100 ng/pL in injection buffer (20 mmol/L potassium
phosphate, pH 7.5, 3 mmol/L potassium citrate, pH 7.5,
2% polyethylene glycol, M.W. 6000). The injection mixture
also contained pRF-4 which was included as a screening
marker. Worm was placed onto 2% agarose pads and
injected by capillary needle loaded with DNA mixture using
a FemtoJet system (Eppendorf AG, Hamburg, Germany).
The glass capillaries were purchased from World Precision
Instruments (Kwik-Fil™, borosilicate 16 glass capillaries,
item number 1B100F-6, United States) and pull by
Flaming/Brown micropipette puller (MODEL P-97, Sutter
Instrument Co., United States).

Measurement of egg-laying activity and brood size
Worms were first synchronized and placed one worm per
a single plate. The offspring in each plate were counted
every day.

Microscopy

For visualization of GFP expression in transgenic worms,
an upright fluorescence microscope (Leica DM2500) was
used. For visualization of gonad structure and development
a differential interference contrast (DIC) microscope was
used and images were captured using a cool CCD (CoolSNAP
K4).

Reverse transcription

The total RNA was extracted from transgenic worms
expressed both GFP and HBsAgs with TRIzol reagent.
The reverse transcription reaction was first carried out
with 4 ug of RNA, 2 uL of dNTP (10 mmol/L), 2 uL of
Oligo-dT (10 mmol/L), and added DEPC Hz20 to 12 pL.
After incubated at 68 “C for 5 min, the mixture was then
added 4 uL of 5 x first-strand buffer (invitrogen), 2 uL
of DTT (0.1 mmol/L, invitrogen), 1 uL of RNase inhibitor
(invitrogen) and 1 pL of Reverse Transcriptase (invitrogen)
and incubated at 42 °‘C for 50 min, and then 70 °C for
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Figure 1 Expression of various lengths of hepatitis B virus antigens in whole worms induced defects in the rate of egg-laying. A-F: Micrographs of
transgenic worms expressing LHBsAg (A and B), MHBsAg (C and D), and SHBsAg (E and F) were captured under a bright-field microscope (A, C, and E) and a
fluorescence microscope (B, D, and F). The heads of the worms are shown toward the left. The scale bar indicates 200 pm. G: Egg-laying capability of three lines
of transgenic worms and wild-type worms (N2) shown using various color bars. The rate of egg-laying in 3 to 7 d post-hatching is shown above the bar. HBsAgs:

Hepatitis B virus antigens.

15 min. The primers used in PCR analyses were listed as
above.

RESULTS

Expression of three forms of HBsAg reduces egg-laying
capability

To determine whether C. elegans can be a new platform
for studying virus-host interaction we ectopically ex-
pressed three lengths of HBsAg (SHBsAg, MHBsAg, and
LHBsAg) in worms under the control of the ubiquitous
promoter fibrillarin (fib-1). Three HBsAg gene sequences
were individually placed in a bicistronic vector behind
a reporter gene, green fluorescence protein (GFP),
which was used as a selection marker™®. Transgenic
worms were selected for the expression of GFP (Figure
1A-F) and maintained to characterize phenotypes. After
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synchronization, transgenic worms were singled out
and placed on single plates, and the numbers of eggs
produced by individual worms were counted every day.
The results showed different egg-laying averages in a
total of 60 transgenic animals in three groups expressing
SHBsAg, MHBsAg, and LHBsAg (Figure 1G). On the
fourth day after hatching, the wild-type worms (N2)
displayed an egg-laying rate of 100% whereas those
worms expressing SHBsAg, MHBsAg, and LHBsAg
demonstrated laying-egg rates of approximately 8.6%,
10%, and 53.3%, respectively. Although the egg-laying
rates of the three lines of transgenic worms increased in
the following days, the maximum egg-laying rate was
41.1% for worms expressing SHBsAg, 70% for worms
expressing MHBsAg and 81.7% for worms expressing
LHBsAg at 7 d post-hatching (Figure 1B). The reduced
rate of egg-laying in the three lines of HBsAg-expressing
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Table 1 Comparison of egg-laying ability and brood size among various transgenic worms

Construct Strain Ecotopic proteins Protein expression site Egg-laying ability (%) Brood size
N2 100 (n =17) 29015 (n=17)
Pfib-1::gfp:icr N2 GFP Whole worm 100 (n = 10) 268 +29 (n =18)
Pfib-1::gfp:icr:SHBsAg N2 GFP, SHBsAg Whole worm 9 (n = 60) 66 £15 (n =14)
Pfib-1::gfp:icr:MHBsAg N2 GFP, MHBsAg Whole worm 10 (n = 60) 175 £ 50 (n = 15)
Pfib-1::gfp:icr:LHBsAg N2 GFP, LHBsAg Whole worm 54 (n = 60) 239 +14 (n =15)
Pmyo-2::gfp:icr:SHBsAg N2 GFP, SHBsAg Pharynx 83 (n = 60) 163 +20 (n = 26)
Pges-1::gfp:icr:SHBsAg N2 GFP, SHBsAg Intestine 97 (n = 60) 203 £50 (n = 32)
Pmec-7::gfp:icr:SHBsAg N2 GFP, SHBsAg Neuron 100 (n = 60) 270 + 42 (n = 26)

HBsAgs: Hepatitis B virus antigens; GFP: Green fluorescence proteins; SHBsAg: Human hepatitis B virus small surface antigens; MHBsAg: Human

hepatitis B virus middle surface antigens; LHBsAg: Human hepatitis B virus large surface antigens.

N2
52 h post-hatching

68 h post-hatching

Prib-1::gfp::icr::MHBsAg

68 h post-hatching

Figure 2 Differential interference contrast micrographs of gonad development in transgenic worms at various post-hatching times. The upper row shows a
wild-type worm (N2); the second row shows a transgenic worm expressing SHBsAg; the third row shows a transgenic worm expressing MHBsAg; and the bottom row
shows a transgenic worm expressing LHBsAg. The right column shows the gonads at 52 h post-hatching and the left column at shows gonads at 68 h post-hatching
expect the worm expressing SHBsAg is at 72 h post-hatching. The gonad contour is indicated with dotted lines and the tip (distal end) is marked by asterisk.

worms was unlikely to have caused by the ectopic
expression of GFP because worms carrying a plasmid
with the sole function of expressing GFP throughout the
body exhibited egg-laying capability of 100% (Table 1).

Expression of SHBsAg causes the most severe gonad
retardation

To understand why the expression of various lengths of
HBsAg in transgenic worms caused a reduction in egg-
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laying capability, we examined the gonad development
of the three types of transgenic worms under a DIC
microscope. As shown in Figure 2 (upper two rows),
at 52 h after hatching, wild-type worms had nearly
completed the gonad development; by contrast, worms
expressing SHBsAg exhibited a dramatic retardation of
gonad development in larval stage 3 (L3). The process of
oogenesis was observed in N2 worms 68 h post hatching
whereas the gonads of worms expressing SHBsAg were

February 12,2017 | Volume 6 | Issuel |



Chen YY et al. HBsAg expression in C. elegans

DTT

N2
Pr-1::glp:icr::LHBSAg

Pav-1::qfo: icr:MHBSAG
Pav-1::gfp:icr::SHBSAG

enpl-1

hsp-4

pdi-3

>
N
~

eft-1

Figure 3 Reverse transcription polymerase reaction analyses of mRNA
levels in various transgenic worms. The four transcripts (enpl-1, hsp-4,
pdi-3, and xbp-1), ER-stress markers, from wild-type worms (N2) with or without
DTT pretreatment, an ER stress inducer, and three lines of transgenic worms
were analyzed using RT-PCR and gel-electrophoresis. The transcript of the
translation factor (eft-2) served as a loading control. N2 worms treated with and
without DTT and transgenic worms are indicated above the gel. DTT-treated
worms severed as positive controls of ER-stress responses. DTT: Dithiothreitol;
RT-PCR: Reverse transcription polymerase reaction.

only just beginning to tum as mid-stage of larva 4 as 72
h post-hatching. Oogenesis was observed in some worms
expressing SHBsAg until 96 h post-hatching (data not
shown). Worms expressing MHBsAg and LHBsAg at 52
h and 68 h post-hatching showed a retardation of gonad
development that was less severe than that observed in
worms expressing SHBsAg at a similar stage (Figure 2,
lower two rows). The severity of gonad retardation clearly
reflected the reduced percentage of egg-laying (9%,
10%, and 54%, respectively) and average brood size (66,
175, and 239, respectively) in the three lines of transgenic
worms, as shown in Table 1.

Gonad retardation caused by SHBsAg may operate
through unknown pathways

A previous study reported that endoplasmic reticulum (ER)
stress could cause retardation of gonad development®!.,
To determine whether the defective phenotypes of the
three lines of transgenic worms resulted from ER stress,
we performed RT-PCR analysis of ER stress markers.
Total RNA from the three lines of transgenic worms and
N2 worms with or without DTT treatment was isolated
and analyzed for the expression levels of enpl-1, hsp-4,
pdi-3 and xbp-1 through RT-PCR. The results of the gel-
electrophoresis of RT-PCR products indicated that the levels
of enpl-1, hsp-4 and pdi-3 were substantially elevated in
worms expressing LHBsAg and MHBsAg, being similar to
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those N2 worms pretreated with the ER stress-inducer
DTT whereas the xbp-1 level had increased only slightly
(Figure 3). Only a slight increase in the level of pdi-3 was
observed in worms expressing SHBsAg compared with
that of wild-type worms, and no obvious elevation of other
ER stress-related transcripts was detected. We concluded
that the defective phenotypes caused by the expression of
LHBsAg and MHBsAg were likely attributable to ER stress
signals. By contrast, the defect induced by the expression
of SHBsAg might have been caused by other unknown
pathways.

Expression of SHBsAg in the pharynx and intestines
induces defective phenotypes

To determine which tissues expressing SHBsAg were
responsible for gonad retardation, we substituted
the fib-1 promoter with myo-2, ges-1, and mec-7,
to express SHBsAg in the pharynx, intestines, and
neurons, respectively. Transgenic worms expressing GFP
in the pharynx, intestines, and neurons were selected
(Figure 4A) and analyzed for egg-laying capability
and gonad development. As shown in Table 1, 100%
and 97% egg-laying capability were found in worms
expressing SHBsAg in the neurons and intestines,
respectively, compared with 83% egg-laying capability
in worms expressing SHBsAg through myo-2. When
examining the gonad development of the three lines
of transgenic worms using DIC, we found no obvious
retardation in worms expressing SHBsAg in neuron at
52 h and 68 h post-hatching and a moderate level of
gonad retardation in worms expressing SHBsAg in the
pharynx and intestines (Figure 4B). This suggested
that cross-talk between the digestive and reproductive
system may be triggered by secreted SHBsAg, causing
defects in a small portion of the population.

DISCUSSION

In this study, we demonstrated that transgenic worms
expressing three forms of HBsAgs throughout the body
exhibited lower rates of egg-laying, reduced brood
sizes and retardation of gonad development to various
degrees. Unexpectedly, worms expressing SHBsAg
displayed the most severe defects (Table 1). No study
has yet reported that the expression of SHBsAg can
induce detectable phenotypes in cultured cells or
animals; however, ER-stress and tumor formation have
been observed in cells and animals expressing LHBsAg
and MHBsAg™®*?. Consistent with previous studies,
worms expressing LHBsAg and MHBsAg were found to
possess higher levels of enpl-1, hsp-4, pdi-3 and xbp-1
transcripts as did N2 worms pretreated with DTT (Figure
3). Because the gonad is the organ most sensitive to
environmental changes®®, we suggest that ER-stress
signal occurring autonomously or non-autonomously in
the gonad can lead to gonad retardation, a reduced rate
of egg-laying, and a smaller brood sizes in transgenic
worms expressing LHBsAg and MHBsAg.

The unexpected results of the most severe pheno-
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Prmyo-2::gfp: :icr::SHBSAg
52 h post-hatching

68 h post-hatching

Paes-1::g1D: cicr::SHBSAg
52 h post-hatching

68 h post-hatching

Prmec7::glp::fcr::SHBSAg
52 h post-hatching

68 h post-hatching

Figure 4 Features of transgenic worms expressing SHBsAgs in different tissues. A-F: Micrographs of transgenic worms expressing SHBsAgs in the pharynx (A,
and B), intestinal cells (C and D), and neurons (E and F) were captured under a bright-field microscope (A, C, and E) and a fluorescence microscope (B, D, and F).
The heads of the worms are shown toward the left. The scale bar indicates 200 pm; G: Gonad development in transgenic worms: The upper row is a transgenic worm
expressing SHBsAg in the pharynx; the middle row is a transgenic worm expressing SHBsAg in intestinal cells; and the lower row is a transgenic worm expressing
SHBsAg in neurons. Images were captured under a DIC microscope. The right column shows the gonads at 52 h post-hatching and the left column at 68 h post-
hatching. The gonad contour is outlined by dotted lines and the tip (distal end) is marked by asterisk. HBsAgs: Hepatitis B virus antigens.

types induced by the expression of SHBsAg might be
explained by the different nature of the three forms of
HBsAg. In general, SHBsAg can form subviral particles of
approximately 22 nm and be constantly secreted outside
of cells whereas MHBsAg is less efficiently secreted
and LHBsAg is usually retained in the ER***?\, This
hypothesis is supported by the results shown in Figure
3, namely that four ER-stress related transcripts (enpl-1,
hsp-4, pdi-3 and xbp-1) were substantially elevated in
worms expressing LHBsAg and MHBsAg but only one
transcript (pdi-3) displayed a slight elevation in worms
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expressing SHBsAg. The secretion of SHBsAg might
either trigger signals inhibiting gonad development or
titrate out secretion factors that are required for gonad
development, although ER-stress signals might also play
a minor role (Figure 4). Nevertheless, the underlying
mechanism that leads to the most severe phenotypes
in worms expressing SHBsAg remains unknown and will
be elucidated by performing rescue and genetic cross
experiments in the future.

C. elegans has been used for studying viral patho-
genesis and virus-host interaction for more than a
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decade**, In comparison with the number of pub-

lications using C. elegans study viral, bacterial and fungal
pathogenesis, relatively few papers have focused on
viral pathogenesis and virus-host interaction in the past
10 years. The bottleneck could be due to the difficulty
of creating transgenic worms expressing viral antigens.
Currently, two methods for delivering ectopic genes into
C. elegans are microinjection and gene bombardment,
neither of which are easily achievable in general biology
laboratories. To use C. elegans as a platform for studying
virus-host interaction, virologists must collaborate with
worm scientists. Altematively, virologists could engineer the
three viruses (Orsay, Santeui, and Le Blanc virus™>**), that
naturally infect C. elegans to become versatile vectors for
the easy deliver of different viral genes into worms through
infection.
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The purpose of this research was to develop a model for human hepatitis
B viral antigen interaction with host factors in the standard model animal
Caenorhabditis elegans (C. elegans).

Research frontiers

The hepatitis B viral surface proteins (large, small and middle sized) (LHBsAg,
MHBsAg, SHBsAQ) are essential in viral assembly and infection. Here the three
viral surface proteins were synthesized in C. elegans after microinjection of
bacterial plasmids containing the genes for the proteins expressed under the
control of a ubiquitous animal promoter. Severe reduction in egg laying and
brood size as well as gonad retardation occurred with expression of the small
hepatitis B virus (HBV) surface antigen in the worm. Smaller effects were found
with the middle and larger sized surface antigens.

Innovations and breakthroughs

The specific effects of human HBV surface antigen expression of the C.
elegans worm demonstrates the worm as a useful model for understanding viral
infection and its effects on animal tissues.

Applications

Simple and rapid animal cell and model animal systems are essential for
understanding of the infection process and disruptions caused by important
human disease agents such as HBV. Here a new and useful model is
established and its characteristics presented.

Terminology

HBV is the familiar abbreviation for human hepatitis B virus, although with HAV
and HCV, a major cause of liver damage and morbidity. LHBsAg, MHBsAg and
SHBsAg are the abbreviations for the large, middle-sized and small versions
of the viral surface antigen, the proteins involved in the initial phase of virus
surface attachment and infection.
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Abstract

AIM

To further characterize the structure and nucleic acid
binding properties of the 195 amino acid small delta
antigen, S-HDAg, a study was made of a truncated form
of S-HDAg, comprising amino acids 61-195 (A60HDAQ),
thus lacking the domain considered necessary for
dimerization and higher order multimerization.

METHODS

Circular dichroism, and nuclear magnetic resonance
experiments were used to assess the structure of A
60HDAg. Nucleic acid binding properties were investi-
gated by gel retardation assays.

RESULTS

Results showed that the truncated A60HDAg protein is
intrinsically disordered but compact, whereas the RNA
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binding domain, comprising residues 94-146, adopts
a dynamic helical conformation. We also found that A
60HDAg fails to multimerize but still contains nucleic
acid binding activity, indicating that multimerization
is not essential for nucleic acid binding. Moreover, in
agreement with what has been previously reported for
full-length protein, no apparent specificity was found for
the truncated protein regarding nucleic acid binding.

CONCLUSION

Taken together these results allowed concluding that
A60HDAg is intrinsically disordered but compact; A
60HDAg is not a multimer but is still capable of nucleic
acid binding albeit without apparent specificity.

Key words: Hepatitis delta virus; Delta antigen; Nuclear
magnetic resonance; Circular dichroism; Intrinsically
disordered protein

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The characterization of a truncated form of
S-HDAg lacking amino acids 1-60, A60HDAg is reported.
Structure of A6OHDAg was assessed by circular
dichroism and nuclear magnetic resonance and its
nucleic acid binding properties were investigated using
gel retardation assays. This study demonstrates for the
first time that AGOHDAg is intrinsically disordered and
a monomer. Furthermore, A60HDAg can bind a wide
variety of nucleic acids without apparent specificity.

Alves C, Cheng H, Tavanez JP, Casaca A, Gudima S, Roder
H, Cunha C. Structural and nucleic acid binding properties of
hepatitis delta virus small antigen. World J Virol 2017; 6(2):
26-35 Available from: URL: http://www.wjgnet.com/2220-3249/
full/v6/i2/26.htm DOI: http://dx.doi.org/10.5501/wjv.v6.i2.26

INTRODUCTION

Hepatitis delta virus (HDV) is the human pathogen with
the smallest genome known to date. It is a defective
virus that requires the presence of hepatitis B virus (HBV)
to propagate infection, since the envelope is provided
by the HBV surface antigens. HDV co-infection with HBV
or super-infection of hepatitis B patients increases the
severity of acute and chronic liver disease™. The HDV
genome consists of a 1.7 kb single-stranded closed
circular RNA of negative polarity. Replication of HDV
genome results in the production of an intermediate
complementary strand in which a single open reading
frame coding for the delta antigen (HDAg) has been
identified. During the replication cycle, site-specific
editing of the antigenomic RNA by a host adenosine
deaminase (ADAR 1) results in the expression of a
second form of the HDAg. The mRNA for the original
small delta antigen (S-HDAg), corresponding to a 195
amino acids long protein, has its stop codon changed
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to a tryptophan codon, giving rise to a 19 amino acid
extension. This results in the translation of the large
delta antigen (L-HDAgQ) with 214 amino acids. None of
the HDAg forms have any known enzymatic activity and,
although both antigens share most of their sequence
and therefore functional domains, they display some
different functions in the HDV replication cycle. S-HDAg
is essential for HDV RNA accumulation while L-HDAg
acts as a trans-dominant inhibitor of replication and is
essential for virus assembly!').

S-HDAg is considered an “intrinsically disordered
protein” (IDP) as revealed by a meta-predictor as well
as circular dichroism (CD) measurements™. In fact,
S-HDAg has several characteristics commonly attributed
to IDPs: They rarely display enzymatic activity and
are commonly involved in nucleic acid binding and/or
interactions with other proteins™. S-HDAg is a nucleic
acid-binding protein, with multiple host protein partners
identified over the years by different approaches™”.
S-HDAg is also a basic protein with a predicted net
charge of +12 at neutral pH™®. This is common for
IDPs and may play an important role in the ability
of the protein to bind negatively charged nucleic
acids. Post-translational modification (PTM) sites are
also a common feature to IDPs. S-HDAg is modified
by phosphorylation, methylation, acetylation, and
sumoylation, and distinct functions have been attributed
to the different modified forms of the antigen®**. The
evidence showing that S-HDAg is an IDP can explain
the difficulty in solving its 3-D structure. Despite
several attempts it has not yet been possible to obtain
crystals of the full-length antigen. However, crystals
were readily obtained for a truncated form spanning
amino acids 12 to 60 corresponding to a more ordered
region of the protein®®'*, This segment is involved in
S-HDAg dimerization and was designated a coiled-coil
domain (CCD) as dimers form an anti-parallel coiled-coil
structure™®,

In the present study, we address the role of the
C-terminal regions of S-HDAg in determining its con-
formational properties, multimerization and nucleic
acid binding. A truncated form of S-HDAg lacking the
first 60 amino acids (A60HDAg) was generated and
purified. We characterized the structural conformation
of purified A60HDAg using CD and nuclear magnetic
resonance (NMR). Additionally, we also investigated the
multimerization and nucleic acid binding properties of A
60HDAg.

MATERIALS AND METHODS

Plasmids and cloning

Plasmid pR538V5 was used to express full-length S-HDAg
in Escherichia coli (E. coli) as previously described™,
This plasmid was also used as template to amplify by
PCR the region encoding amino acids 61-195 (forward
primer: 5-TTTCAATTGCCAAAGATAAAGATGGCG-3/,
reverse primer: 5-TTTCTCGAGTTACGGAAAGCC-3’).
The amplified sequence was cloned into the EcoRI-Xhol
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cloning site of pGEX-6P-2 (GE Healthcare). The resulting
plasmid, designated pGEX-6P-2-A60S-HDAg, allowed
further expression of the fusion protein GST-A60HDAg.

