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anti-HCV T cell responses with viral clearance, and distinguished features of anti-HCV T
cell responses associated with s ataneous versus  catment-induced clearance. We also
described distinct HCV-specific T cell re  onses in HIV cointection.  Together, these
findings emphasize the role of the immune system in HCV clearance, as well as in
control of chronic infection, and illustratc the « mplex interactions between chronic

pathogens in terms of their effects on the in  wne  stem.
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2.1.  Abstract

Hepatitis C virus (HCV) infection has emerged as a huge global epidemic.
Because "V and the human immunodeficiency virus (HIV) share several routes of
transmission, a significant proportion of  V-infected indivi 1als are coinfected with
HCV. Coinfection with these viruses complicates an already complex sect of issues
related to diagnosis, clinical disease progression, monitoring diseasc activity, treatment
options and basic immunology. Compared to HIV infection, our understanding of the
natural history and epidemiology of HCV fection remains preliminary, lcaving many
clinical and trcatment issues surrounding HCV/HIV coinfection unclear. The potential
impact of coinfection with HCV has become an important issuc in HIV research and
clinical care. This review addresses the v logy and natural history of [1V and HCV
infections, together with some of the relevant clinical and immunological aspects of HCV

infection and how these may be moditied in HIV coinfected individuals.










response is insufficient to clear the virus, d eventually viremia rebounds, CD4" T cell
counts fall to dangerously low  els and opportunistic infections symptomatic ot AIDS
develop. Common opportunistic infectic s in late stage HIV discase, which often
demand long-term prophylaxis, incll 2 Toxoplasma, Mpycobactertum avium
intracellulare, Pneumocystis jiroveci. Cytomegalovirus infection or reactivation may
occur, however only those who are chro cally immunosuppressed require secondary
trcatment. In addition to the many opportunistic infections, various virus-associated
malignancies such as Kaposi's sarcoma (human hcrpes virus 8), non-Hodgkins
lymphoma (Epstein-Barr virus), cervical cancer and anal cancer (human papilloma virus)
increase in prevalence with the immunodeticiency of advanced HIV infection.
2.3. Hepatitis C virus

Since initial identification of the HCV genome in 1989 (15), an tense research
effort has characterized HCV. HCV is a positive strand RNA flavivirus with a 9.6
kilobase (kb) genome translated as a sing polyprotein and cleaved into ten products,
four structural (core, E1, E2, p7) and six non-structural proteins (NS2, NS3, NS4A and B
and NS5A and B (16) (Figure 2.1). Several alternate reading frame proteins (F protein,
double frameshift protein, and short form of core +1) have also been described (17) and
although they may not function in the HCV lifecycle directly, they are immunogenic (18,
19) and perhaps immunomodulatory (20).

The HCV lifecycle begins with viral entry into the host cell. A number of cellular
receptors have been proposed, including ¢ 81 (21), heparin sulphate (22), low density

lipoprotein receptor (LDL-R) (23), scavenger receptor class B type 1 (SR-BI) (24),
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biopsies based on pathology and not in witro expanded cclls tound a depletion of
intrahepatic CD4" T cells in coinfected individuals compared with HCV monoinfected
that was not affected by peripheral CD4' T cell count (286).

The propensity to stimulate immunosuppressive cytokines may be exacerbated by
HIV coinfection, as HIV infection isa »: ociated with a skewing of T ccll responses
towards production of Th2 type anti-inflammatory cytokines and peripheral blood T cell
counts are often lower in HIV infection. Compared to monocytes from uninfected
individuals, more monocytes from HIV-infected individuals appear primed to produce
IL-10 when exposed to recombinant HCV proteins (268). CD8' T cells  »m coinfected
individuals were reported to sccrete TGF- and attenuate T cell responscs (287).
Surprisingly, against this backdrop of Th2 « :wed cytokine production, the results of one
study indicated that HIV coinfection incr¢  >d production of Thl type cytokines by T
cells stimulated with HCV proteins, relative to the cytokine production profile of T cells
from individuals chronically infected with  CV alone (288). Although this result seems
contradictory in terms of the h” ier HCV | 1sma virus loads and increased incidence of
chronic HCV infection in HIV coinfected individuals, it would fit with e accelerated
rate of immune-mediated liver disease.