Bacterial expression and purification of recombinant
proteins

Expression and purification of full-length S-HDAg
was performed as described™. Expression of GST-
A60HDAg was performed in BL21 (DE3) codon plus
competent cells (Novagen) and protein purification
was performed as follows. Cells expressing GST-A
60HDAg were resuspended in PBS supplemented with
protease inhibitors (cOmplete, Roche). Cell lysis was
achieved by four freeze-thaw cycles after the addition
of 0.1 mg/mL lysozyme. Lysates were treated with
DNase 1 (Roche), sonicated, and centrifuged at 14000
x g for 10 min. Supernatants were analyzed by SDS-
PAGE followed by western blot to detect the presence
of recombinant protein. Total protein extracts were
then used to purify recombinant GST-tagged protein
as previously reported™. The GST tag was removed by
PreScission protease (GE Healthcare) digestion following
manufacturer’s instructions. Finally, purified A60HDAg
was concentrated using the protein concentrating
solution and dialysis cassettes (Pierce) using the
protocol suggested by the manufacturer.

RNA synthesis

Plasmid pDL542 containing a T7 promoter, was used
to express full-length antigenomic HDV RNA™®., The
plasmid was transcribed in vitro using a T7 RiboMax
transcription system (Promega) following protocols
provided by the manufacturer.

Gel electrophoresis and mobility shift assays
Protein samples were analyzed by electrophoresis in
12% SDS-PAGE gels and detected by Coomassie blue
staining. In cross-linking experiments, protein samples
were treated with 0.01% or 0.1% glutaraldehyde for
10 min at room temperature. Glutaraldehyde was
inactivated by the addition of 100 mmol/L ammonium
acetate and samples were analyzed by SDS-PAGE.
Regarding protein-nucleic acid interactions in vitro,
protein samples were diluted in a standard binding buffer
containing 150 mmol/L NaCl and 10 mmol/L Tris-HCI
(pH 7.5) unless stated otherwise. Nucleic acids were
then added, the mix was incubated for 10 min at room
temperature and resolved by electrophoretic mobility
shift assays. For the study of DNA-protein interactions
we used the PCR product obtained in the cloning of
the truncated protein. For the study of RNA-protein
interactions we used full-length antigenomic HDV RNA.
Mobility shift assays were performed in non-denaturing 1
x TBE 1.5% agarose gels stained with ethidium bromide.

CD analysis
The far-UV CD spectrum of approximately 10 umol/L
protein solution (in 20 mmol/L potassium phosphate
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buffer, pH 6.3) was acquired at 25°C on an Aviv 62A
spectropolarimeter (Aviv, Lakewood, NJ), usinga 1 mm
quartz cuvette. The CD spectrum was the average of
five scans recorded in the far-UV region (195-250 nm)
with a band pass of 2 nm. The temperature dependence
was studied at a protein concentration of approximately
15 umol/L by following the change in ellipticity at 225
nm upon increasing the temperature from 5°C to
85°C in 2C intervals, using a 2 nm bandwidth and a
2 mm quartz cuvette. Data average and temperature
equilibrate times were 1 s and 12 s, respectively.
The CD thermal scans were analyzed by nonlinear
least squares analysis based on the Gibbs-Helmholtz
equation. The fitting model used in this case assumes
two-state transition with a temperature-independent
heat enthalpy, AC> = 0. The enthalpy of unfolding, AH,
and the midpoint temperature of unfolding, Tm, were
derived from:

AG(Tm) = AH(Tm)(1-T/Tm) - ACo[Tm - T + TIn(T/Tm)]
(1)
where T is the sample temperature, Tmis the midpoint
temperature of unfolding. AH is the enthalpy of unfold-
ing at Tm, and AG; is the heat capacity change.
Thermal unfolding curves monitored via the ellipticity
at 225 nm, e2s5, were calculated as follows:

€5 = WEN+ fu€u

(2)

where fvand fu are the fractional populations of the
native and unfolded state, respectively, and <~ and <vare
the corresponding ellipticity values. The temperature
dependence of <~ and <u is given by <~

Ev=€ 4+ NT
€= €+ NT

(3)
(4)
where ey’ and e, designate the initial ellipticity of the
native and unfolded states, and Ns and Us are slopes
in the pre- and post-transition regions. For a two-state
equilibrium fv and fu depend on AG as follows:

fir=

1+ e4GRT (5)
-AG/RT
fu=_€ AG/RT
1+ e (6)

NMR sample preparation and NMR analysis

For NMR sample preparation, the DNA sequence
encoding residues 61-195 of S-HDAg (A60HDAg) was
commercially synthesized (LifeTechnology, GeneArt).
The truncated gene was subcloned into the expression
vector pET49b (Novagen) between BamHI and Hind III
sites. Uniformly **N-labeled fusion protein was prepared
by growing previously transformed E. coli cells in M9
medium supplemented with 1 g/L of >N NH.«Cl. After
removing GST by digestion with HRV 3C protease,
the purified protein contained extra residues with the
sequence GPGYNDP at its N-terminus. The protein
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Figure 1 Primary and secondary structure features of

N 61_& 2 '2 195C A60HDAg. Upper panel displays a schematic representation
66 75 97 107 136 146 of A60HpAg. NLS is the nuclear localization signal from
| .. amino acids 66 to 75 (Alves et al, 2008); RBD corresponds
| Alpha ’ to the RNA binding domain comprised within amino acids
0.8 —\/L3 110 97 and 146 (Lazinski and Taylor, 1993). Middle panel shows
x the secondary structure prediction and disorder prediction
K -1 0.8 o  using the meta-predictor PONDR-Fit (http://www.disprot.org/
3 06 - S predictors.php), and one of its component programs (VL3) as
& B 11 106 &  indicated. The blue line corresponds to the estimated disorder
g | 104 v score and red bars indicate the probability of acquisition
§ 0.4 % of a-helix conformation. Bottom panel is the amino acid
g -4 0.2 sequence of ABOHDAg. The underlined amino acid residues
02 correspond to the RBD. Isoelectric point of AGOHDAg's is 9.8
| 100 and molecular weight is 14.8 kDa, estimated by using Expasy
0.0 JIl"-u"]”"" "I"“""""' ||nnu|muu-umI""Imml"”ulumu... -0.2 (www.expasy.org).
. \H‘\\'V_V_W_FH‘HH\HH‘HH—rﬂ\\‘\\\\\\\
80 100 120 140 160 180
Residue number
61- KDKDGEGAPP AKKLRMDQME IDAGPRKRPL RGGFTDKERQ
101- FHRRRKALEN KRKQLSSGGK SLSREEEEEL KRLTEEDEKR
141- ERRIAGPSVG GVNPLEGGSR GAPGGGFVPS MQGVPESPFA
181- RTGEGLDIRG SQGFP
(approximately 1 mmol/L) was dissolved in 50 mmol/L Rni = ANF (8)

sodium phosphate and 50 mmol/L sodium chloride
buffer, pH 6.3.

All NMR data were collected on a Bruker Avance II
600 MHz spectrometer equipped with a TCI cryoprobe.
The spectra were recorded at 25 ‘C, processed using
the Felix 2007 NMR software (www.felixnmr.com)
and analyzed with the Sparky NMR assignment and
integration software (www.cgl.ucsf.edu/home/sparky/).

NMR diffusion measurements were carried out with
an NMR sample (300 pL and approximately 1 mmol/L
containing 3 pL of 1% 4,4-dimethyl-4-silapentane-1-
sulfonic acid, DSS, used as an internal standard) by
using 1D 'H pulse gradient stimulated echo longitudinal
encode-decode (PG-SLED) experiment with saturation
of the water signal during relaxation delay™”. A spin
echo delay of 5 ms and a STE delay of 135 ms were
used. The data were analyzed using TopSpin 3.2 (Bruker,
MA, United States). Fitting the signal integrations from
amide and aromatic ring protons (approximately 6.4-9.4
ppm) and DSS(i) as a function of gradient strength (g)
to

i(g) = Ae™’

allowed to extraction the decay rates (d), which are
proportional to the diffusion coefficients D. The protein
hydrodynamic radius (R+""") was calculated according
to the equation:
thmt = dref(thef)/dprot (7)
where drr and R+™ are the decay rate and hydrodynamic
radius of a reference compound (DSS in the present
case), and dprot is the measured decay rate (diffusion
constant) of the protein. The hydrodynamic radii of
native or denatured proteins are estimated from the
number of residues, N, according to!*®!:
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with A = 4.75 and 2.21, and o = 0.29 and 0.57 for a
compactly folded and a completely denatured protein,
respectively. The effective hydrodynamic radius (Rn)
of DSS was calculated as 3.38 A from Rn: 18.4 A of
cytochrome ¢ from the previous NMR PFG diffusion
measurements (see Results).

RESULTS

AG6OHDAg is a monomer
We have previously reported that full-length S-HDAg is
able to form multimers in vitro, similar to the behavior
of S-HDAg present in viral particles™. Furthermore,
using PONDR-Fit, a Meta predictor of protein order
that combines six neural network programs we found
that, with the exception of the amino acid fragment
12-60, S-HDAg is intrinsically disordered. To address
the possibility that the disordered regions of the antigen
contribute to S-HDAg oligomerization, we focused here
on a construct that lacks the previously characterized
dimerization domain, A60HDAg (Figure 1).

To determine whether the truncated antigen has
a tendency to oligomerize, A6OHDAg was analyzed
by SDS-PAGE with and without prior glutaraldehyde
crosslinking. The non-crosslinked protein displayed a
well-defined single band and no changes in mobility
were observed when the recombinant protein was pre-
incubated with increasing amounts of glutaraldehyde
(Figure 2A), indicating that A60HDAg is monomeric in
solution. Although the truncated form of S-HDAg has
an estimated weight of 15 kDa, in SDS-PAGE analysis
the monomer appears to be a approximately 19 kDa
protein. The difference in molecular weight relates with
the reported observation that SDS-PAGE over estimates
the size of full-length S-HDAg™**”,
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To investigate whether the truncated protein can
form oligomers in the presence of full-length HDAg,
we combined both forms at a 1:1 molar ratio and
analyzed the mixture by SDS-PAGE, with and without
prior crosslinking. In the absence of crosslinking (Figure
2B, lane 1) both proteins are readily detected, one
with an apparent molecular weight of approximately
19 kDa and another with an apparent molecular
weight of approximately 28 kDa, corresponding to the
truncated and the full-length antigens, respectively.
When the protein mixture was crosslinked, levels of
monomeric full-length S-HDAg were reduced, forming
oligomers with higher molecular weight as increasing
concentrations of glutaraldehyde were present in the
mixture (Figure 2B, lanes 2-3). In contrast, levels of
monomeric truncated A60HDAg remained unchanged,
with no oligomerization observed. This result shows that
the intermolecular interaction occurs through the first 60
residues of S-HDAg, which includes the CCD, essential
for the oligomerization of the full-length protein.

CD analysis of AGOHDAg

It is thought that IDPs may confer evolutionary advan-
tages by allowing more flexible and diverse interactions
with other proteins and nucleic acids. Using PONDR-
Fit we have previously shown that, with the exception
of portions of the N-terminal CCD, S-HDAg is a largely
disordered protein®. The structured CCD domain is
involved in the formation of dimers and higher order
multimers that are believed to play important roles in
the HDV replication cycle. Indeed, by using program
VL3, the truncated version A60HDAg is also predicted
to be disordered. As shown in Figure 1 (middle panel),
disorder prediction of the truncated protein showed a
high disorder score of approximately 0.8%.

To investigate conformational preferences of the
C-terminal S-HDAg for residues 61-195 (A60HDAg), we
evaluated its secondary structure using CD spectroscopy.
This technique allows determination of the average
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Figure 2 S-HDAg and A60HDAg multimerization ability. In panels
A and B, purified recombinant protein was cross-linked with increasing
concentrations of glutaraldehyde (0%, 0.01% and 0.1%) prior to SDS-
PAGE. Proteins were detected by Coomassie blue staining. In panel
A, only purified AGOHDAg was present at 2 umol/L and in panel B both
S-HDAg and A60HDAg were present at 2 umol/L each. The arrow
indicates the presence high molecular weight oligomers.

secondary structure content of a protein in solution'.

Figure 3A shows the spectrum of the truncated recom-
binant protein exhibiting a strong negative peak around
208 nm and a weaker negative peak around 222
nm, very similar to that of the full-length protein®. A
strong negative CD peak at 222 nm is characteristic
of a-helical conformation and can be used to estimate
the helix content. However, the lack of reliable protein
concentration (there are no tryptophan and tyrosine
residues in this peptide) made this estimate inaccurate.
Nevertheless, the CD spectrum in Figure 3A clearly
indicates that the truncated A60HDAg is at least partially
helical rather than being fully disordered, as previously
predicted.

To determine the thermostability of the helical
conformation, we studied the thermal unfolding of A
60HDAg by monitoring the CD signal at 225 nm as a
function of temperature. As shown in Figure 3B, the
negative CD peak at 225 nm became less pronounced
with increasing temperature (10 'C-85 °C), indicating
that the protein undergoes thermal melting transition.
The signal measured upon cooling of the sample
followed a very similar trend with only slightly more
positive ellipticity at 225 nm, indicating that the
transition is almost completely reversible (> 98%). In
contrast to a-helical model peptides, which generally
undergo a gradual helix-coil transition upon heating,
the melting curve observed for A6OHDAg has a clear
sigmoidal character consistent with a cooperative
(two-state) thermal unfolding transition. Indeed,
we were able to quantitatively fit the data using the
Gibbs-Helmholtz equation, which parametrizes a two-
state thermal unfolding transition in terms of melting
temperature, Tm, enthalpy change at Tm, AH, and heat
capacity change, AG, (see Materials and Methods). The
value obtained for AH, 26 kcal/mol, is almost half of that
obtained for the small globular protein erythropoietin,
which has a similar amino acid length and is known to
undergo cooperative (two-state) unfolding transition.
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Figure 3 Circular dichroism spectrum and protein thermal stability measurement of AGOHDAg. A: Far-UV CD spectrum of approximately 10 umol/L protein
in 20 mmol/L potassium phosphate buffer, pH 6.3 at 25 C. A quartz cuvette with 1 mm pathlength was used. The spectrum is an average of five scans recorded in
the far-UV region (195-250 nm) with a band pass of 2 nm; B: Temperature dependence of ABOHDAg at approximately 15 umol/L. Change in ellipticity at 225 nm
upon increasing the temperature from 5 ‘C to 85 °C in 2 °C intervals was recorded. Two nanometer band width and a 2 mm quartz cuvette were used. Data average
and temperature equilibrate times were 1 s and 12 s, respectively. Solid lines are the nonlinear least squares fitting the experiment data (solid circles) to the Gibbs-
Helmholtz equation (see Materials and Methods). CD: Circular dichroism.
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Figure 4 Nuclear magnetic resonance spectra of N labeled A60HDAg. A: "H-"N HSQC of ABOHDAg recorded on a Bruker 600 MHz Avance II NMR instrument
at 25 "C with the standard Bruker pulse sequence: hsqcetfpf3gpsi. Four thousand and ninety-eight data points in 'H dimension and 256 increments in N dimension
were acquired; B: "H and "N heteronuclear NOE spectrum of AGOHDAg, superimposed on the normal "H-""N HSQC spectrum (gray contours). Heteronuclear NOE
spectrum was recorded with the Bruker pulse sequence: Hsqcnoef3gpsi. Positives and negatives are displayed in red and blue contours, respectively. Peaks from
glycines (boxed and labeled as 1 and 2 in the top of the spectra) are grouped.

NMR analysis of A6OHDAg that A60HDAg is not totally disordered and adopts a
The A60HDAg was also analysed by NMR. A 'H-"N non-random, dynamic, ensemble of interconverting
heteronuclear single quantum coherence (HSQC) conformations.
spectrum of purified A60HDAg is shown in Figure 4A. Furthermore, we used a pulsed-field gradient
This spectrum served as a “fingerprint” of the protein (PFG) diffusion NMR approach to determine the overall
as it contains a unique cross peak for the backbone dimension of the polypeptide chain. These experiments
NH of each non-proline residue. A peak count revealed yield translational diffusion coefficients and, indirectly,
that 124 out of a total of 131 non-proline residues the hydrodynamic radius (Rn) of a protein. Figure 5A
(142 residues minus 11 proline residues) gave rise to shows the intensity of a resolved methyl resonance of A
resolved cross peaks in the HSQC spectrum. However, in 60HDAg measured in a series of 1D NMR spectra as a
contrast to the spectrum of a totally disordered protein, function of gradient strength. The chemical shift marker
these cross-peaks are distributed over a relatively DSS was used as an internal reference.
broad range (7.2-9.2 ppm in 'H and 106-128 ppm in The effective hydrodynamic radius of DSS was
>N) being consistent with those of a typical globular measured in a separate control experiment relative
protein with a dominated helical conformation. Taken to that of cytochrome c for which an Rn of 17.8 A has
together, the results from both CD and NMR suggest been reported™®. A similar Rn, 18.4 A, was measured
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Figure 5 Nuclear magnetic resonance pulsed-field gradient diffusion measurements. A: NMR PFG diffusion measurements of A6GOHDAg, performed on a
Bruker 600 MHz Avance II. DSS (4 4-dimethyl-4-silapentane-1-sulfonic acid) was used as a reference. 'H pulse gradient stimulated echo longitudinal encode-decode
(PG-SLED) experiment with saturation of the water signal during the relaxation delay was used with a Bruker pulse sequence: Ledbpgppr2s, at 25 °C. A 14-ppm
'H spectral width was used. Gradient strength varied linearly from 0.963-45.7 g/cm. Solid line represents the result of fitting the experimental data to the diffusion
equation (see methods); B: NMR PFG diffusion measurements of cytochrome c, previously measured on a Bruker DMX 600 MHz at 25 ‘C. NMR: Nuclear magnetic

resonance; PFG: Pulsed-field gradient.

by dynamic light scattering (data not shown). The Rn
we obtained for A6OHDAg, 32.0 &, is larger than that
expected for a globular (folded) 142-residue protein
(20.0 R), but significantly smaller than the Rn of 37.2 &
expected for a fully unfolded protein of this size.

To identify any (partially) ordered regions within A
60HDAg, we recorded a steady-state 'H-°N (heteron-
uclear) Nuclear Overhauser Effect (NOE) spectrum.
Heteronuclear NOEs typically are strongly positive for a
folded protein and weak or negative for a fully disordered
protein™®l, If the protein is partially structured, however,
the residues in disordered regions such as flexible loops
or chain termini, undergo faster motion than the overall
tumbling of the molecules (picosecond to nanosecond
time scale). Thus, we expected the NOE peaks for
residues in disordered regions to be less intense or
of the opposite sign compared to those in structured
regions of the protein. The heteronuclear NOE spectrum
of A60HDAg (Figure 4B) shows 53 positive peaks with
chemical shifts distributed over the range from 7.7
to 9.2 ppm in the amide proton dimension, which we
assigned to relatively ordered regions of the protein (red
contours). Of the remaining 71 residues with resolved
peaks in the control HSQC spectrum (gray contours), 50
had negative 'H-">N NOEs (blue contours) and 21 were
undetectable. These residues undergo local motion on a
time scale that is fast relative to the rotational correlation
time that characterizes overall tumbling of the molecule.
The NH chemical shifts of these peaks fall within a
relative narrow range (7.8-8.6 ppm), and can thus be
assigned to residues in relatively disordered regions
of the protein. The sequence of A60HDAg contains 23
glycines, which are expected to exhibit cross peaks near
8.33 ppm in the proton dimension and 109.1 ppm in
the nitrogen dimension of the 'H-""N HSQC spectrum.
Interestingly, in the heteronuclear NOE spectrum of A
60HDAg (Figure 4B), the majority of glycine residues
(approximately 20) gave rise to weak or negative
peaks (gray or blue contours in box 1) while only three
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glycine cross-peaks were positive (red contours in box
2). This result indicates that most glycine residues
are in disordered regions of the molecule while only
three glycines are located in relatively ordered regions.
The sequence of A60OHDAg is especially rich in glycine
residues in segments outside the RNA binding domain
(RBD, residues 97-146, Figure 1 bottom). The RBD
comprises two potential RNA binding motifs, residues
97-107 (KERQDHRRRKA) and 136-146 (EDERRERRIAG).
Only 3 out of approximately 53 residues in the RBD
are glycines. When Agadir (http://agadir.crg.es/agadir.
jsp), an empirical algorithm based on the helix-forming
tendencies of peptides, was applied to A60HDAg
it provided a helix content of 62.2% at pH 7.0 and
5°C for the sequence containing residues 94-146.
The predicted helix content was highly temperature
dependent, dropping to 44.7% at 26 ‘C. After removing
the first three residues from the N-terminus, so that the
sequence only contained the two RNA binding motifs
and the linker (97-146), the estimated helix content
dropped to 48.84% at pH 7.0 and 5°C, and to 34.19%
at 25 C, indicating that the first three residues, FTD, are
important for stabilizing the helical conformation.

We also used NetSurfl.1 (http://www.cbs.dtu.dk/
services/NetSurfP/) to predict the protein secondary
structure. The result showed that the RBD has a high
propensity for a-helix formation while random coil
structure predominated in all other regions (Figure 1
middle). Furthermore, NetSurfl.1 calculation shows that
the RBD contains two helical segments, residues 96-117
and 124-142, respectively, with 30%-90% probability
for a-helical structure. The two helical segments are
linked by a six-residue, GGKSLS (positions 118-123),
loop with low (< 30%) helix propensity.

Nucleic acid binding ability of A6GOHDAg

In a previous work we have shown that full-length
S-HDAg can bind a variety of nucleic acids as a multi-
mer™, We reported no binding specificity in in vitro
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A60HDAG  Figure 6 Gel retardation assay. A: Binding of AGOHDAg to

HDV RNA. Purified recombinant AGOHDAg was incubated,
in standard pH 7.5 binding buffer, with 100 ng of HDV RNA
at increasing concentrations (0, 0.5, 1.5, and 3 pmol/L,
respectively). Left in each panel is a RNA marker (RiboRuler
High Range RNA Ladder, Fermentas); B and C: ABOHDAg
binding to DNA and HDV RNA, respectively. In panel B, 100
ng of dsDNA were incubated in standard pH 7.5 binding buffer,
with increasing concentrations of purified recombinant A
60HDAg (0, 2, 4, 6, 8, 10, and 12 umol/L). Panel C shows the
assay in binding buffer at pH 9.5. Recombinant AGOHDAg was
incubated with 100 ng of dsDNA, at different concentrations
(0, 2, 4, 6, 8,10, and 12 pumollL). In panel C, 100 ng of HDV
RNA was incubated, in standard pH 9.5 binding buffer, with
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conditions, as the full-length S-HDAg was able to
bind HDV RNA, non-HDV RNA and DNA from different
sources. In the present study we analyzed whether A
60HDAg is still capable of binding nucleic acids despite
of the absence of the N-terminal CCD domain, which is
responsible for antigen oligomerization.

We first assessed binding of A6OHDAg to RNA.
In vitro synthetized HDV RNA was incubated with
increasing amounts of recombinant A60OHDAg and
samples were resolved in gel retardation assays. Change
in mobility of the complexes was readily observed
even with the lowest concentration of A60OHDAg used
and responsive to increasing amounts of recombinant
truncated protein (Figure 6A), indicating that A6OHDAg
retains the capacity of binding to RNA.

Then, we analyzed binding of A6GOHDAg to DNA.
A 400-nucleotide PCR product was incubated with
increasing amounts of recombinant A60OHDAg and
samples were resolved in gel retardation assays. Since
A60HDAg has an estimated pI of 9.84 based on its
amino acid composition, we performed this assay at pH
7.5 but also at pH 9.5, closer to A6OHDAg pl. Thus, it
is expected that at higher pH the net charge of S-HDAg
is closer to neutral than at pH 7.5. Increasing amounts
of A6OHDAg led to a marked decrease in the amount of
free dsDNA molecules in both conditions (Figure 6B and
C), indicative of A6OHDAg-dsDNA complexes formation.
We conclude that, similarly to what was observed with
RNA, A60HDAg has also the capacity to bind dsDNA
molecules and that binding is not dependent on the
charge of the antigen.

DISCUSSION

S-HDAg is essential for HDV genomic RNA accumulation
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increasing concentrations of purified recombinant AGOHDAg (0,
0.5, 1, 1.5, and 2 pmol/L). HDV: Hepatitis delta virus.

in infected cells and plays a crucial role in the replication
cycle of the virus. This 195 amino acid protein is highly
promiscuous as it not only binds to HDV RNA to form
viral ribonucleoproteins, but also interacts with a myriad
of host factors'*®.. S-HDAg is predicted to be an IDP,
being consistent with many of its known characteristics,
such as high net positive charge, ability to bind several
partners and lack of enzymatic activity'”. The high level
of intrinsic disorder found in S-HDAg can explain the
difficulties encountered to determine its structure. So
far, only a peptide spanning the first 60 amino acids
has been crystallized and its structure determined™®.
Here, we focused on a truncated version of S-HDAg,
consisting of amino acids 61 through 195, lacking the
CCD involved in S-HDAg multimerization. Surprisingly,
our structural studies show that rather than being fully
disordered, A60HDAg adopts a relatively compact
ensemble of interconverting conformations with a
partially ordered RBD. Our results show that it is
possible to discriminate between ordered and disordered
regions of the protein by using CD, NMR, and secondary
structure prediction, without the need for laborious
sequence-specific NMR resonance assignments. We
show that the RNA binding domain of S-HDAg adopts a
dynamic helical conformation.

The N-terminal CCD motif of S-HDAg is involved in
oligomerization of the full-length protein. Consistently,
cross-linking experiments with A6GOHDAg show that the
truncated protein is unable to form homomultimers in
vitro. We also show that A6OHDAg does not interfere
with multimerization of full-length S-HDAg and that
multimerization of A6OHDAg is not enhanced by the
presence of full-length S-HDAg. Results from cross-
linking, and specially NMR PFG diffusion measurements,
show that overall dimensions are larger than those
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expected for a globular protein but smaller than those
of fully unfolded (random coil) protein of this size.
Thus, A60HDAg is a monomer under the experimental
conditions used.

Similar to what has been previously shown for full-
length S-HDAg, nucleic acid binding results show that
A60HDAg can bind not only RNA but also dsDNA.
Incubation of A6OHDAg with in vitro transcribed RNA
and dsDNA and further analysis of complex formation
followed by electrophoretic mobility shift assays
shows that this truncated protein, although failing to
oligomerize, still displays nucleic acid binding activity.
In vitro nucleic acid binding seems to be largely
unspecific as it binds RNA and DNA molecules used in
this study and RNA and DNA from other sources with
unrelated sequences (data not shown). Noteworthy,
when analyzing nucleic acid interactions with full-length
S-HDAg, there was a clear shift from the unbound to the
fully-bound state without any intermediate positions'”,
which most likely reflects binding of S-HDAg multimers
covering the whole sequence.

Earlier reported findings, using a different approach,
suggested that S-HDAg specifically binds HDV RNAs
with rod-like folding'**. Moreover, S-HDAg RNA-binding
specificity has also been recently reported when a
C-terminal deletion mutant of the antigen was used and
with requirements that the RNA must have a minimum
of approximately 300 nt of rod-like folding for binding
to occur™!, Interestingly, this report also cited that in
studies with full length S-HDAg no specificity for nucleic
acid binding was found. Thus, one could suggest that
some level of intrinsic disorder in the C-terminus may
compromise specific binding to HDV RNAs. Further-
more, more recently it was shown that binding of HDAg
to HDV RNA is not sequence specific but rather depends
on secondary structure features, internal loops and
bulges of the nucleic acid™®.

To get a deeper insight into the non-specific nucleic
acid binding ability of the protein, structural information
is also required. We used CD and NMR to characterize
measurable structural features in A6OHDAg. Disordered
protein regions with a measured propensity for helical
secondary structure have been found to act as pre-
formed molecular recognition elements. Although A
60HDAg is predicted to be extensively disordered,
the relative large chemical shift dispersion in both
proton and nitrogen in NMR HSQC spectrum indicates
that this is not the case. Moreover, the CD spectrum
further showed that A60HDAg has a measurable helical
content. In conjunction with the sequence analysis, the
heteronuclear NOE NMR experiment showed that the
RBD domain contained a dynamic helical conformation,
which is consistent with secondary structure prediction
of a helix-turn-helix RNA binding motif. In addition,
our study shows that qualitative NMR analysis such as
'H-N HSQC, heteronuclear NOE, and PFG diffusion
measurements, without need for laborious sequence-
specific resonance assignments, can provide insight
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into structural and dynamic properties, even for
disordered proteins. Such sequence-specific resonance
assignments are usually a challenge as a consequence
of peak overlap and live-width broadening due to
conformational exchange observed in the spectra.

Accumulated data indicate that disordered regions
in proteins are a common feature and may give rise
to important properties as plasticity and reversibility in
regulatory intermolecular interactions with their targets,
such as proteins and nucleic acids. The mediation of
IDR to binding can be achieved through interaction
with binding domains and stabilizing their dynamic
local structure upon interaction with their targets.
Such regulatory functions are frequently modulated by
post-translational modification in IDRs. These PTMs,
namely phosphorylation, methylation, acetylation, and
sumoylation, were reported for S-HDAg in different
motifs, including in disordered regions of the protein®®*?.,
Furthermore, modifications of S-HDAg are known to
mediate the subcellular localization of S-HDAg thus
facilitating its interaction with a broad number of cellular
targets including the enzymatic machinery involved in
the different steps of virus replication. Some of these
modifications, namely phosphorylation, were reported
to play important roles in the virus replication cycle,
including in the accumulation of virus RNAs™*?), In
addition, the plasticity of S-HDAg may form the basis
of interaction with a vast number of cellular partners,
inhibiting, redirecting or accelerating host metabolic
functions contributing to promote more acute and
adverse forms of the liver disease caused by HDV.

In conclusion, the information obtained in this study
provides structural basis for future understanding of the
non-selective nucleic acid binding property of S-HDAg.

The present in vitro studies show that a truncated
form of the Delta antigen no longer multimerizes but
still binds nucleic acids, although without specificity for
HDV rodlike RNA. The lack of specificity may partially
be due to an electrostatic interaction between the
positively charged protein and the negatively charged
nucleic acids, and mediated by the disordered regions.
However, the antigen is extensively phosphorylated in
vivo, which likely reduces its high net charge, limiting
the ability to be involved in non-specific electrostatic
interactions™.

These results pave the way for more detailed
future studies of structural properties of S-HDAg and
its interactions with nucleic acids and other cellular
partners.

COMMENTS

Background

Hepatitis delta virus small antigen (S-HDAg) is predicted to be an intrinsically
disordered protein that interacts with multiple cellular targets and plays a crucial
role in the virus replication cycle.

Research frontiers
Intrinsically disordered proteins exhibit high plasticity, and like S-HDAg, rarely
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display enzymatic activity and are often involved in nucleic acid binding. It is well
established that S-HDAg is necessary for accumulation of virus RNAs in infected
cells, but its structure and precise role in hepatitis delta virus (HDV) replication
cycle are still largely unknown.

Innovations and breakthroughs

The authors made use of circular dichroism and nuclear magnetic resonance
NMR, as well as gel retardation assays to study a truncated form of S-HDAg,
lacking the first 60 amino acids, that contain the dimerization and higher order
multimerization domain (A60HDAg). The authors concluded that AGOHDAg is
intrinsically disordered but compact and is not a multimer under the experimental
conditions used in this study. Moreover, AGOHDAg is still capable of nucleic acid
binding although without apparent specificity.

Applications

This study provides a structural basis for future understanding of the non-
selective nucleic acid binding property of S-HDAg. Furthermore, it opens the way
for more in-depth future investigations of structural properties of S-HDAg and its
interactions with nucleic acids and other cellular partners.

Terminology

IDP: Intrinsically disordered proteins lack an ordered conformation. They
may range from fully unstructured to partially structured including some well
characterized domains like random coils.

Peer-review

The manuscript by Alves et al describes the characteristics of the C-terminal
region of S-HDAg using a truncated form of this protein. The methods used in
this paper are straightforward.
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Abstract

AIM

To investigate the relationships among diverse metall-
oproteases (MMPs) and their tissue inhibitors (TIMPs)
and non-alcoholic liver fibrosis in human immuno-
deficiency virus (HIV)-infected patients.

METHODS

Single nucleotide polymorphisms (SNPs) in MMPs,
TNF-a and CCR5 genes, and serum levels of MMPs
and TIMPs were determined in HIV-infected individuals
with/out hepatitis C virus (HCV) coinfection. A total of
158 patients were included, 57 of whom were HCV-
coinfected. All patients drank < 50 g ethanol/day.
Diverse SNPs (MMP-1 -1607 1G/2G, MMP-8 -799C/T,
MMP-9 -1562 C/T, MMP-13 -774/G, TNF-a -308 G/A,
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CCR5-432), and serum levels of MMPs (2, 3, 8, 9 and
10) and TIMPs (1, 2 and 4) were assessed. Liver fibrosis
was determined by transient elastometry, although
other non-invasive markers of fibrosis were also con-
sidered. Significant liver fibrosis (F = 2) was defined by
a transient elastometry value = 7.1 kPa.

RESULTS

A total of 34 patients (21.5%) had liver fibrosis =
F2. MMP-2 and TIMP-2 serum levels were higher
in patients with liver fibrosis = F2 (P = 0.02 and P
= 0.03, respectively) and correlated positively with
transient elastometry values (P = 0.02 and 2 = 0.0009,
respectively), whereas MMP-9 values were negatively
correlated with transient elastometry measurements
(P = 0.01). Multivariate analyses showed that high
levels of MMP-2 (OR = 2.397; 95%CI: 1.191-4.827,
P = 0.014) were independently associated with liver
fibrosis = F2 in the patients as a whole. MMP-2 (OR
= 7.179; 95%CI: 1.210-42.581, P = 0.03) and male
gender (OR = 10.040; 95%CI: 1.621-62.11, P = 0.013)
were also independent predictors of fibrosis = F2 in the
HCV-infected subgroup. Likewise, MMP-2, TIMP-2 and
MMP-9 were independently associated with transient
elastometry values and other non-invasive markers of
liver fibrosis. None of the six SNPs evaluated had any
significant association with liver fibrosis = F2.

CONCLUSION

Certain MMPs and TIMPs, particularly MMP-2, seems to
be associated with non-alcoholic liver fibrosis in HIV-
infected patients with/without HCV coinfection.

Key words: Human immunodeficiency virus; Hepatitis
C virus; Liver fibrosis; Transient elastometry; Non-
invasive fibrosis markers; Metalloproteases; Their tissue
inhibitors; Genetic polymorphisms

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The role of matrix metalloproteases (MMPs)
and their tissue inhibitors (TIMPs) in the development
of liver fibrosis is uncertain. We determined some single
nucleotide polymorphisms (SNPs), as well as the serum
levels of diverse MMPs and TIMPs, in non-alcoholic,
human immunodeficiency virus-infected patients
with/out hepatitis C virus coinfection, to evaluate their
possible relationship with liver fibrosis as assessed
by transient elastometry. MMP-2 was independently
associated with significant fibrosis. Likewise, MMP-2,
TIMP-2 and MMP-9 were independent predictors of
transient elastometry values and of other non-invasive
tests of fibrosis. No SNP was significantly associated
with liver fibrosis. Our findings support the value of
these markers in the evaluation of fibrosis.

Collazos J, Valle-Garay E, Suarez-Zarracina T, Montes AH, Carton
JA, Asensi V. Matrix metalloproteases and their tissue inhibitors
in non-alcoholic liver fibrosis of human immunodeficiency virus-
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INTRODUCTION

Liver fibrosis is characterized by a pathological accumu-
lation of extracellular matrix (ECM), reflecting an
imbalance between enhanced matrix synthesis and
reduced breakdown of connective tissue proteins. ECM
degradation is mediated by matrix metalloproteases
(MMPs), a large family of zinc-dependent endopep-
tidases. Different levels of MMP regulation ensure the
constant remodeling of the ECM, including regulation at
the gene expression level, cleavage of the pro-enzyme
to an active form, and specific inhibition of activated
forms by tissue inhibitors (TIMPs)™?. The relevance of
MMPs for liver ECM remodeling is shown by the fact that
pro-MMP-2 and pro-MMP-9 are activated during rat liver
regeneration following hepatectomy and both MMPs
contribute to priming hepatocyte proliferation™. Different
genetic polymorphisms (SNPs) of MMPs and TIMPs
have been described. Some of them such as the MMP-1
-1607 1G/2G , MMP-3 -1612 5A/6A, MMP-9-1562 C/T
and MMP-13 -77 A/G are located in the MMPs genes
promoter region and induce changes in MMPs genes
mRNA and protein expression. These functional MMPs
SNPs are associated mostly with cardiovascular diseases,
but also with cancer and osteomyelitis susceptibility™!.
MMP-1, MMP-3 and MMP-9 SNPs have been associated
with progression of liver disease in hepatitis C virus
(HCV)-mono-infected Japanese patients'®. Carriage of
the MMP-3 -1612 5A/6 SNP 6A allele has been associated
with increased albumin-globulin ratios in HCV-infected
Mexican patients with advanced LF”). A MMP14 SNP has
also been associated with hepatocellular carcinoma®.

Different studies have shown a correlation between
TIMP-1, MMP-2 and MMP-9 serum levels and increased
LF in HCV-monoinfected and human immunodeficiency
virus (HIV)-HCV-coinfected individuals®®**. The Fibro-
check, a combination of direct and indirect markers for
LF stages in chronic hepatitis C, is constructed combining
collagen II and its degrading enzyme MMP-11*4,

The aim of this study was to investigate the relation-
ships among diverse MMPs SNPs, MMPs and TIMPs
serum levels and non-alcoholic LF, evaluated by means
of different non-invasive markers, in HIV-infected
patients with and without HCV coinfection.

MATERIALS AND METHODS

Study patients and data collection

A total of 158 patients from the Infectious Diseases
Outpatient Clinic of the Hospital Universitario Central de
Asturias, a third-level 1500-bed University Hospital at
Oviedo, Northwestern Spain, were included in the study.
Patients older than 18 years with active HIV or HIV-HCV
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coinfection, demonstrated by positive serology and viral
RNA plasma detection, were enrolled. Demographic,
analytical and clinical data, including ethanol and
drug consumption, were obtained from patients and
their medical charts at enrollment. In addition, we did
transient elastometry (TE) to determine the degree of
LF. Patients with alcohol abuse, defined as an ethanol
intake of = 50 g/d for > 5 years, were excluded.
Many patients were not aware of how long they were
HCV infected. In such cases, it was assumed that the
patients acquired HCV-infection one year after starting
intravenous drugs, as previously reported™. All patients
were receiving antiretroviral therapy (ART) at the time
of inclusion. All patients underwent standard care,
including routine non-invasive procedures. Patients were
members of a homogeneous Caucasian population, and
were residents in the same region (Asturias, Northern
Spain) that has a small foreign immigrant population
(less than 5%).

Exclusion criteria

Pregnant women and those individuals in whom there
were technical difficulties for obtaining reliable TE
readings were excluded from the study. In addition,
patients with an acute episode of cytolysis or cholestasis,
ascitis or spontaneous bacterial peritonitis were excluded
because TE reading could be altered by these factors!*”..
We also excluded patients who currently or previously
were treated with anti-HCV therapy and those who
had resolved their HCV infections spontaneously
(defined as positive serology but with undetectable HCV
RNA). Patients with ART adherence < 75% were also
excluded. To avoid other confounding factors, patients
with HBV coinfection with/out delta virus coinfection,
ethanol consumption = 50 g/d for > 5 years, alcoholic
hepatopathy, other liver diseases, or treatment with
immunosuppressant drugs, were excluded from the
study as well.

Laboratory methods

HIV and HCV serologies were determined by enzyme
immunoassay (MEIA AxSYM; Abbott Diagnostics,
Abbott Park, IL, United States). HIV and HCV RNA by
quantitative PCR (Cobas TagMan; Roche Diagnostics,
Branchburg, NJ, United States) and HCV genotypes by
a line probe assay (Versant HCV, Siemens). Routine
laboratory methods were used to calculate LF indexes:
AST and platelets for APRI index™®, age, platelet
counts, total cholesterol and GGT for calculating the
Forns index!”, and age, AST, ALT and platelet counts
for FIB-4"®, In addition, the Yearly Fibrosis Progression
Index (YFPI) was also calculated in HCV-infected
patients as follows: YFPI = TE value/years of estimated
HCV infection.

Transient elastometry
LF was assessed by TE using Fibroscan (EchoSens,

Paris, France) following pre-established methods™>*,
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Patients were divided into four groups according to TE
measurements, reflecting the progressive stage of LF
and analogous to the FO-1, F2, F3 and F4 histological
stages of the Metavir scoring system. The TE cut-offs
used for this purpose were those described by Castéra
et al*”: FO-1: < 7.1 kPa, F = 2: 7.1-9.4 kPa, F = 3:
9.5-12.4kPaand F =4 = 12.5 kPa.

MMPs and TIMPs serum levels assessment

Ten millilitres of whole blood were drawn in siliconized
glass tubes, and centrifuged at 1800 x g for 5 min.
The obtained serum was aliquoted in Eppendorf tubes
and stored at -70 'C until further use. MMPs (-2, -3,
-8, -9, -10) and TIMPs (-1,-2,-4) were measured by
the Quantibody™ Human MMP Array 1 (RayBiotech,
Parkway Lane, Norcross, GA, United States), according
to the manufacturer’s instructions and as previously
published by our group®™..

MMPs SNPs genotyping

DNA was obtained from peripheral white blood cells
and stored at -20 'C before use. The following SNPs of
MMPs were genotyped by PCR: MMP-1 (-1607 1G/2G,
rs 11292517), MMP-8 (-799 C/T, rs 11225395),
MMP-9 (-1562 C/T, rs 34016235), and MMP-13 (-77
A/G, rs 2252070). In addition the TNF-« (-308 G/A, rs
1800629) and the CCR5 A32 (rs 333) SNPs were also
genotyped. Oligonucleotide primer sequences, PCR
conditions and restriction enzymes used for genotyping
and sequencing of the different SNPs studied have been
described elsewhere®*' >,

Statistical analysis

As MMPs and TIMPs serum levels presented a
markedly non-Gaussian distribution, original values
were logarithmically transformed for analysis. The
reported values are the result of back-transformation
into the original units (ng/mL). Continuous variables
are presented as mean (95%CI). Proportions were
compared with the ;° test, whereas t test and one-way
analysis of variance were used for the comparison of
continuous variables in two or more than two groups,
respectively. Correlations between MMPs, TIMPs and LF
indexes were assessed with the Pearson’s correlation
coefficient. Stepwise logistic regression analyses were
carried out to find the factors independently associated
with significant LF, and stepwise multiple regressions
were performed to detect the parameters independently
predictive of the different LF indexes. SPSS v.22
software was used for statistical calculations. A P value
< 0.05 for a two-tailed test was considered statistically
significant.

RESULTS

The study population was composed of 158 HIV-
infected patients, 57 (36.1%) of whom were coinfected
with HCV. The mean age was 44.6 years, 65.8% were
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male, the mean CD4 counts were 581.5 cells/uL and
85.4% of them had undetectable HIV viral load. Thirty-
four patients (21.5%) had significant LF (= F2).

Table 1 shows the demographic, clinical and
laboratory data of the patients with and without LF =
F2, as well as the comparison between the two groups.
As expected, HCV infection and IDU were associated
with LF, but the estimated duration of HCV infection was
not. Regarding the HIV-related parameters, both nadir
and current CD4 counts were lower, and the duration of
HIV infection and time on ART higher in patients with
LF = F2 than in patients without LF. There were no
statistically significant differences in HIV or HCV viral
loads between the two groups, although there was a
trend towards higher HCV viral load and lower rates of
undetectable HIV viral load in the patients with LF. The
different HCV genotypes were similarly represented
in the two groups and there were no significant asso-
ciations between TE values and HCV genotypes (P =
0.5).

Not surprisingly, the laboratory parameters used
for the calculations of the LF indexes, such as platelet
count, cholesterol, AST, and GGT, differed significantly
between the LF groups. Regarding MMPs and TIMPs,
MMP-2 and TIMP-2 serum levels were significantly
higher in LF than in patients without LF.

Table 2 shows the genotypic frequencies of the SNPs
evaluated according to LF and HCV status. No genotype
or SNPs was significantly associated with any of the two
conditions.

The relationships of the SNPs and the LF markers
are detailed in Table 3. No statistically significant
association was found between the different SNPs and
the LF indexes, including TE, although patients carrying
the heterozygous CT genotype of the MMP-9 -1562 C/T
SNP had consistently higher values of all LF indexes
than those with the homozygous CC genotype. Table 4
shows the comparisons of the MMPs and TIMPs serum
levels according to the different SNPs. Statistically
significant differences were observed only between
MMP-8 -799C/T SNP and TIMP-2 (P = 0.01), MMP-9-
77A/G SNP and MMP-2 (P = 0.02) and TNF-a-308 G/A
SNP and TIMP-4 levels (P = 0.02).

Table 5 summarizes the correlations between the
different MMPs, TIMPs and LF indexes. There was a
good positive correlation among the different LF indexes
(P < 0.0001 for all comparisons). Likewise, the diverse
fibrosis indexes correlated positively with MMP-2 (P =
0.02 to P = 0.06) and TIMP-2 (P = 0.08 to P < 0.0001)
and negatively with MMP-9 (P = 0.2 to P = 0.01). Also,
the different MMPs and TIMPs correlated among them.
There were strong correlations between MMP-8 levels
and levels of MMP-9 and TIMP-1, and between MMP-9
and TIMP-1 levels (P < 0.0001 for each comparison),
which explained about a half of the variability of their
values.

Multivariate analyses
The variables with a P < 0.2 significance level in the
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univariate analyses were entered into the different
multivariate models for LF evaluation, excluding the
parameters directly indicative of LF and the laboratory
tests used for their calculations.

Stepwise logistic regression analyses revealed that
high serum levels of MMP-2 (OR = 7.179; 95%CI:
1.210-42.581, P = 0.03) and male gender (OR =
10.040; 95%CI: 1.621-62.11, P = 0.013) were indepen-
dent predictors of fibrosis = F2 in the HCV-infected
subgroup. In the patients as a whole, only MMP-2 (OR
= 2.397, 95%CI: 1.191-4.827, P = 0.014) was indepen-
dently associated with LF = F2, whereas gender was
close to the significance level (P = 0.08).

Multiple regression analyses were also carried out
to evaluate the factors independently associated with
each of the five LF indexes (TE, APRI, Forns, FIB-4, and
YFPI). Among the different variables considered, only
five factors (MMP-2, TIMP-2, MMP-9, CD4 counts and
age) explained the diverse markers evaluated. MMP-2
was the parameter most consistently predictive of these
indexes. Table 6 shows the P values corresponding to
these associations, as well as the adjusted percentage
of variability of each LF index accounted for by the
model.

The SNPs we evaluated did not have any significant
association in the multivariate analyses with either LF =
F2 or any of the different LF indexes analyzed.

DISCUSSION

We found that serum MMP-2 was an independent
predictor of non-alcoholic LF = F2 in HIV-infected
patients, as evaluated by TE. In addition, higher serum
levels of MMP-2 and TIMP-2, as well as lower levels
of MMP-9, were also predictive of higher scores of the
diverse laboratory-derived indexes commonly used
to measure the degree of LF. Taking into account that
these LF indexes are calculated by means of different
parameters, the consistent association of these MMPs
and TIMPs with each of them reinforces our findings
and the value of these MMPs and TIMPs as additional
markers of LF. Our results agree with those of Macias
et al"® that found an association of serum MMP-2 with
LF measured by liver biopsy in 90 HIV-HCV-coinfected
Spanish patients. These authors suggested that the
combination of AST, platelet count and serum MMP-2
levels is a biochemical surrogate marker for LF = F2.
We did not observe any association between
serum TIMP-1 and LF, or any of the multiple fibrosis
indexes studied, as was reported by others studying
heterogeneous aspects related to fibrosis in HCV-
monoinfected or HIV-HCV-coinfected individuals®*,
On the contrary, we found an independent association
of serum MMP-2, MMP-9 and TIMP-2 with diverse LF
indexes. We did not measured serum MMP-1, which was
associated with LF in HCV-mono-infected individuals in
another study and was included in the Fibro-check!**,
We did not find any statistically significant asso-
ciation between LF and the different SNPs evaluated,
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Table 1 Demographic, clinical and laboratory characteristics of the patients, according to the existence or not of significant liver fibrosis (= F2)

All patients (7 = 158) No fibrosis (7 = 124) Fibrosis (n = 34) P value
Demography, epidemiology, anthropometry and habits
Age (yr) 44.56 (43.20-45.92) 44.50 (42.93-46.07) 44.79 (41.96-47.63) 0.9
Male, 1 (%) 104 (65.8) 78 (62.9) 26 (76.5) 0.14
Weight (kg) 65.17 (62.88-67.46) 64.46 (61.72-67.20) 67.76 (64.03-71.50) 0.24
Height (cm) 164.4 (160.6-168.2) 163.4 (158.5-168.2) 168.2 (166.2-170.2) 0.3
Body mass index (kg/m’) 23.58 (23.10-24.05) 23.48 (22.95-24.01) 23.90 (22.75-25.0.6) 0.5
Tobacco smokers, 1 (%) 105 (66.5) 78 (62.9) 27 (79.4) 0.07
Cannabis use, 1 (%) 38 (24.1) 22 (17.7) 16 (47.1) 0.0004
Alcohol intake, 1 (%)" 55 (35.0) 43 (34.7) 12 (36.4) 0.9
IDU, n (%) 58 (36.9) 29 (23.6) 29 (85.6) <0.0001
Men who have sex with men, 1 (%) 28 (17.8) 27 (22.0) 1(2.9) 0.01
Heterosexual, 1 (%) 67 (42.7) 63 (51.2) 4 (11.8) <0.0001
Transfusion, 1 (%) 4(2.5) 4(3.3) 0 (0.0) 0.3
HIV-related parameters
Current CD4 counts (cells/uL) 581.5 (533.0-630.1) 612.3 (555.8-668.8) 469.6 (383.7-555.4) 0.017
Nadir CD4 counts (cells/pL) 201.8 (176.5-227.1) 213.4 (183.4-243.4) 159.7 (116.7-202.6) 0.04
CD4 gain (cells/pL) 379.7 (334.4-425.0) 399.0 (345.4-452.6) 309.9 (231.4-388.4) 0.11
Undetectable HIV viral load, 1 (%) 135 (85.4) 109 (87.9) 26 (76.5) 0.09
HIV viral load (log copies/mL)* 2.996 (2.556-3.434) 2.991 (2.407-3.575) 3.006 (2.173-3.840) 0.97
Years of HIV infection 11.93 (11.12-12.73) 11.31 (10.39-12.22) 14.19 (12.70-15.68) 0.003
Months on antiretroviral therapy 114.3 (106.8-121.8) 109.9 (101.3-118.5) 130.2 (115.0-145.3) 0.03
CDC clinical stage, n (%)
A 84 (53.5) 65 (52.8) 19 (55.9) 0.07
B 23 (14.6) 22 (17.9) 1(29)
C 50 (31.8) 36 (29.3) 14 (41.2)
HCV-related parameters
HCV infection, 7 (%) 57 (36.1) 25 (20.2) 32 (94.1) < 0.0001
HCV viral load (log copies/mL) 5.745 (5.504-5.985) 5.524 (5.085-5.964) 5.915 (5.649-6.181) 0.11
Years of HCV infection 22.46 (20.71-24.21) 21.84 (18.96-24.72) 22.94 (20.65-25.23) 0.5
HCV genotype, n (%)
1 31 (54.4) 14 (56.0) 17 (53.1) 0.7
2 2(1.3) 1 (4.0) 1(3.1)
3 15 (23.6) 5 (20.0) 10 (31.3)
4 9 (15.8) 5 (20.0) 4 (12.5)
Liver fibrosis parameters
Transient elastometry (kPa) 7.53 (5.99-9.06) 4.65 (4.45-4.85) 18.02 (11.93-24.10) <0.0001
APRI 0.633 (0.511-0.756) 0.385 (0.346-0.423) 1.541 (1.093-1.989) <0.0001
Forns 4.412 (4.116-4.707) 3.990 (3.734-4.246) 5.949 (5.095-6.802) 0.0001
FIB-4 1.475 (1.249-1.700) 1.088 (0.985-1.191) 2.884 (2.031-3.736) 0.0002
YFPI’ 0.584 (0.416-0.752) 0.281 (0.222-0.340) 0.821 (0.548-1.095) 0.0004
Degree of liver fibrosis, 1 (%)
FO-F1 124 (78.5) 124 (100) 0 (0.0 <0.0001
F2 15 (9.5) 0(0.0) 15 (44.1)
F3 10 (6.3) 0(0.0) 10 (29.4)
F4 9(5.7) 0 (0.0 9 (26.5)
Laboratory parameters
Platelet count (/pL) 222570 (211690-233450) 236750 (225410-248090) 169270 (147220-191330) <0.0001
Glucose (mg/dL) 98.54 (95.25-101.84) 98.00 (94.62-101.38) 100.66 (90.92-110.39) 0.5
Total cholesterol (mg/dL) 195.01 (188.51-201.51) 201.0 (193.8-208.3) 173.0 (160.6-185.4) 0.0004
HDL cholesterol (mg/dL) 49.33 (46.88-51.78) 49.42 (46.95-52.29) 48.25 (42.02-54.48) 0.7
LDL cholesterol (mg/dL) 110.73 (104.68-116.77) 116.97 (110.22-123.72) 87.53 (76.91-98.16) 0.0001
Triglycerides (mg/dL) 199.79 (170.08-229.50) 189.0 (157.5-220.5) 241.7 (161.4-322.0) 0.22
AST (UI/mL) 40.89 (36.01-45.78) 30.72 (28.30-33.13) 78.00 (62.01-93.99) <0.0001
ALT (UI/mL) 47.82 (40.54-55.09) 36.91 (32.03-41.79) 87.59 (62.16-113.02) 0.0003
AST/ALT ratio 1.011 (0.949-1.074) 0.993 (0.927-1.059) 1.079 (0.913-1.246) 0.3
GGT (UI/mL) 83.95 (66.61-101.29) 59.73 (48.40-71.07) 174.21 (110.61-237.81) 0.001
Alkaline phosphatase (UI/mL) 91.87 (85.09-98.65) 90.72 (83.22-98.23) 98.31 (81.46-115.17) 04
MMP-2 (ng/mL) 0.538 (0.442-0.654) 0.482 (0.387-0.600) 0.867 (0.579-1.300) 0.02
MMP-3 (ng/mL) 15.00 (13.24-17.01) 14.36 (12.47-16.54) 17.77 (14.45-23.49) 0.18
MMP-8 (ng/mL) 0.031 (0.023-0.041) 0.029 (0.021-0.039) 0.040 (0.020-0.078) 04
MMP-9 (ng/mL) 22.49 (18.81-26.90) 23.19 (19.00-28.31) 19.94 (13.01-30.58) 0.5
MMP-10 (ng/mL) 2.50 (1.66-3.75) 2.163 (1.487-3.145) 5.077 (0.938-27.469) 0.12
TIMP-1 (ng/mL) 50.56 (45.58-56.08) 50.84 (45.43-56.88) 49.49 (37.71-64.94) 0.8
TIMP-2 (ng/mL) 8.23 (7.16-9.46) 7.62 (6.59-8.80) 11.15 (7.55-16.45) 0.03
TIMP-4 (ng/mL) 0.040 (0.030-0.054) 0.037 (0.027-0.051) 0.054 (0.026-0.110) 0.3

"Less than 50 g/d; Only if detectable; *YFPI: Yearly fibrosis progression index (only in HCV-infected patients), calculated as transient elastometry value divided into
the years of estimated HCV infection. Values are expressed as mean (95%CI) or n (%) as appropriate. IDU: Intravenous drug use. MMP: Matrix metalloprotease;
HCV: Hepatitis C virus; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; APRI: AST to Platelet Ratio Index; FIB-4: Fibrosis-4 index; HDL: High-
density lipoprotein; LDL: Low-density lipoprotein; GGT: Gamma-glutamyl transpeptidase; TIMP: Tissue inhibitor of metalloprotease.
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F2 and hepatitis C virus status

SNP Genotype No fibrosis n (%) Fibrosisn (%) P value  HIV mono-infected 7 (%) HIV/HCV coinfected n (%) P value
MMP-1-1607 1G/2G 1GI1G 14 (20.3) 4 (16.7) 0.9 9 (16.1) 9 (24.3) 0.6
1G2G 13 (18.8) 5 (20.8) 12 (21.4) 6 (16.2)
2G2G 42 (60.9) 15 (62.5) 35 (62.5) 22 (59.5)
MMP-8 -799C/T cc 30 (27.0) 6(22.2) 0.6 25 (26.3) 11 (25.5) 1
CT 47 (42.4) 10 (37.0) 39 (41.1) 18 (41.9)
TT 34 (30.6) 11 (40.8) 31 (32.6) 14 (32.6)
MMP-9 -1562 C/T cc 78 (81.2) 28 (84.8) 0.6 61 (83.6) 45 (80.4) 0.6
CT 18 (18.8) 5 (15.2) 12 (16.4) 11 (19.6)
TT 0 (0.0) 0 (0.0) 0 (0.0) 0(0.0)
MMP-13 -77A/G AA 89 (74.8) 21 (61.8) 0.14 70 (72.9) 40 (70.2) 0.7
AG 30 (25.2) 13 (38.2) 26 (27.1) 17 (29.8)
CE 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
TNF- -308 G/A AA 11 (11.3) 4 (11.8) 05 7 (9.5) 8 (14.0) 0.7
AG 62 (63.9) 18 (52.9) 46 (62.1) 34 (59.6)
GG 24 (24.7) 12 (35.3) 21 (28.4) 15 (26.3)
CCR5-432 wt/wt 96 (80.0) 30 (88.2) 0.27 77 (79.4) 49 (86.0) 0.3
wt/432 24 (20.0) 4 (11.8) 20 (20.6) 8 (14.0)
432/432 0 (0.0 0(0.0) 0 (0.0 0 (0.0

SNP: Single nucleotide polymorphisms; HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; MMP: Matrix metalloprotease.

Table 3 Liver fibrosis indexes according to the single nucleotide polymorphisms genotypes

SNP Genotype Transient elastometry YFPI' APRI Forns FIB-4
MMP-1 -1607 1G/2G 1G1G 5.583 (4.600-6.567) 0.346 (0.215-0.477) 0.693 (0.192-1.195) 3.719 (2.860-4.579) 1.317 (0.723-1.911)
1G2G 5.911 (4.649-7.174) 0.470 (0.250-0.691) 0.488 (0.307-0.670) 4.253 (3.430-5.077) 1.092 (0.859-1.324)
2G2G 8.781 (5.585-11.977) 0.689 (0.378-1.001) 0.675 (0.453-0.897) 4.390 (3.914-4.867) 1.479 (1.097-1.862)
P value 0.3 0.3 0.7 0.4 0.5
MMP-8 -799C/T cC 6.644 (3.736-9.553) 0.633 (0.074-1.193) 0.615 (0.411-0.819) 4.510 (3.920-5.099) 1.461 (1.058-1.864)
cT 5.628 (5.060-6.196) 0357 (0.275-0.439)  0.453 (0.347-0559) 4126 (3.701-4.551)  1.145 (1.014-1.277)
T 7.729 (4.540-10.918) 0.671 (0.376-0.965) 0.768 (0.447-1.088) 4.407 (3.825-4.989) 1.603 (1.081-2.125)
P value 04 0.19 0.1 0.5 0.15
MMP-9 -1562 C/T cc 7.540 (5.810-9.269) 0527 (0.361-0.694)  0.612 (0.475-0.749) 4370 (4.024-4717)  1.404 (1.163-1.645)
CT 11.178 (4.093-18.264) 0.833 (0.229-1.437) 0.867 (0.412-1.323) 5.083 (4.024-6.142) 2.043 (1.044-3.041)
TT - - - - -
P value 0.14 0.16 0.16 0.11 0.065
MMP-13 -77A/G AA 7.217 (5.654-8.780) 0535 (0.358-0.712)  0.623 (0.480-0.766) 4352 (3.993-4711)  1.462 (1.185-1.738)
AG 8.721 (4.646-12.798)  0.700 (0.291-1.109)  0.698 (0.426-0.970) 4588 (3.998-5.177)  1.553 (1.109-1.998)
GG - - - - -
P value 0.4 0.4 0.6 0.5 0.7
TNF-« -308 G/A AA 10.073 (1.300-18.849) 0.656 (0.132-1.180) 0.693 (0.135-1.250) 4.331 (3.280-5.383) 1.584 (0.693-2.475)
AG 8.086 (5.779-10.394) 0.552 (0.336-0.767) 0.675 (0.495-0.855) 4.603 (4.174-5.033) 1.575 (1.210-1.940)
GG 7.514 (4.623-10.404) 0.620 (0.228-1.012) 0.701 (0.405-0.997) 4.221 (3.513-4.929) 1.466 (1.021-1.910)
P value 0.7 0.9 0.99 0.6 0.9
CCR5-432 wt/wt 7.852 (5.998-9.707) 0.590 (0.399-0.783) 0.664 (0.525-0.803) 4.439 (4.102-4.775) 1.513 (1.264-1.762)
wt/A432 6.521 (4.109-8.934) 0.545 (0.232-0.858) 0.539 (0.230-0.847) 4.391 (3.684-5.098) 1.335 (0.699-1.971)
432/432 . . . . .
P value 0.5 0.9 0.4 0.9 0.6

'YFPI: Yearly fibrosis progression index (only for HCV-infected patients); SNP: Single nucleotide polymorphisms; MMP: Matrix metalloprotease. Values are
expressed as mean (95%CI) in ng/mL; APRI: AST to Platelet Ratio Index; FIB-4: Fibrosis-4 index.

although patients carrying the heterozygous CT
genotype of the MMP-9 -1562 C/T SNP had consistently
higher values of all LF indexes than those with the
homozygous CC genotype. Okamoto et al'® reported
an association of MMP-1- 1607 1G/2G, MMP-3 -1612
5A/6 and MMP-9 -1562 C/T, SNPs with LF progression
measured by biochemical markers or liver biopsy in
HCV-monoinfected Japanese patients. Sanchez-Parada
et al”? found that TGBFB1 +915 C/G (rs 1800471)
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SNP carriage was associated with severity of hepatic
necroinflammation and LF in HCV-mono-infected
Mexican patients. In addition, the same authors
reported an association between MMP-3 -1612 5A/6
SNP 6A allele carriage and an increase in the albumin-
globulin ratio, as a surrogate marker of LF. The ethnic
background of our patients was different from those
of previous reports, and the relatively small sample
size of our HIV-HCV-coinfected population could
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Table 4 Metalloproteases and their tissue inhibitors according to the single nucleotide polymorphisms genotypes

SNP Genotype ~ MMP-2 MMP-3 MMP-8 MMP-9 MMP-10 TIMP-1 TIMP-2 TIMP-4
MMP-1 -1607 1G1G 0379 16.69 0.035 19.93 1.782 41.73 6.79 0.031
1G/2G (0.195-0.736)  (11.00-25.33)  (0.013-0.095) (11.59-34.28) (0.350-9.071) (30.87-56.42)  (4.52-10.21) (0.010-0.091)
1G2G 0.803 19.87 0.041 2235 1.451 54.07 7.30 0.047
(0.409-1575)  (1513-2610) (0.012-0.134) (13.37-37.36) (0417-5.047) (39.44-7414)  (4.49-11.87) (0.020-0.113)
2G2G 0.609 14.72 0.027 23.65 3345 50.34 839 0.032
(0.449-0.826)  (11.57-18.73) (0.017-0.042) (17.07-32.76) (1.512-7.399) (42.16-60.10)  (6.54-10.76) (0.019-0.053)
P value 018 0.4 07 0.9 05 04 0.6 07
MMP-8 799C/T cc 0.655 15.96 0.048 29.93 4650 61.60 11.67 0.041
(0473-0908)  (12.94-19.68)  (0.025-0.090) (19.94-4494) (1.354-1597) (49.94-7599)  (8.59-15.85) (0.023-0.073)
cT 0568 13.05 0.031 21.30 2179 4717 671(550-818)  0.035
(0.409-0.787)  (10.22-16.65)  (0.018-0.054) (1550-29.28) (1.201-3.953)  (38.80-57.34) (0.021-0.058)
TT 0432 16.66 0.020 18.86 1.623 47.75 8.12 0.050
(0.280-0.668)  (13.35-20.81)  (0.015-0.027) (14.03-2537) (0.938-2.808) (40.75-55.94)  (5.89-11.20) (0.030-0.084)
P value 0.3 03 0.09 0.17 0.17 011 0.01 0.6
MMP-91562C/T  CC 0.495 1542 0.034 2239 2405 5223 839(7.189.80)  0.037
(0385-0.637)  (1311-1814) (0.024-0.049) (17.79-2819) (1.462-3.957) (46.17-59.07) (0.026-0.053)
cT 1.031 18.15 0.020 2297 5.960 46,55 818 0.058
(0.853-1.246)  (13.99-23.54) (0.008-0.047) (14.77-35.71) (0.666-53.34) (33.82-64.07)  (4.40-1521) (0.025-0.137)
TT = = . . . . . .
P value 0.02 03 02 09 02 04 09 03
MMP-13 77A/G AA 0522 15.62 0.030 23.06 2337 53.30 8.54 0.050
(0419-0.650)  (1347-18.13)  (0.022-0.041) (18.64-2854) (1.380-3.957) (47.05-60.38)  (7.21-10.12) (0.036-0.069)
AG 0.683 14.37 0.037 22.96 2.685 48.10 8.07 0.031
(0458-1.017)  (11.10-1859) (0.019-0.071) (16.01-32.93) (1.215-5.931) (39.30-58.88)  (6.09-10.68) (0.016-0.058)
@e = = . . . . . .
P value 022 0.6 0.6 0.98 08 04 07 0.14
TNF- 308 G/A AA 0.730 21.40 0.039 17.42 0.804 57.25 1314 0111
(0325-1.639)  (14.72-31.13) (0.010-0.156)  (8.16-37.21)  (0.369-1.755) (37.28-87.92)  (8.72-19.80) (0.054-0.227)
AG 0.558 14.65 0.031 2341 4460 51.62 839 0.043
(0429-0727)  (11.96-17.95)  (0.020-0.050) (17.78-30.83) (2.097-9.486) (43.92-60.66)  (6.71-10.48) (0.028-0.064)
GG 0453 16.54 0.027 23.62 1.998 4663 7.04(536:926)  0.023
(0281-0732)  (13.36-2047) (0.018-0.040) (17.25-32.34) (0.879-4.542)  (39.84-54.59) (0.012-0.045)
P value 0.4 0.24 038 07 0.065 0.6 01 0.02
CCR5-432 wtfwt 0.601 15.75 0.031 2155 2441 5072 8.10(6.95-945)  0.041
(0484-0.747)  (13.71-18.09)  (0.022-0.043) (17.50-2653)  (1.482-4.020)  (44.83-57.38) (0.029-0.057)
wt/432 0431 13.64 0.032 27.15 2662 52.01 9.4 0.043
(0.286-0.652)  (9.87-18.85))  (0.020-0.051) (1855-39.73) (1.222-5.801) (42.66-6342) (6.49-13.72) (0.021-0.088)
432/432 - - - - - - - -
P value 015 04 09 03 09 09 04 09

SNP: Single nucleotide polymorphisms; MMP: Matrix metalloprotease. Values are expressed as mean (95%CI) in ng/mL. APRI: AST to Platelet Ratio Index;

FIB-4: Fibrosis-4 index; TIMP: Tissue inhibitor of metalloprotease.

perhaps explain these discrepant findings. We did
not genotype the TGBFB1 +915 C/G nor the MMP14
[-1658 (rs100349), +7096 (rs2236307) and + 8153
(rs3751489)] SNPs that have been associated with LF
and hepatocellular carcinoma in HCV-monoinfected
patients of Mexican and Chinese extraction””®..

We found that male gender was independently
associated with LF in HIV-HCV coinfection. This
association was already described by our group in
another cohort of patients’®!, and appears to be at
least partially due to hormonal issues. In this regard,
experimental studies in rats have shown the beneficial
effects of estradiol administration on LF through diverse
mechanisms*> >,

Limitations to our study include those inherent to
cross-sectional studies and the relatively small number
of patients with LF = F2. The relatively small sample
size might affect especially the genetic testing results.
However, the sample size was large enough to find
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significant associations between LF and MMPs, TIMPs
and other factors, and our findings on the independent
relationships of MMPs and TIMPs with the diverse LF
markers evaluated were highly consistent and support
the reliability of our results.

A possible reason for the small numbers of patients
with LF = 2 is the exclusion of alcoholics from this
study. We used a definition of alcohol abuse based
on an ethanol exposition = 50 g/d for > 5 years
previously used by others and us™”. This alcohol
consumption equates to approximately 3.5 drinks per
day using standard drinks in the United States. Other
authors reduced the alcohol abuse to = 40 g/d for > 5
years!'?). We consider that this discrepancy might play a
minor role in our study considering that only 34 patients
(21.5% of the total) had LF = F2 and 32 of them had
HIV-HCV coinfection.

We conclude that some MMPs and TIMPs, such as
MMP-9, TIMP-2 and especially MMP-2, are associated

May 12,2017 | Volume 6 | Issue2 |



Collazos J et a/. MMPs and liver fibrosis in HIV

Table 5 Correlations among metalloproteases, their tissue inhibitors and liver fibrosis parameters

MMP-3 MMP-8 MMP-9 MMP-10 TIMP-1 TIMP-2  TIMP-4 TE YFPI APRI Forns FIB-4
MMP-2 0.19 0.21 (0.02) 0.21 (0.02) 0.20 (0.09) 0.29 (0.002) 0.29 0.35 0.23 0.30 0.20 (0.03) 0.19 (0.04) 0.20 (0.03)
(0.04) (0.002) (0.0002) (0.016) (0.058)
MMP-3 0.29 0.30 0.15 (0.19) 0.33 0.27 0.38 (< 0.09 (0.3) 0.001 0.16 (0.06) 0.16 (0.06) 0.10 (0.24)
(0.0006) (0.0006) (0.0001) (0.002) 0.0001) (0.99)
MMP-8 0.69 0.25 (0.02) 0.71 0.40 0.24 (0.005) -0.02 (0.8) -0.15(0.3) -0.01(0.9) 0.03 (0.8) -0.03 (0.7)
(< 0.0001) (<0.0001) (< 0.0001)
MMP-9 0.21 (0.06) 0.71 0.16 (0.06) 0.21 (0.01) -0.21 (0.01) -0.32 -0.17 -0.11 (0.2) -0.20 (0.02)
(< 0.0001) (0.02) (0.047)
MMP-10 0.12 (0.3) 0.22 0.11(0.3) 0.01(0.9) -0.09(0.7) 0.12(0.3) -0.08(0.5) -0.03 (0.8)
(0.051)
TIMP-1 0.40 0.39 0.02 (0.8) -0.04 (0.8) -0.02(0.8) 0.07(0.4) 0.01(0.9)
(<0.0001) (< 0.0001)

TIMP-2 0.33 0.28 0.25 (0.08) 0.35 0.20 0.36
(0.0001) (0.0009) (<0.0001)  (0.018) (< 0.0001)
TIMP-4 0.11(0.2) 0.03(0.8) 0.14(0.12) 0.06 (0.5) 0.19 (0.03)

TE 0.94 0.75 0.59 0.82
(<0.0001) (<0.0001) (<0.0001) (< 0.0001)

YFPI 0.63 0.51 0.74
(<0.0001) (0.0001) (< 0.0001)

APRI 0.55 0.90
(< 0.0001) (< 0.0001)

Forns 0.67
(< 0.0001)

Values are expressed as r (P value). MMP: Matrix metalloprotease; HCV: Hepatitis C virus; TE: Transient elastometry; YFPI: Yearly fibrosis progression
index (only for HCV-infected patients); TIMP: Tissue inhibitor of metalloprotease.

Table 6 Independent predictors of different fibrosis indexes

TE APRI Forns FIB-4 YFPI
Higher MMP-2 levels 0.001 0.0001 0.03 0.0009 0.004
Higher TIMP-2 levels 0.016 0.0001 0.024 0.0002 -
Lower MMP-9 levels 0.023 0.016 - 0.03 0.043
Lower current CD4 counts - 0.032 0.037 0.043 -
Older age - - 0.004 0.05 -
% of the index accounted for by the model 20.00% 35.30% 23.30% 33.50% 20.70%

Numbers represent P values. HCV: Hepatitis C virus; MMP: Matrix metalloprotease; TE: Transient elastometry; YFPI: Yearly fibrosis progression index (only
for HCV-infected patients); APRI: AST to Platelet Ratio Index; TIMP: Tissue inhibitor of metalloprotease.

with non-alcoholic LF and diverse fibrosis markers in
HIV-infected patients with and without HCV coinfection.
The determination of these parameters could be useful
for the development of other laboratory-derived indexes
of LF in order to improve the accuracy of the current
non-invasive tests. On the contrary, the SNPs evaluated
did not significantly associate with LF in our Caucasian
cohort, although this aspect needs to be confirmed by
other studies with larger sample sizes and, perhaps,
with patients of different ethnic extraction, taking into
account the trend that we observed with the MMP-9
1562 SNP.
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Background

Liver fibrosis reflects an imbalance between extracellular matrix synthesis
and reduced breakdown of connective tissue proteins, which is regulated by
matrix metalloproteases (MMPs) and their tissue inhibitors (TIMPs). Genetic
polymorphisms (SNPs) of MMPs and TIMPs induce changes in MMPs genes
mRNA and protein expression. However, the role of MMPs, TIMPs and their
SNPs in the development of liver fibrosis and their usefulness for the evaluation
of fibrosis in clinical practice are uncertain.

Research frontiers

Some studies have inconsistently found a relationship between liver fibrosis
and certain MMPs, TIMPs and SNPs in hepatitis C virus (HCV)-monoinfected
and human immunodeficiency virus (HIV)-HCV-coinfected individuals, although
the issue is far from clear. The topic is important, not only to support a possible
pathogenic role of these substances and their genetic polymorphisms in
the generation of fibrosis, but also to define the possible value of these
determinations in the evaluation of the degree of fibrosis, which could be useful
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to clinicians involved in the care of these patients.

Innovations and breakthroughs

Excessive alcohol intake, a common habit among intravenous drug users, most
of whom are also coinfected with HCV, is a cause of liver disease, and the
influence of MMPs, TIMPs and their SNPs might vary according to the etiology
of liver fibrosis. Consequently, the authors excluded patients with excessive
alcohol intake, to minimize the possible confounding factor of multiple etiologies
of fibrosis. On the other hand, non-invasive methods of measurement of liver
fibrosis, mainly transient elastometry, are replacing liver biopsy in the evaluation
of the degree of fibrosis. Therefore, the authors have also analyzed the
relationships of these substances with multiple fibrosis indexes, in order to verify
the consistence of such relationships from the perspective of different fibrosis
markers. The authors found that high levels of MMP-2 were independently
associated with liver fibrosis = F2. Likewise, MMP-2, TIMP-2 and MMP-9
were independent and consistent predictors of transient elastometry values
and of other non-invasive markers of fibrosis. On the contrary, they did not find
any significant association between liver fibrosis = F2 and the diverse SNPs
evaluated.

Applications

This study supports the implication of these substances in the development
of liver fibrosis, and their value as predictors of the degree of fibrosis in HIV-
infected patients with non-alcoholic liver disease. The determination of these
parameters could be useful for the development of laboratory-derived indexes
of fibrosis, in order to improve the accuracy of the current non-invasive tests.

Terminology

MMPs, a family of zinc-dependent endoproteases, and their tissue inhibitors
TIMPs are involved in the remodeling and degradation of the extracellular
matrix and, therefore, may influence the development of liver fibrosis.
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The results presented in this reviewed manuscript are of scientific merit and
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Abstract
In last fifteen years remarkable success in the fight
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against human immunodeficiency virus (HIV) is achieved
globally. The number of HIV infections has decreased
and the number of people on antiretroviral therapy is
increased. This all is possible by strong political com-
mitments and heavy investments in the fight against
HIV. Pakistan is among few Asian countries in which
HIV cases are increasing year by year since 1990. There
are 94000 cases of HIV in Pakistan and only 14000
are registered with government. The main source of
HIV infection in Pakistan is the use of contaminated
injection equipment among people who inject drugs
(PWID). The overall prevalence of HIV among PWID in
Pakistan is 27.2%. There are five cities in Pakistan in
which HIV prevalence is above 40% in PWIDs. In June
2016, United Nations political declaration on acquired
immune deficiency syndrome (AIDS) provided a global
mandate to fast-track the AIDS response over the
next five years to achieve the targets in Sustainable
Development Goals. To achieve the targets in fast-
track AIDS response, the global leaders showed strong
commitments to invest $ 26 billion per year by 2020.
Pakistan needs to speed up its HIV control program.
There is a dire need to locate all HIV positive people
and enroll them in the treatment program. Pakistan also
needs to calculate exact number of people living with
HIV, increase HIV treatment centers and increase HIV
awareness. Recently, Global Fund invested handsome
money in the fight against HIV. Let’s hope the country
will have effective HIV control strategy to achieve the
HIV elimination target by 2030.

Key words: Human immunodeficiency virus; People who
inject drugs; Fast-track; Antiretroviral therapy

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Human immunodeficiency virus (HIV) cases
are increasing day by day in Pakistan. Currently, the
prevalence of HIV is less than 0.1% in general population
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while the scenario is totally different in people who inject
drugs, having prevalence of 27.2%. Approximately 15%
of HIV positive cases are enrolled with government
for treatment. United Nations political declaration on
acquired immune deficiency syndrome (AIDS) provided
a global mandate to fast-track the AIDS response over
the next five years to achieve the targets in Sustainable
Development Goals. Pakistan needs to speed up its HIV
treatment program to achieve the targets in fast-track
AIDS response.
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TO THE EDITOR

Fifteen years ago acquired immune deficiency synd-
rome (AIDS) epidemic was affecting families, com-
munities and entire nations. The epidemic united the
global community and the efforts were initiated to
decrease the AIDS death toll and increase human
immunodeficiency virus (HIV) drugs accessibility.
Millennium development goal (MDG) six played a key
role in the success against AIDS epidemic'"..

From the year 2000, the number of new HIV
infections around the globe has decreased from 3.1
million to 2.0 million and the number of HIV-positive
people on antiretroviral therapy has increased from 1
million to 15 million. Similarly, the AIDS-related deaths
decrease from 2.0 million to 1.2 million. All this is
possible by the inclusion in the MDGs and increase in
AIDS funding from $4.9 billion to $21.7 billion™. The
AIDS epidemic is halted and reversed. If the efforts are
stopped here the AIDS linked morbidity and mortality
will again start growing.

Pakistan is among few countries in Asia in which new
HIV cases are increasing year by year since 1990. There
are 94000 cases of HIV in Pakistan and only 14000 are
registered with government!). The government has no
idea where are the rest of 80000 HIV cases.

The government is expected to complete the
Integrated Biological and Behavioral Surveillance survey
in 2016; the survey will determine the actual number of
people living with HIV in Pakistan including sex workers
and drug addicts.

Currently, there are 21 HIV treatment centers and
20 community-based care and support centers for HIV
patients across the country. The government is planning
to increase the treatment centers from 21 to 25 till
2017.

The main source of HIV infection in Pakistan is the
use of contaminated injection equipment among people
who inject drugs (PWID). The overall prevalence of
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HIV among PWID in Pakistan is 27.2%". There are
five cities in Pakistan in which HIV prevalence is above
40% in PWIDs. These cities include Sargodha (40.6%),
Karachi (42.2%), Gujrat (46.2%), D.G. Khan (49.6%)
and Faisalabad (52.5%)". HIV positive PWIDs are also
transmitting HIV infection to their spouses.

Pakistan shares a long porous border with Afghani-
stan, the leading producer of Opium. Approximately
40% of Afghan Opium is transported and sold through
trafficking routes passing from major cities of Pakistan.
There is an increase in shift from inhalator to injectable
drugs during the last few years. In Pakistan 430000
injecting drug users are present and 70% of them are
sharing needles™.

In June 2016, United Nations political declaration on
AIDS provided a global mandate to fast-track the AIDS
response over the next five years to achieve the targets
in Sustainable Development Goals. The declaration calls
on countries to reduce new HIV infections to 500K,
reduce AIDS related deaths to 500K and eliminate HIV
related Stigma and discrimination by 2020,

The political declaration also stresses that the 90%
of people living with HIV should know their positive
disease status, 90% of HIV positive people who know
their status have access to HIV treatment and 90% of
HIV positive people getting treatment have suppressed
viral load by 2020™.

The global leaders also pledge to provide HIV
prevention to both general and high risk populations,
including people who inject drugs, sex workers and
prisoners. The targets also include a 95% reduction in
new HIV infections among children in next five years.
To achieve the targets in fast-track AIDS response, the
global leaders showed strong commitments to invest $
26 billion per year by 2020™.

In order to achieve the targets in the Fast-Track AIDs
response, Pakistan needs to speed up its HIV control
program. There is a dire need to locate all HIV positive
people and enroll them in the treatment program.
The PWIDs needs special attention, they are bridging
the epidemic between other key populations including
sex workers. All the PWIDs should be provided with
enough syringes so that they avoid sharing the syringe.
The mother to child transmission also needs special
attention. Currently, 3% of HIV positive pregnant
women are taking antiretroviral therapy™. Thailand is
the only country in the Asia who halted the mother to
child transmission of HIV by covering all the HIV positive
pregnant women into effective HIV treatment program.

Pakistan needs to calculate the exact number of
people living with HIV. The HIV awareness program also
needs attention. There is hardly any HIV awareness
program on electronic, print and social media. There
is @ need to increase the HIV treatment centers in the
country; only 21 HIV treatment centers are not enough
to cover a population of 180 million people. There is
a need to increase HIV screening so that the 90% of
HIV positive people know about their positive disease
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condition and enroll 90% of HIV positive people in the
treatment program.

It was also observed that the slower HIV program
in Pakistan was due to lack of the financial resources.
Recently, Global Fund invested handsome money in the
fight against HIV. Let’s hope that the Pakistan will have
effective HIV control strategy by the recent investments
and we will be able to achieve the targets in the Fast-
Track AIDS response which will eventually lead to HIV
elimination by 2030.
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Abstract

The occurrence of lipodystrophy in patients taking anti-
human immunodeficiency virus (HIV) medications is
a serious problem as it is irreversible even after drug

Baishidenge  WJV | www.wjgnet.com

withdrawal. Although it was first recognized in patients
taking proteinase inhibitors, other types of anti-HIV agents
can also cause lipodystrophy. In a recent publication
by Jones et a/ entitled “Highly active antiretroviral
therapy dysregulates proliferation and differentiation of
human pre-adipocytes” in World Journal of Virology, it
was reported that simultaneous treatment of human
subcutaneous adipocytes with anti-HIV drugs with dif-
ferent mechanisms of action synergistically exerted anti-
adipogenesis effects /in vitro, warning us to take utmost
care in every case receiving combination antiretroviral
therapy (cART). For elucidation of the molecular basis
for cART-related lipodystrophy, multi-faceted approaches
should be taken, based on a deeper understanding of the
development and organization of adipose tissues.

Key words: Combination antiretroviral therapy; Lipody-
strophy; Protease inhibitor; Reverse transcriptase inhibitor;
Human immunodeficiency virus

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Development of lipodystrophy in patients re-
ceiving combination antiretroviral therapy (cART) has
been a serious problem. Although it was first reported in
patients taking proteinase inhibitors, other types of anti-
human immunodeficiency virus (HIV) agents also cause
lipodystrophy. A recent publication in World Journal of
Virology reported unexpected synergism among anti-HIV
drugs with different mechanisms of action in inhibiting
adipogenesis /n vitro. To elucidate the molecular basis
for cART-related lipodystrophy, multi-faceted approaches
should be taken with a deeper understanding of the
development and organization of adipose tissues.

Kobayashi N, Nakahara M, Oka M, Sacki K. Additional attention
to combination antiretroviral therapy-related lipodystrophy. World
J Virol 2017; 6(3): 49-52 Available from: URL: http://www.
wjgnet.com/2220-3249/full/v6/i3/49.htm DOI: http://dx.doi.
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COMMENTARY ON A RECENT ARTICLE
ON COMBINATION ANTIRETROVIRAL
THERAPY-RELATED LIPODYSTROPHY

Lipodystrophy is a serious problem in patients receiving
combination antiretroviral therapy

The development of combination antiretroviral therapy
(cART), where more than two types of anti-human
immunodeficiency virus (HIV) agents with different
mechanisms of action are used, has greatly improved
the prognosis of acquired immune deficiency syndrome
(AIDS) by reducing mortality rates and suppressing
opportunistic infections. With the extension of the
administration period, however, it has becoming in-
creasingly important to take effective measures to
control the side effects of cART. The major adverse
conditions caused by anti-HIV agents are lipodystrophy,
atherosclerosis, eruption, osteoporosis and lactic acidosis.
Since the pathophysiology of cART-related lipodystrophy
is an irreversible process, elucidation of the mechanism
how anti-HIV agents induce lipodystrophy is a matter
of particular importance. In the current commentary,
possible mechanisms of cART-related lipodystrophy
are discussed by referring a recent paper by Jones et
al! in World Journal of Virology, which reported an
unexpected synergy among anti-HIV drugs with different
mechanisms of action in inhibiting proliferation and
differentiation of human preadipocytes in vitro (Figure 1).

Organization of adipose tissues
Adipose tissues consist of parenchymal cells (i.e.,
adipocytes and their progenitors) and non-parenchymal
cells (i.e., non-adipocyte lineage cells) (Figure 2) and
disorders of any of these components may result in the
development of lipodystrophy. Caso et al* previously
reported that two proteinase inhibitors, ritonavir (RTV)
and atazanavir (ATV), inhibited the proliferation and
differentiation of human subcutaneous preadipocytes
in vitro. In a recent paper, the same group showed that
protease inhibitors (RTV, ATV), nucleoside/nucleotide
reverse transcriptase inhibitors [emtricitabine (FTC),
tenofovir (TDF)] and a non-nucleoside reverse trans-
criptase inhibitor [efavirenz (EFV)] synergistically inhi-
bited proliferation and differentiation/maturation of
human preadipocytes obtained from subcutaneous fat
depots!'l. It is surprising that synergism exists among
drugs with completely different action mechanisms.
Although the molecular basis of this synergism remains
unknown, the finding has sounded the alarm about the
risk of unexpected occurrence of lipodystrophy in cART-
receiving patients.

In addition to affecting parenchymal cells, anti-HIV
agents may impair the functions of non-parenchymal
cells, which consist of mesenchymal stem cells (MSCs),
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vascular endothelial cells (VEC), pericytes/vascular
smooth muscle cells, resident macrophages (M2) and
inflammatory macrophages (M1) (Figure 2). Among
these, VECs may be of most interest for the following
three reasons: First, anti-HIV agents reportedly induce
oxidative damage to VECs™!, which is considered to
be one of the causes of development of cART-related
atherosclerosis. Atherosclerosis in adipose tissue vas-
culatures within specific regions of subcutaneous fat
depots may cause local ischemia, resulting in dege-
neration/loss of adipose tissues in specific areas such
as the face and limbs. However, the reason why the
face and limbs are commonly affected by cART-related
lipodystrophy remains unknown. Secondly, VECs in
adipose tissues (A-VEC) is known as one of the ancestors
of adipocytes™®. Recurrent damage to A-VECs by anti-
HIV agents may reduce the population size of adipocyte
precursors, which might, in turn, result in the occurrence
of lipodystrophy after a time. Lastly, it is accepted that
A-VECs have distinctive characteristics compared with
VECs of other tissues; for example, VECs of white
adipose tissues exhibit specific antigenicity™. Moreover, it
was recently reported that poly(2-methacryloyloxyethyl
phosphorylcholine-co-n-butyl methacrylate (PMB)-
coated carbon nanotubes specifically accumulated in the
capillary endothelial cells of adipose tissues””’. Even under
conditions where anti-HIV drugs do not cause oxidative
damage to A-VEC, they might possibly affect specific
functions of A-VEC, thus promoting the development of
lipodystrophy.

Other non-parenchymal cells could also be the targets
of cART. The MSCs can be precursors of preadipocytes,
and pericytes/vascular smooth muscle cells are recognized
as an equivalent of MSCs'®, although a recent paper
by Guimardes-Camboa et al®’ has challenged this idea.
Similarly to A-VECs, pericytes/vascular smooth muscle
cells in adipose tissues are considered as one of the
ancestors of adipocytes”™. It is known that white adipose
tissues are particularly rich in M2 macrophages, which
provide a niche for preadipocytes™. On the other hand,
M1 inflammatory macrophages are recruited into adipose
tissues from the bone marrow when adipocytes undergo
degeneration. Defects in the clearance of degenerative
adipocytes may create pathological states of adipose
tissues, which possibly lead to the development of
lipodystrophy.

Although the critical target cells remain undetermined,
the etiology of cART-related lipodystrophy should be
investigated from multiple perspectives.

Possible mechanisms of cART-lipodystrophy

The incidence of lipodystrophy was first recognized in
patients receiving protease inhibitors!**? and more than
half of affected patients reportedly take these drugs*®.
In addition to suppressing growth and differentiation
of preadipocytes™, protease inhibitors reportedly exert
multifactorial effects on adipocytes including impairment of
mitochondrial functions'*, changes in the gene expression
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Figure 1 Diverse anti-human immunodeficiency virus agents synergistically inhibit adipogenesis in vitro. Although detailed processes remain elusive, anti-
human immunodeficiency virus agents of different action mechanisms synergistically inhibit proliferation and differentiation of preadipocytes that are prepared from
human subcutaneous fat depots as reported by Jones et af".
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Figure 2 Organization of adipose tissues. Adipose tissues consist of parenchymal cells and non-parenchymal cells. Coordinated interactions of these two
components are important for adipose tissue performance.
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related to ER-stress and lipid droplet formation™ and even related dystrophy is a crucial issue to be addressed,
an induction of mitophagy™'. cART-related dystrophy since loss of fat depots frequently occurs in the face and
is not restricted to protease inhibitor-receiving cases!®. limbs and fat wasting of the face considerably reduces
Patients with cART-related dystrophy are relatively quality of life. The reason why adipose tissues in the
healthy™?, although hypertriglyceridemia and insulin distal parts of the body are commonly affected by cART-
resistance may be present™**'¢%, Nevertheless, cART- related dystrophy remains elusive. In some cases,
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subcutaneous fat depots are reciprocally accumulated in
the central parts of body including the abdomen, trunk
and neck. Since plasma cortisol values are reportedly
within the normal range, central fat accumulation cannot
be attributed to hypercortisolism™. Interestingly, adipose
tissue-specific Dicer knockout (ADicerkO) mice reportedly
exhibit a phenotype that bears a close resemblance to
cART-related lipodystrophy®®®’. They even show buffalo
hump-like phenotypes, in which brown adipose tissues
(BAT) are substantially enlarged and degenerated into
white adipose tissue accumulations™. Since BATs are
mainly located in the neck and upper back areas in mice
and humans, central fat accumulation in cART-related
lipodystrophy might possibly be associated with abnormal
lipid accumulation in BATs.

In summary, the etiology of cART-related lipody-
strophy remains largely unknown and further investi-
gations will be required to elucidate its developmental
mechanisms.
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Abstract

AIM

To investigate the mechanism(s) by which potential
effects of multi-drug highly-active antiretroviral therapy
contributes to lipodystrophy syndrome.

METHODS

Preadipocytes from healthy donors were assessed
for proliferation and differentiation in the presence of
nucleoside reverse transcriptase inhibitors (NRTISs),
nonnucleoside reverse transcriptase inhibitors (NNRTIS),
and protease inhibitors (PIs) individually and in com-
bination. Effects on proliferation were assessed with a
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide assay and effects on differentiation were
assessed from glycerol-3-phosphate dehydrogenase (GP
DH) activity and quantitation of Qil Red O staining for
intracellular lipid. Data were analyzed with a randomized
block ANOVA with post-hoc Fisher’s Least Significant
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Difference test.

RESULTS

Preadipocyte proliferation was inhibited by a com-
bination of NNRTI + NRTI (14% at 48 h, Z < 0.001)
and PI + NRTI (19% at 48 h, £ < 0.001) with additional
suppression when ritonavir (RTV) was added (26% at 48
h). The drug combination of atazanavir (ATV) + RTV +
emtricitabine (FTC) + tenofovir (TDF) had the greatest
inhibitory effect on proliferation at 48 h. Preadipocyte
differentiation was most significantly reduced by the
efavirenz + FTC + TDF assessed either by GPDH activity
(64%) or lipid accumulation (39%), £ < 0.001. Combining
NRTIs with a PI (ATV + FTC + TDF) significantly
suppressed differentiation (GPDH activity reduced 29%,
lipid accumulation reduced by 19%, P < 0.01). This effect
was slightly greater when a boosting amount of RTV was
added (ATV + FTC + TDF + RTV, P < 0.001).

CONCLUSION

Although combination antiretroviral therapy is clinically
more efficacious than single drug regimens, it also
has a much greater inhibitory effect on preadipocyte
proliferation and differentiation.

Key words: Nucleoside reverse transcriptase inhibitors;
Non-nucleoside reverse transcriptase inhibitors; Protease
inhibitors; Pre-adipocytes; Highly active antiretroviral
therapy; Lipodystrophy

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: We demonstrated an /n vitro system for
evaluating potential antiretroviral regimens for adipose
tissue toxicity. In general, combination regimens resulted
in greater preadipocyte proliferation and differentiation
inhibition than single therapies. The drug combination
of atazanavir + emtricitabine + tenofovir had inhibitory
effects on preadipocytes and adding ritonavir at levels
equivalent to clinical boosting, increased toxicity still
further.

Jones E, Mazirka P, McNurlan MA, Darras F, Gelato MC, Caso G.
Highly active antiretroviral therapy dysregulates proliferation and
differentiation of human pre-adipocytes. World J Virol 2017; 6(3):
53-58 Available from: URL: http://www.wjgnet.com/2220-3249/

full/v6/i3/53.htm DOIL: http://dx.doi.org/10.5501/wjv.v6.i3.53

INTRODUCTION

A link between highly active antiretroviral therapy
(HAART) and HAART-associated lipodystrophy (HALS)
has been recognized for well over a decade. HALS is
associated with abnormal changes in fat distribution
throughout the body, insulin resistance and altered
levels of triglycerides, cholesterol and lipoproteins™.
These changes impact the health of an individual as
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well as their quality of life and have reduced the impact
of anti-HIV therapy development'>®). HAART regimens
with various combinations of protease inhibitors (PI),
nucleoside reverse transcriptase inhibitors (NRTI) and
nonnucleoside reverse transcriptase inhibitors (NNRTI)
have been associated with HALS (e.g.™®). Previously
we reported on the in-vitro effects of two PIs,
ritonavir (RTV) and atazanavir (ATV) on preadipocyte
proliferation and adipogenesis’”’. In the present study,
we report the effects of common first-line combination
regimens used in HIV treatment; efavirenz (EFV) +
emtricitabine (FTC) + tenofovir (TDF), ATV + FTC +
TDF and ATV + RTV + FTC + TDF, as well as their
individual components, on in-vitro preadipocyte pro-
liferation and differentiation.

MATERIALS AND METHODS

Patients and study design

Preadipocytes were obtained from abdominal subcu-
taneous fat tissue from healthy kidney donors under-
going nephrectomy. The samples were collected from
10 kidney donors (6 females, 4 males) who gave a
written informed consent. All participants were HIV-
seronegative, had an average age of 37 £+ 4 years and
a BMI of 29 £ 1 kg/m”. Subjects were placed under
standard general anesthesia and subcutaneous fat
tissue was removed from the peri-umbilical area during
nephrectomy. The specimens were then immediately
placed in a sterile Hank’s Buffered Salt Solution (HBSS)
at pH 7.4 containing antibiotics and amphotericin. All fat
samples were processed within one hour.

Once isolated, preadipocytes were tested in vitro for
their ability to replicate and differentiate in the presence
of different classes of antiretroviral drugs, which were
applied individually or in combination. Fat samples from
each donor were processed individually and each of the
test conditions (drug combinations) were repeated with
each donor sample. The selected drug combinations
are recommended antiretroviral regimens for (naive)
HIV patients®. These included a NNRTI-based regimen
consisting of a NNRTI (EFV) and 2 NRTIs (TDF and
FTC) (i.e., EFV + TDF + FTC); and a PI-based regimen
consisting of a PI (ATV) and 2 NRTIs (TDF and FTC)
(i.e., ATV + TDF + FTC). The PI-based combination
was tested with or without the addition of another PI,
RTV (i.e., ATV + RTV+ TDF + FTC), since this regimen
is often recommended to boost the effects of other
protease inhibitors™®. The following drug concentrations
were used in all the experiments: EFV, 20 umol/L;
FTC, 15 umol/L; TDF, 1 ymol/L; ATV, 10 umol/L; RTV, 2
pumol/L. These concentrations are in the range of those
observed in the plasma of patients treated with the
specific antiretroviral combination regimens™®*?!. The
effects of antiretroviral medications were compared
with control samples in which preadipocytes were
cultured and stimulated to differentiate in the absence
of antiretroviral medications.
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Pre-adipocyte isolation and culture

Preadipocyte isolation and culture from subcutaneous
fat biopsies were previously described™. In brief, fat
tissue was digested with collagenase (3 mg/mL, type
1T, Worthington, Lakewood, NJ) to obtain stromal cells
that were then separated from mature adipocytes by
centrifugation and incubated in erythrocyte lysing buffer
(154 mmol/L NH4Cl, 10 mmol/L K2HPO4, 1 mmol/L
EDTA, pH 7.4) for 10 min at room temperature to
eliminate red cells. Remaining debris was then removed
by filtering cell suspension through a 70 um nylon filter
and then centrifuged. Pelleted preadipocytes were
plated in a basal medium consisting of DMEM/F-12
(Gibco, Carlsbad, CA) supplemented with 10% Fetal
Calf Serum (FCS), 2 mmol/L glutamine, 100 IU/mL
penicillin and 100 pg/mL streptomycin (Gibco) and
incubated for 16-18 h. After incubation, attached cells
were extensively washed with warm PBS, removed
from the plates with trypsin, suspended and counted.
Preadipocytes were then seeded at a density of 5 X
10°/cm?.

To assess cell replication, cultures were incubated
in untreated growth medium for 48 h after which the
medium was exchanged for fresh medium (control) or
medium containing drugs. Cell numbers were assessed
over a 72 h period. For the assessment of differentiation,
cultures were grown to confluence and differentiation
was induced with serum-free medium (control) or
the same medium containing antiretroviral drugs as
previously described”"*), Since some drugs (i.e., EFV)
are tightly bound to plasma albumin, 2 g/L bovine
serum albumin (Sigma, St. Loius, MO) was added to
differentiation medium in all control and treated groups.
Medium was replaced every 72 h and differentiation
assessed after 12 d.

Assessment of preadipocyte proliferation

The effect of antiretroviral drugs on preadipocyte pro-
liferation was assessed by measuring the cell number
in cultures exposed to the drugs for 48 and 72 h. Viable
cell number was assessed with a 3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyl tetrazolium bromide based assay, as
previously described”'¥. Since all cultures were plated at
the same initial cell number, an increase or decrease in
viable cells at 48 and 72 h was assumed to represents a
change in the potential of cells to increase in number, i.e.,
proliferate.

Assessment of preadipocyte differentiation

The differentiation of preadipocytes into mature adi-
pocytes was estimated after 12 d by measuring the
activity of the lipogenic marker enzyme glycerol-3-
phosphate dehydrogenase (GPDH) and by quantifying
the intracellular lipid accumulation after staining with Qil
Red O.

GPDH assay: Determination of GPDH activity was
based on the oxidation of NADH and reported as muU
where 1 mU corresponded to the amount of enzyme
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needed to oxidize 1 nmol of NADH/min as reported
previously!”.

Oil Red O staining: Cells fixed in a 10% formaldehyde
solution were stained with Oil Red O, extracted with
isopropanol and assessed for absorbance at 500 nm'”,

Statistical analysis

Results are expressed as means £ SEM. Differences
between control and treated groups and among the
treated groups were analyzed with a randomized
block ANOVA with post-hoc Fisher’s Least Significant
Difference (LSD) test. P values < 0.05 were considered
statistically significant.

RESULTS

The effect of anti-retroviral drugs, individually and in
combination, was assessed for two distinct aspects
of preadipocyte metabolism; namely the proliferation
of preadipocytes and the ability of preadipocytes to
differentiate into adipocytes.

Preadipocyte proliferation in the presence of NRTIs,
NNRTIs and Pls

All individual antiretroviral drugs inhibited the proliferation
of preadipocytes incubated in concentrations of the drugs
comparable to the levels seen in the plasma of treated
patients compared with untreated cells (control). This
effect was statistically significant at 72 h (Figure 1; P <
0.02). The inhibition of proliferation in FTC-treated cells
was apparent even at 48 h of incubation (P < 0.01).

All drug combinations tested significantly suppressed
preadipocyte proliferation. In the presence of EFV + FTC
+ TDF (NNRTI + NRTIs) preadipocyte proliferation was
inhibited by 14% and 26% respectively after 48 and 72 h
compared to controls. Similarly, therapeutic combinations
with ATV + FTC + TDF (PI + NRTIs) showed a reduction
in preadipocyte growth of 19 % at 48 h, and of 30%
at 72 h (Figure 1, P < 0.001). When RTV was added to
ATV + FTC + TDF, as it is clinically known to boost other
PIs, the inhibitory effect was more noticeable, with a
suppression in proliferation of 26% and 37% respectively
after 48 and 72 h compared to controls (Figure 1, P <
0.001).

The inhibition of proliferative activity of preadipocytes
in multi-drug combinations was more severe than the
inhibition of proliferation observed with the individual
component drugs in some cases, but not all. In the
combination EFV + FTC + TDF, suppression of proliferation
was greater than the suppression observed when EFV
and TDF were used individually (P < 0.02), but there
was not an additional effect when EFV + FTC + TDF
combination was compared to FTC treatment alone (P =
NS). Combining ATV + FTC + TDF or ATV + RTV + FTC
+ TDF increased the inhibition of adipocyte proliferation
to a greater extent than treatment with the same
concentration of the individual drugs both at 48 (P < 0.05)
and 72 h (P < 0.01).
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Of the three multi-drug regimens, the drug com-
bination ATV + RTV + FTC + TDF had a more sup-
pressive effect on proliferation of preadipocytes than
the other multi-drug regimens at 48 h (P < 0.02). At 72
h, the combination, ATV + RTV + FTC + TDF, was not
statistically significantly different from ATV + FTC + TDF
but was significantly different from EFV + FTC + TDF (P
= 0.05).

Preadipocyte differentiation in the presence of NRTIs,
NNRTIs and Pls
Preadipocyte differentiation, in the presence of anti-
retroviral drugs, was assessed by 2 different techniques,
one involved measuring the enzymatic activity of GPDH
and the other involved quantifying intracellular lipid
accumulation after staining with Oil Red O. The two
techniques produced comparable results (Figure 2).

EFV had a profound inhibitory effect on preadipocyte
differentiation (Figure 2). Both GPDH activity and lipid
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accumulation were greatly reduced in cells treated with
EFV compared to controls (Figure 2, P < 0.001). Of the
other anti-retroviral drugs tested, only TDF appeared to
have an effect on intracellular lipid accumulation, which
tended to be lower when cells were treated with TDF (P
= 0.06). Preadipocyte differentiation in the presence of
remaining individual drugs did not differ from controls
(Figure 2).

Figure 2 demonstrates that, preadipocyte diffe-
rentiation was significantly reduced when the anti-
retroviral drugs were used in combination compared to
untreated cultures. Compared to control cells, the EFV
+ FTC + TDF (NNRTI + NRTIs) combination showed the
most suppressive effect on differentiation with GPDH
activity and lipid accumulation 64% and 39% lower
respectively (Figure 2, P < 0.001). Combining NRTIs
with a PI (ATV + FTC + TDF) inhibited GPDH activity
by 29% and lipid accumulation by 19% compared to
controls (Figure 2, P < 0.01). This effect was slightly
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greater when a boosting amount of RTV was added (ATV
+ FTC + TDF + RTV, Figure 2, P < 0.001).

The inhibitory effect of a multi-drug combination
NNRTI and NRTI (EFV + FTC + TDF) was also compared
to the suppression in differentiation observed with the
anti-retroviral medications individually. Suppression
with the combination resulted in a greater reduction in
preadipocyte differentiation than either FTC or TDF alone
(P < 0.001). However, suppression of differentiation with
the combination of EFV + FTC + TDF was comparable in
magnitude to treatment with EFV alone suggesting EFV
was accountable for most of the reduction in differentiation
observed with the combination regimen (Figure 2). The
two multi-drug regimens containing PI + NRTI were also
examined relative to the incubations with the individual
medications. The multi-drug combinations containing
PIs had greater inhibitory effects on differentiation than
treatment with the same concentration of each individual
drug (Figure 2, P < 0.003), with the exception of TDF.

The multi-drug regimens have also been compared
with each other. The combination with NNRT and NRTI
(EFV, FTC, TDF) reduced differentiation to a greater
extent than either of the two regimens with PI + NRTI,
whether assessed as either GPDH activity (P < 0.001)
or intracellular lipid accumulation (P < 0.02).

DISCUSSION

There is no doubt that the etiology of HIV/HAART-
associated lipodystrophy syndrome is multi-factorial, but
antiretroviral medications contribute to the condition.
This in vitro technique, with primary cultures of pre-
adipocytes isolated from healthy subjects, provides
a way of assessing effects of single and combination
drug regimens on preadipocyte proliferation and
differentiation; and consequently, on the potential of
drug regimens to contribute to HALS. The antiretroviral
medications currently in use have profound effects on
both preadipocyte proliferation and differentiation.

All of the antiretroviral agents tested inhibited pre-
adipocyte proliferation. Individually, the NRTI, FTC, had
a more pronounced effect on preadipocyte proliferation
than the NRTI, TDF; the NNRTI, EFV; or the PIs ATV or
RTV (Figure 1). While in general combinations of anti-
retroviral drugs were more toxic than the individual
drugs, this was not true for combinations containing
FTC. The addition of TDF (another NRTI) and EFV (a
NNRTI) to emtricitabine did not produce any greater
toxicity than was observed with EFV alone. However,
multidrug regimens containing PIs in combination with
NRTI (ATV + FTC + TDF and ATV + RTV + FTC + TDF)
resulted in further suppression of proliferation. Having
previously demonstrated that RTV does not suppress
preadipocyte proliferation at levels comparable to those
used for boosting"”’, this study indicates that adding RTV
to a combination of ATV, TDF and FTC does increase
toxicity (Figure 1). Clearly, the toxicity of individual
antiretrovirals can be affected by concurrent antiretroviral
administration.
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In contrast to preadipocyte proliferation, it is the
NNRT EFV that has the most profound effect on pre-
adipocyte differentiation, an effect that has been
reported previously™>*®!, Combining EFV with NRTIs
(EFV + FTC + TDF) does not result in any greater sup-
pression. Regimens containing PIs and NRTIs (ATV +
FTC + TDF and ATV + RTV + FTC + TDF) are not as
toxic as those containing EFV. However, the multi-drug
combinations containing PIs suppressed differentiation
to a greater extent than the use of any drug individually.
This study highlights the importance of assessing both
the effects on the proliferation of preadipocytes and the
differentiation of preadipocytes into mature adipocytes
since multi-drug regimens affect them differently.

In conclusion, antiretroviral medications affect not
only the differentiation of preadipocyte into mature
adipocytes, these drugs also affect the proliferation of
preadipocytes and can, therefore, impact on the number
of preadipocytes that are available. While FTC has the
most profound effect on preadipocyte proliferation, it
is EFV that has the greatest impact on differentiation.
Combinations of antiretroviral medications, which have
no impact when used individually, increase the toxicity
for preadipocytes.

COMMENTS

Background

Highly active antiretroviral therapy (HAART) regimens with various combinations
of protease inhibitors (Pl), nucleoside reverse transcriptase inhibitors (NRTI)
and nonnucleoside reverse transcriptase inhibitors (NNRTI) have long been
linked to HAART-associated lipodystrophy syndrome (HALS). Once HALS is
manifest, it is difficult to reverse. There is a need to develop ways of assessing
drug combinations for the potential to contribute to HALS.

Research frontiers

The effect of individual anti-retroviral drugs have been studied in vitro, but this is
the first report of the effect of drug combinations assessed at clinically relevant
concentrations. The differential effects on preadipocyte proliferation and
differentiation were also assessed, providing important mechanistic information.

Innovations and breakthroughs

The study demonstrates that replacing ritonavir-based regimens with the
clinically more acceptable protease inhibitor, atazanavir, does not eliminate
the potential for toxic effects on adipose tissue. In addition, adding ritonavir
at “boosting” levels to regimens containing nucleoside reverse transcriptase
inhibitors and non-reverse transcriptase inhibitors also increases the lipo-toxic
potential of these antiretroviral combinations.

Applications

Although combination antiretroviral therapy is clinically more efficacious than
single drug regimens, the combination regimens also have the potential to
contribute to adipose tissue toxicity through effects of preadipocyte replication
and differentiation. The study also illustrates the value of an in vitro system for
screening drug combinations for potential adipose tissue toxicity.

Terminology

HALS is a condition that is characterized by loss of subcutaneous fat,
particularly in the face, buttocks, arms and legs. Antiretroviral therapy typically
includes a combination of drugs with different mechanisms of action including
NRTIs, NNRTIs, and Pls. These drug classes have the potential for differential
effects on adipose tissue and the effect of combination therapy may be greater
than the individual drugs alone. This study also investigated the mechanisms
by which antiretroviral drugs can contribute to the loss of adipose tissue;
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an inability of preadipocytes to proliferate reduces the potential number of
precursor cells for the formation of adipose tissue, the inability of pre-adipocytes
to differentiation reduces the formation of adipose tissue by arresting precursor
cells in an undifferentiated state.
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effects of anti-HIV agents on inhibiting adipogenesis by performing in vitro
experiments using human materials. It will help us to recognize the importance
to take extra caution in executing HAART.
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Abstract

AIM

To assess the real-world effectiveness and cost of sime-
previr (SMV), and/or sofosbuvir (SOF)-based therapy for
chronic hepatitis C virus (HCV) infection.

METHODS

The real-world performance of patients treated with
SMV/SOF  ribavirin (RBV), SOF/RBV, and SOF/RBV with
pegylated-interferon (PEG) were analyzed in a consecutive
series of 508 patients with chronic HCV infection treated
at a single academic medical center. Patients with
genotypes 1 through 4 were included. Rates of sustained
virological response - the absence of a detectable serum
HCV RNA 12 wk after the end of treatment [sustained
virological response (SVR) 12] - were calculated on an
intention-to-treat basis. Costs were calculated from the
payer's perspective using Medicare/Medicaid fees and
Redbook Wholesale Acquisition Costs. Patient-related
factors associated with SVR12 were identified using
multivariable logistic regression.

RESULTS
SVR12 rates were as follows: 86% (95%CI: 80%-91%)
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among 178 patients on SMV/SOF = RBV; 62% (95%CI:
55%-68%) among 234 patients on SOF/RBV; and 78%
(95%CI: 68%-86%) among 96 patients on SOF/PEG/RBV.
Mean costs-per-SVR12 were $174442 (standard deviation:
+ $18588) for SMV/SOF + RBV; $223003 (+ $77946)
for SOF/RBV; and $126496 (+ $31052) for SOF/PEG/
RBV. Among patients on SMV/SOF + RBV, SVR12 was
less likely in patients previously treated with a protease
inhibitor [odds ratio (OR): 0.20, 95%CI: 0.06-0.56].
Higher bilirubin (OR: 0.47, 95%CI: 0.30-0.69) reduced the
likelihood of SVR12 among patients on SOF/RBV, while
FIB-4 score = 3.25 reduced the likelihood of SVR12 (OR:
0.18, 95%CI: 0.05-0.59) among those on SOF/PEG/RBV.

CONCLUSION

SVR12 rates for SMV and/or SOF-based regimens in a
diverse real-world population are comparable to those
in clinical trials. Treatment failure accounts for 27% of
costs.

Key words: Cirrhosis; Cost; Sustained virological response;
Protease inhibitor; Polymerase inhibitor

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: To our knowledge, this study is the largest real-
world investigation of outcomes in patients with chronic
hepatitis C virus infection with genotypes 1-4 being
treated with simeprevir and/or sofosbuvir-containing
regimens that has been conducted in a single center.
We provide compelling real-world data in a large (7 =
508), diverse population of patients, showing that the
effectiveness of these regimens is comparable to that
seen in multicenter clinical trials. Further, our unique cost
analysis reveals that the cost-per-sustained virological
response of simeprevir- and/or sofosbuvir-based therapy
is lower than telaprevir-based triple therapy, likely due to
higher rates of cure and lower rates of adverse events.
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INTRODUCTION

Treatment options for patients with chronic hepatitis
C virus (HCV) infection are expanding rapidly. Data
from clinical trials indicate that newer regimens have
reduced side effects compared to dual therapy with
pegylated interferon (PEG) and ribavirin (RBV) and
higher sustained virological response (SVR) rates™ ™,
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SVR is equivalent to a virological cure, and is currently
defined as the absence of detectable HCV RNA in blood
12 wk after the end-of-treatment (EOT). SVR at 12 wk
(SVR12) has supplanted SVR at 24 wk as the standard
endpoint™. SVR12 is associated with reduced rates
of liver-related and all-cause mortality, even among
patients with advanced liver disease!****. Additional
benefits include improvements in quality of life, as well
as decreased healthcare utilization!*.

As most patients can be treated safely with newer
interferon-free direct-acting antiviral (DAA) regimens,
current AASLD/IDSA guidelines recommend treating
all patients with chronic HCV, except those with life
expectancies too short for HCV cure to be considered
beneficial®. These recommendations, along with birth
cohort screening of baby boomers and direct-to-consumer
advertising, have created a significant public demand for
treatment™), Comparative data about the clinical and
economic effectiveness of new regimens are needed to
inform discussions about costs and to allow selection of
the best option for each patient.

The first HCV NS3/4A protease inhibitors (PIs), telaprevir
(TVR) and boceprevir (BOC), were used in combination
with PEG and RBV. These triple therapy regimens had a
high burden of adverse events and high costs-per-SVR, as
well as cumbersome dosing regimens?®>'#'¥), Simeprevir
(SMV) was approved by the United States Food and
Drug Administration (United States FDA) in 2013 for the
treatment of genotype (GT) 1 HCV. Used in combination
with PEG and RBV, it was at least as effective in achieving
SVR as TVR and BOC in large randomized trials, but it
reduced the pill burden and improved tolerability®®***. In
2014, the United States FDA approved sofosbuvir (SOF), a
nucleotide analog NS5B polymerase inhibitor with activity
against GT 1-6. Depending upon GT and prior treatment
history, it was initially used either in combination with
PEG/RBV, with SMV £ RBV, or with RBV alone. SVR rates
with these SOF-containing regimens ranged from 56% to
over 90% in registration trials®®®. SOF is now used most
commonly in fixed-dose combination with NS5A inhibitors,
induding ledipasvir and velpatasvir®".

We previously established that the cost-per-SVR of
TVR-based triple therapy in clinical practice approached
$200000-far higher than projections based on results
of randomized clinical trials™™. In the present study,
we examine the clinical and economic performance of
regimens containing SMV and/or SOF in a consecutive
series of 508 patients and identify risk factors associated
with treatment success (SVR12) or failure. SMV re-
mains an important option for patients with resistance
associated substitutions (RASs) to NS5A inhibitors,
and in liver transplantation recipients™®>*. Prior studies
assessing outcomes of SMV- and/or SOF-containing
regimens in clinical practice were limited to patients
with GT 1 HCV®?, Other recent studies assessing real-
world outcomes of SOF-based dual- or triple-therapy
have focused on patients with a single genotype®®*".
Here we offer a comprehensive examination of real-
world outcomes of three different treatment regimens
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across genotypes 1-4.

MATERIALS AND METHODS

Identification of a cohort of patients initiating treatment

with SMV and/or SOF December 2013-June 2014

Data were collected on a consecutive series of 508 patients
with chronic HCV infection who started treatment with a
SMV- and/or SOF-containing regimen between December
2013 and June 2014 at the Mount Sinai Medical Center
in New York City. Patients with HCV GT 1, 2, 3, and 4
were included in the study. Subjects were identified using
two complementary methods: (1) healthcare providers
compiled lists of patients meeting inclusion criteria;
and (2) the Mount Sinai Data Warehouse, a database
integrating multiple electronic health record platforms,
was queried to identify all patients with any history of
International Classification of Diseases, Ninth Revision
(ICD-9) diagnostic codes for chronic HCV infection (070.54)
and a prescription order for SMV or SOF. The combined
list was validated by manual chart review. Patients on
the following regimens were included: SMV/SOF = RBV,
SOF/RBV, and SOF/PEG/RBV. All patients received at least
one dose of SMV and/or SOF. Patients who had undergone
liver transplantation or who had HIV/HCV co-infection
were excduded from this study; however, data on HIV/HCV
co-infected patients are published elsewhere®®”. Choice
of the HCV treatment regimen, duration of treatment,
and adverse event (AE) management, including the use
of erythropoietin, were at the discretion of the provider.
Data on demographics, HCV kinetics, clinical laboratory
tests, office visits, medications, AE management, and
other aspects of medical care, including past use of PIs
(TVR or BOC) were collected. Providers were notified of
patients who were lost to follow-up (LFU), but there was
no systematic method for contacting patients who did not
complete SVR12 testing.

HCV viral load was measured using a real-time poly-
merase chain reaction assay (COBAS AmpliPrepCOBAS
Tagman HCV Test version 2.0; Roche Molecular Diagnostics,
Pleasanton, CA), which defines a HCV viral load below
15 IU/mL as “undetectable”. Breakthrough and relapse
were defined as the achievement of undetectable HCV
RNA during treatment, followed by the detection of HCV
RNA during treatment, or after treatment was completed
or stopped, respectively. Advanced fibrosis/cirrhosis was
defined as a FIB-4 score = 3.25 (24). SVR12 was defined
as an undetectable HCV RNA at least 12 wk after the EOT.
The study was conducted in accordance with the Helsinki
agreement, with approval of the Mount Sinai Institutional
Review Board (GCO 10-0032).

Use of resources and costs

The cost of care was calculated for each patient based
on Medicare and Medicaid fee schedules as described
in our previous study"®, and included laboratory tests,
physician fees, and AE management. Costs of HCV
medications were derived from the Red Book Wholesale
Acquisition Costs, accessed in December 2014: SOF,
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$1000/d; SMV, $790/d; RBV, $15.56/d; PEG, $672/wk.
Costs are expressed in 2014 United States dollars.

Statistical analysis

Descriptive statistics were used to analyze the baseline
characteristics of the cohort of 508 patients who initiated
SMV- and/or SOF-based therapy and to compare these
characteristics to those of a cohort of patients who
initiated treatment with TVR- or BOC-based regimens at
the Mount Sinai Medical Center™.

SVR12 rates and costs were calculated on an inten-
tion-to-treat (ITT) basis for the entire population of 508
patients who initiated SMV- and/or SOF-based therapy
and for patients on each of the three treatment regimens.
Treatment outcome (SVR12 or non-SVR12) was imputed
for 14/508 (2.75%) patients (3 on SMV/SOF + RBY,
5 patients on SOF/RBV, and 6 on SOF/PEG/RBV) who
lacked SVR12 data, but who had an undetectable viral
load at EOT and/or at 4 wk after EOT, based on the
average SVR12 rate for patients on the same regimen.
For patients receiving SOF/RBV, each genotype was
analyzed separately because of the varying SVR12 rates
of different genotypes®**!. A subgroup analysis was
carried out on 130 patients receiving SMV/SOF + RBV
who had no prior exposure to PI therapy and did not
have Childs-Pugh B or C cirrhosis, similar to the study
group in the COSMOS trial®*.

Costs were calculated as mean and standard deviation
(SD). The cost-per-SVR12 and its SD were calculated
by determining the mean and SD of total cost of care
(medications, adverse event costs, laboratory fees, and
care provider fees) and dividing it by the SVR12 rate. A
one-way sensitivity analysis was conducted to determine
the impact of the costs of medications on the cost-per-
SVR12, with the prices of HCV medications varied from
50% to 100% to reflect possible drug discount rates.

For the 470 patients with confirmed SVR12 data,
univariable and multivariable logistic regression were used
to identify factors associated with SVR12 and generate
forest plots. Unless otherwise indicated, multivariable
models retained variables with a P-value < 0.05. In a fully-
adjusted model, all variables were included except those
that exhibited collinearity.

To compare values between groups, t-tests were used
for normally distributed continuous variables and Mann-
Whitney U tests for non-normally distributed variables or
costs. »° or Fisher's exact tests were used for categorical
variables. A P-value < 0.05 was considered significant.
R software and Microsoft Excel were used for statistical
analysis.

RESULTS

Characteristics of the patients initiating treatment
December 2013-June 2014

Table 1 shows the characteristics of all 508 patients and
those of patients on each regimen: 178 (35%) received
SMV/SOF = RBV, 234 (46%) received SOF/RBV, and
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96 (19%) received SOF/PEG/RBV. Of patents treated
with SMV/SOF £+ RBV, 99% were GT 1, compared with
87% of patients treated with PEG/RBV/SOF and 44%
treated with SOF/RBV. The remaining distribution of HCV
GTs in each treatment group is displayed in Table 1. The
median age was 60 years [interquartile range (IQR):
54-64], 71 (14%) were black, 183 (37%) were female,
and 204 (40%) were naive to previous HCV treatment,
while 18% had failed TVR or BOC treatment in the past.
Over half (54%) had a FIB-4 score = 3.25, indicating
advanced fibrosis/cirrhosis (METAVIR F3-F4). The median
FIB-4 score was 3.54 (IQR: 1.73-6.72), consistent with
the likelihood that most patients had advanced fibrosis/
cirrhosis.

To investigate how the real-world population of patients
seeking and receiving treatment may be changing, char-
acteristics of 508 patients initiating treatment with SMV-
and/or SOF-based regimens (December 2013 until June
2014) were compared to those of 223 patients who
initiated treatment with BOC- and TVR-based regimens
during the previous era, May 2011 until December 2011
(Table 2). The group treated with SMV- and/or SOF-based
regimens was significantly older (P < 0.01), had a higher
percentage with a FIB-4 score = 3.25 (P = 0.02), and
lower hemoglobin levels (P < 0.01). A subset analysis
of treatment naive patients indicated that patients on a
SMV- or SOF-based treatment regimen had significantly
lower albumin than treatment naive patients receiving
BOC and/or TVR (P = 0.04, Supplementary Table 1). The
greater age and more advanced liver disease of the cohort
on SMV- and SOF-based regimens likely reflects both the
aging of HCV-infected population and the higher potency
and tolerability of the newer regimens, which allow
patients with advanced liver disease to be treated with a
greater probability of success.

Real-world SVR12 rates

Of the 508 patients who started treatment, the outcome
(SVR12 or non-SVR12) was known with certainty for
470 patients who completed SVR12 testing, and it was
imputed for 14 patients who completed EOT or SVR4
testing (see Methods and Figure 1). Twenty-four patients
(5%) initiated treatment but lacked EOT data. Their
baseline characteristics were compared to those of the
other 484 patients, and no significant differences were
found (Supplementary Table 2). In the ITT analysis of
SVR12 rates, 136 (27%) patients were considered to
fail treatment. This humber included 16 patients with
a null response to treatment, 91 who relapsed after an
EOT response (including 61 patients treated with SOF/
RBV, 15 treated with SMV/SOF + RBV, and 15 treated
with SOF/PEG/RBV), one patient with a virological
breakthrough (treated with SOF/RBV), three who died,
two with imputed failure, and 24 who were LFU. SVR12
rates and corresponding 95% confidence intervals
(ClIs) are presented in Table 3. The overall SVR12 rate
was 73% (95%CI: 69%-77%). It was 86% (95%CI:
80%-91%) among patients on SMV/SOF £ RBV, 62%
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Table 1 Baseline characteristics of 508 patients who initiated simeprevir- and/or sofosbuvir-based therapy

Total SMV/SOF + RBV SOF/RBV SOF/PEG/RBV
Continuous: median (IQR)/categorical: 7 (%)
n 508 178 234 96
Age, yr 60 (54-64) 61 (57-65) 60 (54-65) 56 (50-62)
Race, black, 7 (%) 71 (14) 27 (15) 23 (10) 21 (22)
HCV genotype, 1 (%)

1 362 (71) 177 (99.4) 102 (44) 83 (87)

2 69 (14) 0(0) 69 (29) 0 (0)

3 52 (10) 0(0) 52 (22) 0(0)

4 25 (5) 1(0.6) 11 (5) 13 (14)
Gender, female 183 (37) 67 (39) 87 (39) 29 (31)
BMI, kg/m’ 27.7 (24.7-30.8) 27.5 (24.5-30.2) 279 (2.6-31.0) 27.7 (25.1-31.1)
Diabetes, 1 (%) 111 (22) 29 (16) 59 (25) 23 (24)
Naive to treatment, 71 (%) 204 (40) 51 (29) 114 (49) 39 (41)

PI failure, n (%) 89 (18) 48 (27) 18 (8) 23 (24)
HCV viral load, log U/mL 6.15 (5.61-6.58) 6.28 (5.78-6.74) 6.05 (5.43-6.50) 6.13 (5.63-6.53)
Hemoglobin, g/dL 13.8 (12.6-15.1) 13.9 (12.8-15.1) 13.5 (12.4-14.7) 14.7 (13.3-15.4)
Platelet, x 10°/ L 143 (90-195) 146 (94-193) 125 (71-183) 180 (125-209)
ALT, U/L 63 (39-105) 72 (45-119) 59 (37-99) 60 (37-101)
AST, U/L 62 (38-99) 70 (40-113) 63 (38-101) 48 (33-83)
Total Bilirubin, mg/L 0.70 (0.50-1.10) 0.70 (0.50-1.00) 0.8 (0.5-15) 0.60 (0.40-0.83)
Albumin, g/dL 4.0 (3.5-4.4) 4.10 (3.70-4.40) 3.8 (3.2-4.3) 4.20 (3.80-4.45)
FIB-4 score 3.54 (1.73-6.72) 3.66 (1.90-5.99) 4.74 (1.91-9.89) 2.09 (1.46-3.85)
FIB-4 = 3.25, 1 (%) 267 (54) 97 (56) 137 (61) 33 (34)

SMV: Simeprevir; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated interferon; IQR: Interquartile range; BMI: Body mass index; PI: Protease inhibitor; HCV:

Hepatitis C virus; ALT: Alanine transaminase; AST: Aspartate transaminase.

Table 2 Comparison of the baseline characteristics of patients on simeprevir- and/or sofosbuvir-based regimens and patients on

telaprevir- or boceprevir-based regimens

SMV- and/or SOF-containing regimens TVR- or BOC-containing regimens P-value
Continuous: median (IQR)/categorical: n (%)

n 508 223
Age, yr 60 (54-64) 57 (51-61) <0.01"
Race, black, 1 (%) 71/508 (14) 41/223 (18) 0.13*
Gender, female, 1 (%) 183/508 (37) 79/223 (35) 0.89°
BMI, kg/m’ 27.7 (24.7-30.8) 27.1 (24.5-30.7) 0.65"
Diabetes, 1 (%) 111/508 (22) 48/223 (22) 0.89
Naive to treatment, 7 (%) 204/508 (40) 68/223 (31) 0.01*
HCV viral load, log IU/mL 6.15 (5.61-6.58) 6.31 (5.89-6.66) <0.01°
Hemoglobin, g/dL 13.8 (12.6-15.1) 14.3 (13.1-15.3) <0.01"
Platelet, x 10°/ L 143 (90-195) 152 (107-195) 0.19°
ALT, U/L 63 (39-105) 67 (44-106) 0.13°
AST, U/L 62 (38-99) 62 (39-104) 0.75°
Albumin, g/dL 40 (3.5-4.4) 42 (3.9-45) <0.01"
FIB-4 score 3.54 (1.73-6.72) 2,65 (1.77-5.60) 0.06°
FIB-4 = 3.25, 1 (%) 267/508 (54) 98/221 (44) 0.03*

223

"T-test; 7" "Mann-Whitney. SMV: Simeprevir; SOF: Sofosbuvir; TVR: Telaprevir; BOC: Boceprevir; IQR: Interquartile range; BMI: Body mass index; HCV:

Hepatitis C virus; ALT: Alanine transaminase; AST: Aspartate transaminase.

(95%CI: 55%-68%) among patients on SOF/RBV,
and 78% (95%CI: 68%-86%) among patients on
SOF/PEG/RBV. Among patients treated with SMV/SOF
£ RBV in the "COSMOS-like” cohort (which excluded
patients who had previously failed a PI and/or had Child-
Pugh class B or C cirrhosis), the SVR12 rate was 90%
(95%CI: 83%-94%). This is similar to the SVR12 rate
in the COSMOS study, which was 92% for patients with
METAVIR scores FO-2 and 94% for patients with METAVIR

Baishidenge  WJV | www.wjgnet.com

scores F3-4P4, SVR12 rates varied by GT for patients
treated with SOF/RBV, and ranged from 44% (95%CI:
34%-54%) for GT 1 to 83% (95%CI: 71%-90%) for
GT 2 (Table 3). A comparison between SVR12 rates with
regards to GT was not statistically feasible in the group
receiving SMV/SOF + RBV as only one patient in this
group was infected with GT 4. SVR12 rates did not differ
significantly between patients with GT 1 and GT 4 HCV in
the group treated with SOF/PEG/RBV.
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508 patients initiated SOF
or SMV based therapy

l l

‘ 178 patients initiated SMV/SOF + RBV ‘ ‘ 234 patients initiated SOF/RBV ‘ ‘ 96 patients initiated SOF/PEG/RBV

169 patients

215 patients 86 patients

with SVR data

3 patients with

imputed SVR data

6 patients LFU

with SVR data

with SVR data

5 patients with
imputed SVR data

6 patients with
imputed SVR data

14 patients LFU

4 patients LFU

Figure 1 Outline of the study cohort. Five hundred and eight patients initiated treatment. The number of patients with confirmed outcomes [sustained virological
response (SVR) 12 or non-SVR12], the number with imputed outcomes, and the number who were lost to follow-up on each of three regimens are indicated. SVR:
Sustained virological response; SMV: Simeprevir; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated interferon.

Table 3 SVR12 rates for 508 patients who initiated therapy
with simeprevir- and/or sofosbuvir-based treatment regimens,

calculated on an intention-to-treat basis, with imputed data on
14 patients

SVR12 rates
SVR/total, (%) 95%Cl, %

All treatments 372/508 (73) 69-77
SMV/SOF + RBV 153/178 (86) 80-91
“COSMOS-like" cohort 117/130 (90) 83-94
SOF/RBV 144/234 (62) 55-68
Genotype
1 45/102 (44) 34-54
2 57/69 (83) 71-90
3 35/52 (67) 53-79
4 7/11 (64) 32-88
SOF/PEG/RBV 75/96 (78) 68-86

SVR: Sustained virological response; SMV: Simeprevir; SOF: Sofosbuvir;
RBV: Ribavirin; PEG: Pegylated interferon.

Costs

The total cost of care from the payer’s perspective was
determined for all 508 patients (including the 24 LFU
patients). The analysis included costs of HCV medications,
laboratory tests, physician fees, and adverse event
management. Table 4 presents the total costs as well as
costs-per-SVR for each regimen. The total cost of care
for the 508 patients was $68.29 million. Treatment of the
136/508 (27%) patients who failed therapy accounted
for $18.23 million (27%) of these costs. Adverse event
management accounted for only about $289371 (0.4%)
of costs™,
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Costs-per-SVR were calculated on an ITT basis by
dividing the total costs by the SVR12 rate. As shown in
Table 4, the cost-per-SVR was $174442 (SD + $18588)
for SMV/SOF £ RBV; $223003 (£ $77946) for SOF/
RBV; and $126469 (£ $31052) for SOF/PEG/RBV. The
cost-per-SVR when drug costs were discounted by 50%
were $88,233 (£ $9188), $113223 (* $39282), and
$64657 (+ $16002) for SMV/SOF + RBV, SOF/RBYV,
and SOF/PEG/RBYV, respectively. The cost-per-SVR for
SMV/SOF + RBV was compared to the cost-per-SVR for
patients treated with TVR-based regimens at our center.
The median cost-per-SVR for TVR-based regimens was
$189322 (IQR: $143558-$211296) and the median
cost-per-SVR for SMV/SOF + RBV was $177975 (IQR:
$176455-$178138), which was significantly different (P
= 0.02) according to the Mann-Whitney U test.

Factors associated with SVR12

Univariable and multivariable logistic regression were
used to identify factors associated with SVR12 for the
470 patients with confirmed SVR12 test results. Data
are presented separately for the 3 regimens: SMV/SOF
+ RBV (Table 5), SOF/RBV (Table 6), and SOF/PEG/
RBV (Table 7). Among patients on SMV/SOF + RBV,
in a multivariable model that retained variables with a
P-value below 0.05, SVR12 was less likely in patients
with a history of failed PI treatment (OR: 0.20, 95%CI:
0.06-0.56, P = 0.01). Factors associated with SVR12
in patients treated with SMV/SOF + RBV were also
examined in a fully-adjusted model that retained all
variables except those that exhibited collinearity with
other variables (Table 8). In this model, SVR12 was less
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Table 4 Cost of care and cost-per-sustained virological response by treatment for 508 patients in study

HCV medications Adverse Event Lab fees ($) Provider fees Total cost of care 'SVR12 rate  Cost-per-SVR
$) costs ($) (%) (€)) (%) )
SMV/SOF + RBV 26379909 65231 89947 154488 26689574 153/178 (86) 174442 (18588)
SOF/RBV genotype 31616725 143770 136353 215584 32112432 144/234 (62) 223003 (77946)
1 15723055 106274 59942 94435 15983705 45/102 (44) 355193 (98493)
2 5736955 32477 37540 61136 5868109 57/69 (83) 102949 (21346)
3 8279942 5019 31914 49381 8366257 35/52 (67) 239036 (48831)
4 1876773 6956 10633 1894362 7/11 (64) 270623 (124)
SOF/PEG/RBV 9275858 80370 48929 82045 9487202 75/96 (78) 126469 (31052)

'SVR12 rate was calculated with imputations for 14 patients with an EOT response based on the average SVR12 rate for other patients on the same regimen.
SMV: Simeprevir; SOF: Sofosbuvir; RBV: Ribavirin; PEG: Pegylated interferon; SVR: Sustained virological response; HCV: Hepatitis C virus.

Table 5 Univariable and multivariable logistic regression analysis of factors associated with SVR12 for 169 patients treated with

simeprevir/sofosbuvir + ribavirin and a confirmed outcome

SMV/SOF + RBV Univariable Multivariable
OR 95%Cl P value OR 95%Cl P value
Age, per yr 1.01 0.96-1.06 0.73
Race, black 043 0.15-1.45 0.14
Gender, female 1.69 0.61-5.44 0.34
BMI, per kg/m” 0.97 0.87-1.08 0.55
Diabetes, 1 (%) 0.64 0.21-2.42 0.47
Naive to treatment 7.96 1.57-145.37 0.04
PI Failure 0.23 0.08-0.61 <0.01 0.2 0.06-0.56 <0.01
Ribavirin 0.78 0.29-2.03 0.61
HCV viral load, per log IU/mL 0.61 0.26-1.26 0.22
Hemoglobin, per g/dL 1.17 0.92-1.48 0.18
Platelets, per 103 /pL 1 0.99-1.01 0.19
ALT, per U/L 1 0.99-1.01 0.37
AST, per U/L 1 0.99-1.01 0.89
Total bilirubin, per mg/dL 0.56 0.29-1.06 0.06 0.52 0.28-1.02 0.06
Albumin, per g/dL 1.82 0.72-4.45 0.19
FIB-4 = 3.25 0.66 0.22-1.83 0.44

SMV: Simeprevir; SOF: Sofosbuvir; RBV: Ribavirin; OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; PI: Protease inhibitor; HCV: Hepatitis C

virus; ALT: Alanine transaminase; AST: Aspartate transaminase.

likely among patients with a history of PI failure (OR:
0.12, 95%CI: 0.02-0.52, P < 0.01), higher baseline
bilirubin (OR: 0.31, 95%CI: 0.08-0.86, P = 0.04),
and a higher viral load (OR: 0.21, 95%CI: 0.05-0.70,
P = 0.04). RBV use was not significantly associated
with SVR12 (OR: 0.64, 95%CI: 0.09-3.78, P = 0.63);
however, patients treated with SMV/SOF with RBV were
more likely to have a history of PI failure (P < 0.01),
reflecting a tendency to prescribe RBV for patients with
less favorable treatment characteristics (Supplementary
Table 3).

Among patients on SOF/RBV, SVR12 was less likely
among patients with a higher baseline total bilirubin
level (OR: 0.37, 95%CI: 0.24-0.55, P < 0.01) and
more likely among patients infected by GT 2 HCV (OR:
4.66, 95% CI: 2.06-11.42, P < 0.01) or GT 3 HCV (OR:
2.76, 95%CI: 1.22-6.59, P = 0.02) compared to GT 1.
There was no difference between GT 4 and GT 1 (Table
6). Among patients on SOF/PEG/RBV, SVR12 was more
likely among patients who were naive to treatment (OR:
7.01, 95%CI: 1.69-48.27, P = 0.02) and less likely
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among patients with a FIB-4 score = 3.25 (OR: 0.18,
95%(CI: 0.05-0.59, P < 0.01; Table 7).

Figure 2 presents forest plots of SVR12 rates and
95%CIs of various subgroups of the 470 patients on
each of the three regimens. Of note: Among patients
on SMV/SOF + RBV, the SVR12 rate was 77% (36/47)
among patients who previously failed PI treatment,
compared to 93% (114/122) among patients without a
history of PI failure, P < 0.01 (Figure 2A). SVR12 was
also significantly lower among patients with advanced
fibrosis/cirrhosis as noted by a FIB-4 score = 3.25 who
were treated with either SOF/RBV (83% vs 53%, P <
0.01, Figure 2B) or SOF/PEG/RBV (91% vs 61%, P <
0.01, Figure 2C).

DISCUSSION

HCV treatment is evolving at a rapid pace, and timely
data are needed regarding the clinical and economic
performance of current and emerging medical therapies.
This study provides information about the largest
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Table 6 Univariable and multivariable logistic regression analysis of factors associated with SVR12 for 215 patients treated with

sofosbuvir/ribavirin and a confirmed outcome

SOF/RBV Univariable Multivariable
OR 95%CI P value OR 95%CI P value

Age, per yr 0.98 0.95-1.01 0.14

Race, black 0.33 0.13-0.80 0.02

Gender, female 1.96 1.08-3.65 0.03

BMI, per kg/m’ 0.96 0.90-1.01 0.15

Diabetes 0.95 0.50-1.83 0.87

Naive to treatment 1.24 0.71-2.19 0.45

PI failure 0.33 0.11-0.89 0.03

HCV viral load, per log IU/mL 0.80 0.56-1.11 0.2

HCV genotype
1 Ref Ref Ref Ref Ref Ref
2 7.24 0.57-1.29 <0.01 4.66 2.06-11.42 <0.01
3 3.29 1.55-7.37 <0.01 2.76 1.22-6.59 0.02
4 2.03 0.57-8.21 0.28 191 0.51-8.06 0.35

Hemoglobin, per g/dL 111 0.95-1.32 0.17

Platelet, per 10°/uL 1.01 1.01-1.02 <0.01

ALT, per U/L 1 0.99-1.00 0.1

AST, per U/L 0.99 0.99-1.00 <0.01

Total bilirubin, per mg/dL 0.37 0.24-0.55 <0.01 0.47 0.30-0.69 <0.01

Albumin, per g/dL 3.15 1.98-5.19 <0.01

FIB-4 = 3.25 0.23 0.12-0.45 <0.01

CI: Confidence interval; OR: Odds ratio; BMI: Body mass index; PI: Protease inhibitor; HCV: Hepatitis C virus; ALT: Alanine transaminase; AST: Aspartate
transaminase; SOF: Sofosbuvir; RBV: Ribavirin; SVR: Sustained virological response.

Table 7 Univariable and multivariable logistic regression analysis of factors associated with SVR12 for 86 patients treated with

sofosbuvir/pegylated interferon/ribavirin and a confirmed outcome

SOF/PEG/RBV Univariable Multivariable
OR 95%CI P value OR 95%ClI P value

Age, per yr 0.99 0.94-1.04 0.67
Race, black 0.98 0.30-3.86 0.98
Gender, female 231 0.67-10.79 0.22
BMI, per kg/m” 0.95 0.83-1.09 0.42
Diabetes, n (%) 1.15 0.35-4.48 0.83
Naive to treatment 7.72 1.98-51.36 <0.01 7.01 1.69-48.27 0.02
PI failure 1.06 0.32-4.16 0.92
HCV viral load, log IU/mL 1.07 0.55-1.92 0.83
HCV genotype

1 Ref Ref Ref

4 1.42 0.33-9.83 0.67
Hemoglobin, per g/dL 1309 0.76-1.55 0.64
Platelets, per 10°/pL 1.01 0.99-1.02 0.14
ALT, per U/L 0.99 0.98-1.01 0.39
AST, per U/L 0.98 0.96-0.99 <0.01
Total bilirubin, per mg/dL 0.18 0.04-0.73 0.02
Albumin, per g/dL 3.50 1.21-11.04 0.03
FIB-4 =3.25 0.16 0.05-0.50 <0.01 0.18 0.05-0.59 <0.01

PEG: Pegylated interferon; SOF: Sofosbuvir; RBV: Ribavirin; OR: Odds ratio; CI: Confidence interval; BMI: Body mass index; PI: Protease inhibitor; HCV:
Hepatitis C virus; ALT: Alanine transaminase; AST: Aspartate transaminase; SVR: Sustained virological response.

consecutive series of patients treated at a single center world clinical practice in a diverse patient population.
in the United States with regimens containing SMV and/ Fourteen percent of the cohort was African-American,
or SOF that has been reported thus far. Importantly, we over half (54%) likely had advanced fibrosis/cirrhosis
examined outcomes in patients infected with GTs 1-4, as determined by FIB-4 score > 3.25, and 60% had
while other large studies of SMV- and/or SOF-based previously failed treatment, including 17% that failed
regimens in the United States were limited to patients prior treatment with PIs.

with single GTs!*>#?*34, This study provides data about Compared to the group of patients treated at our
the effectiveness of various regimens when used in real- center with first generation PIs, the group treated with

Raishidenge ~ WJV | www.wjgnet.com 66 November 12, 2017 | Volume 6 | Issue 4 |



Bichoupan K et a/. Real-world effectiveness: Simeprevir and/or sofosbuvir

Table 8 Fully adjusted multivariable logistic regression model of factors associated with SVR12 among 169 patients treated with

simeprevir/sofosbuvir + ribavirin and a confirmed outcome

SMV/SOF + RBV Univariable Multivariable

OR 95%Cl P value OR 95%Cl P value
Age, per yr 1.01 0.96-1.06 0.73 0.97 0.87-1.06 0.55
Race, black 0.43 0.15-1.45 0.14 0.66 0.11-4.90 0.66
Gender, female 1.69 0.61-5.44 0.34 0.41 0.08-1.94 0.26
BMI, per kg/m” 0.97 0.87-1.08 0.55 1.02 0.88-1.20 0.75
Diabetes, 1 (%) 0.64 0.21-2.42 0.47
Naive to treatment 7.96 1.57-145.37 0.04
PI failure 0.23 0.08-0.61 <0.01 0.12 0.02-0.52 <0.01
Ribavirin 0.78 0.29-2.03 0.61 0.64 0.09-3.78 0.63
HCV viral load, per log IU/mL 0.61 0.26-1.26 0.22 0.21 0.05-0.70 0.02
Hemoglobin, g/dL 117 0.92-1.48 0.18
Platelet, per 10°/uL 1 0.99-1.01 0.19 1.01 0.99-1.02 0.35
ALT, per U/L 1 0.99-1.01 0.37 1.01 0.99-1.02 041
AST, per U/L 1 0.99-1.01 0.89
Total Bili, per mg/dL 0.56 0.29-1.06 0.06 0.31 0.08-0.86 0.04
Albumin, per g/dL 1.82 0.72-4.45 0.19
FIB-4 = 3.25 0.66 0.22-1.83 044 0.89 0.10-6.29 0.92

BMI: Body mass index; PI: Protease inhibitor; HCV: Hepatitis C virus; ALT: Alanine transaminase; AST: Aspartate transaminase; SVM: Simeprevir; SOF:
Sofosbuvir; RBV: Ribavirin.
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Figure 2 Forest plot of sustained virological response 12 rates for 470 patients with confirmed outcomes. A: SMV/SOF + RBV; B: SOF/RBV; C: SOF/PEG/
RBV. Dotted lines represent the separation of categories. The sustained virological response 12 rate, number in each subgroup, and P value of the categorical
comparison are shown below the graph. SMV: Simeprevir; SOF: Sofosbuvir; RBV: Ribavirin; PEG: pegylated-interferon.

SMV- and/or SOF-based regimens was significantly
older and included a higher percentage of patients
with advanced fibrosis/cirrhosis. These differences are
consistent with the aging of the baby-boomer cohort,
which comprises over 75% of patients infected with
HCV in the United States™!. The greater tolerability
and effectiveness of the newer therapies allow patients
with more advanced liver disease to achieve an SVR12,
causing a shift in the demographic profile of patients
receiving treatment. The higher probability of cure and
reduced side effect profile may also may encourage a
greater number of patients to seek treatment**),
Whereas real-world SVR12 rates with TVR- and
BOC-containing regimens were lower than in large
registration trials!'®**, the SVR12 rates in this study
generally accord with results obtained in formal trials.
Among the 508 patients who began therapy, SVR12
rates calculated on an ITT basis were 86% for SMV/SOF
+ RBV, 62% for SOF/RBV, and 78% for SOF/PEG/RBV.
For comparison, in registration trials, SVR12 rates for
SMV/SOF + RBV ranged from 83%-97%"*!; for SOF/
RBV, they ranged from 56%-97%"!; and for SOF/PEG/
RBV, they ranged from 80%-90%""®. The relatively
low overall SVR12 rate for SOF/RBV in our population
likely reflects the fact that 48% (113/234) of patients
treated with SOF/RBV had GT 1 or GT 4 HCV. Published
data show that SVR12 rates may be lower for these
genotypes, especially in the setting of advanced liver
disease". Patients with GT 3 HCV also had a relatively
lower rate of SVR12 at 67%; this is similar to the SVR12
rate seen in another recent study assessing real-world
rates of SVR12 in patients with GT3 HCV, where the
SVR12 rate was 69.4%", In contrast, patients in our
study with GT 2 HCV who were treated with SOF/RBV
had an SVR12 rate of 83% (95%CI: 71%-90%), again
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consistent with the high rate of response to SOF/RBV
for GT 2 as published in the literature. Among patients
treated with either SMV/SOF = RBV or SOF/PEG/RBYV,
GT did not significantly impact SVR12 rates.

Multivariable logistic regression identified factors
associated with lower SVR12 rates, helping to define
patients who may benefit from alternative treatment
strategies. Among all treatment regimens examined, the
presence of more advanced liver disease was negatively
associated with achieving an SVR12. These findings
accord with another recently published study assessing
treatment outcomes among patients with GT4 HCV
treated with SOF/RBV or SOF/PEG/RBV, where those
with advanced liver disease were less likely to achieve
SVR12PY. The observation that more advanced liver
disease was associated with treatment failure across all
three regimens is noteworthy because advanced liver
disease is becoming increasingly prevalent in patients
with HCV infection™*", This underscores the urgency of
efforts to screen patients for HCV infection and transition
them into care in order to minimize liver disease pro-
gression and obtain the maximal benefits from HCV
therapies.

Cost of HCV eradication has become a major concern
for the general public and the medical community™. We
previously analyzed costs of TVR-based triple therapy
and found that TVR, which at the time cost $4606/wk,
accounted for the majority of the expenses™. The costs
of both SMV ($5530/wk) and SOF ($7000/wk) are higher
than TVR. In part because of this increased drug cost,
data from a recently published study suggested that cost-
per-SVR was relatively constant when comparing SMV/
SOF + RBV with TVR-based triple therapy*®®.. In contrast,
our data suggest that the median cost-per-SVR for
SMV/SOF + RBV is significantly lower than that of TVR-
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based treatment, likely because of a shorter duration of
treatment, reduced adverse event management costs,
and higher SVR12 rates compared with TVR-based
regimens. Heterogeneity in the demographic makeup
and percentage of patients with advanced fibrosis/
cirrhosis in study populations may account for the
discordant results.

Interestingly, SOF/RBV had the highest mean cost-
per-SVR, $223003. This may be related to the reduced
effectiveness of this regimen in patients with GT 1
and GT4 HCV®®!, Among patients with GT 2 HCV
treated with SOF/RBV, the mean cost-per-SVR was the
lowest for any regimen, $102949 (SD % $21346). In
addition to GT, the stage of liver fibrosis may affect the
choice and duration of treatment and therefore cost.
For instance, AASLD/IDSA guidelines suggest treating
patients with compensated GT 1 HCV cirrhosis for 24 wk
with the combination of SMV/SOF with or without RBV,
compared to 12 wk for those without cirrhosis!*®. This
regimen would therefore be more expensive in patients
with cirrhosis than in those without.

While DAAs remain expensive, it is hoped that the
increasing number of treatment options and increased
competition will drive costs down. This may especially
be important in emerging economies™®?, In addition to
occupying a place in the global market, SMV will likely
play an important role in specific settings, including the
treatment of HCV after liver transplantation, where it
has been used successfully without RBV with SVR12
rates ranging from 78%-88%******], SMV may also
play an important role in patients with a history of failed
NS5A inhibitor therapy. Approximately 5%-15% of
patients may fail therapy with regimens containing NS5A
inhibitors such as ledipasvir, elbasvir, or daclatasvir. These
treatment failures often occur in patients with HCV RASs,
some of which may confer cross-resistance for multiple
drugs within this class™®. In patients who fail NS5A
therapy, treatment with SMV/SOF can result in an SVR12
rate of 88%!*?l. RAS testing is becoming more common,
as it is recommended by AASLD guidelines prior to
initiation of therapy with elbasvir/grazoprevir'”’!. While
the newest NS5A inhibitor, velpatasvir (used in fixed-
dose combination with SOF) may be impacted less by the
presence of pretreatment RASs, this regimen remains
expensive and may not be accessible to all patients'®"’.
More precise targeting of therapy may improve patient
outcomes and reduce costs.

The strengths of this study include the large number
of patients who consecutively initiated therapy, as well
as the diversity of the cohort, which was comprised of a
racially heterogeneous population with varying stages of
liver fibrosis, treatment history, and HCV GT. Importantly,
costs were based on data from individual patients, as
opposed to aggregate outcomes or projections, and are
thus more reflective of costs incurred by payers.

Despite these strengths, our study group was not
large enough to delineate all the factors that may impact
SVR12 rates. Further, ITT analyses included treatment
outcomes (SVR12/non-SVR12) that were imputed in
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14 (2.75%) patients; however, any minor artifactual
elevation in the SVR12 rate that occurred because of this
imputation was likely more than off-set by the assumption
that all 24 LFU patients failed therapy. Finally, costs in this
study were only calculated from the payer’s perspective,
rather than from a patient or societal perspective.

In conclusion, this study provides the largest single-
center consecutive series of patients treated with SMV-
and/or SOF-based regimens in a diverse population.
Rates of SVR12 were high, and generally comparable
to those seen in registration trials. Cost-per-SVR was
dependent upon the drug regimen, and was influenced
by patient and HCV-specific factors. Patients with more
advanced liver disease were less likely to achieve SVR12.

COMMENTS

Background

Treatment options for patients with chronic hepatitis C virus (HCV) infection are
expanding rapidly. The first direct-acting antiviral drugs for HCV, telaprevir (TVR)
and boceprevir (BOC), were used in combination with pegylated interferon
(PEG) and ribavirin (RBV). These drugs led to enhanced rates of sustained
virological response (SVR), but had high rates of adverse events, cumbersome
dosing regimens, and high costs-per-SVR due to low SVR rates in clinical
practice. Newer regimens based on the NS5B inhibitor sofosbuvir (SOF) have
greater tolerability, easier dosing, and higher SVR rates, but remain costly.
Comparative data regarding the clinical and economic effectiveness of new
regimens are necessary to optimize selection of a treatment regimen for each
patient. This paper analyzes the clinical effectiveness and cost of simeprevir
(SMV)- and/or SOF-based regimens in a large, diverse real-world patient
population among patients infected with HCV genotypes 1-4.

Research frontiers

Efforts to screen patients within the baby-boomer cohort for chronic HCV
infection, direct-to-consumer advertising, and an increased drive to by the World
Health Organization to eliminate viral hepatitis by 2030 are allowing a greater
number of patients to receive care. Understanding the real-world effectiveness
and cost of various HCV treatment regimens can help providers optimize
therapy for their patients, especially in resource-poor areas that may not
have access to the newest and most costly treatment regimens. Prior studies
have addressed these questions among patients within more homogenous
populations, with respect to both ethnic diversity and HCV genotype. Here, the
authors assess effectiveness and cost an ethnically and genotypically diverse
patient population.

Innovations and breakthroughs

The authors offer an analysis of HCV cure rates using three treatment
regimens: SMV/SOF + RBV, SOF/RBV, and SOF/PEG/RBV. Cure rates with
these regimens are comparable to those seen in clinical trials. The authors
describe factors associated with a lower likelihood of SVR, which include the
presence of more advanced liver disease and prior failure of TVR- or BOC-
based triple therapy. Importantly, despite SMV and SOF being more expensive
medications than telaprevir or boceprevir, the cost-per-SVR was significantly
lower than that which was seen using TVR-based triple therapy.

Applications

These data will be useful to providers when selecting SMV- and/or SOF-based
therapy for patients, especially when newer and more expensive direct-acting
antiviral therapy is not available. A similar cost analysis could be performed
using newer drugs, utilizing the data presented in this study as a comparator.

Terminology

Sustained virological response - the absence of detectable HCV RNA in the
blood at 12 wk after completion of treatment. Direct-acting antiviral (DAA) drugs
- a class of oral drugs that directly inhibit HCV viral replication, which includes
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NS3/4A protease inhibitors (Pls) such as TVR, BOC, SMV, and grazoprevir;
NS5B polymerase inhibitors, including SOF and dasabuvir; and NS5A inhibitors,
including ledipasvir, velpatasvir elbasvir, daclatasvir, and ombitasvir.

Peer-review
From the clinical point of view, this study reports valuable results and gives clue
to clinicians to properly manage chronic HCV infection in patients.
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