In summary, anti-HCV T cell responses are present but weaker in peripheral
circulation compared with liver  thosce with chronic HCV 11 :ction. These responses
are further attenuated by HIV co  ‘ection. A stunned or exhausted CD8' T cell profile,
in the context of diminished CD4" T | responses over time, may partially explain the

failure of both peripheral and ¢ e tic T cell responscs.  No particularly
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clinical disease progression follows. As a result, liver disease has become one of the

leading causes of death for HIV-infected individuals in North America.
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producing IL-10. While the lineage of the : cells remains unclear, their properties and

trequency suggest a potential role in homeostatic or innate immunc suppression.
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0.2M sodium cacodylate). After 6 hours, Is were placed in 1% osmium tetraoxide for
20 minutes and washed. Cells v > dehy a 1 with increasing alcohol concentrations
from 75%-100% followed by an acetonc v sh and embedded in epoxide resin overnight
at 70°C. 90 nm secctions were cut, stained  th uranite acetate, and examined with a Jeol
1220X electron microscope.
3.3.8. Statistical analvses

All statistical analyses were performed using SPSS version 9 (SPSS Inc.,
Chicago, IL). Means were compared usir  cither the non-parametric Mann-Whitney U
test or the parametric Student’s r-test.  Nonparametric tests were used when either the
populations were not normal or the number of samples cach group was less than 12,
Parametric tests were used if the populatt  was normal and the group contained more

than 12 individuals.
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CD14CD36°CD61'IL10" cells did not e: ‘ess TLR-2, TLR-4 or TLR-9 (Figure 3.7).
The absence of these primarily | -in immatory receptors on the surface of the IL-10
producing cells is consistent with their prc iction of the anti-inflammatory cytokine IL-
10 and with a potential immunc  Hatc / role for these cells.
3.4.4. Ultrastructural characteristics of the IL-10 producing cells

To examine the ultrastructure of the IL-10 producing cells, we enriched for this
population by depleting PBM._ of T cells, B cells, monocytes and NK cells with
magnetic beads and antibodies ¢ 'nst CD2, CD3, CD14 and CD19. Remaining cells
were incubated with gold bead-conjugated anti-CD36 antibo es and t : CD36" cells
were visualized by electron microscopy. The CD36" cells were approximately 6 um in
diameter, similar to resting lymphocytes, with a high nucleus:cytoplasm ratio and large
amount « heterochromatin (F ire 3.8). Mitochondria were plentiful and rough
endoplasmic reticulum was very prominent in the cytoplasm, suggesting these were

highly synthetic, metabolically active cells.
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Figure 3.2. Comparison of ...-10" ce frequency in PBMC deter ined by flow

cytometry or ELISPOT in 6 r« « a individuals. The picture depicts test wells
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attenuation of this response, on  chronic infection is established, favours development

of hepatic immunopathology.
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cc versely, that attenuation of this response, once chronic 1 :ction is cstablished,

favours development of hepatic immunopathology.
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stimulants. Lymphoid cells v ited and stained for CD8 and IFN-y production, total
PBMC for IL-2 production, and monoc s were gated for [L-12 and IL-1 production.
4.3.6. Proliferation assays

Cellular immune responses were measured by standard 5 day thymidine
incorporation assay. PBMC were washed  ice with proliferation medium (lymphocyte
medium with 10% human AB serum (Atlan  Biologicals, lot number M0102) substituted
for FBS) and 1x10° cells/well were it 1b: :d in triplicate wi  ecither plain medium, 5
ng/mL phytohemagglutinin (IC  Biomedicals Inc., Costa Mesa, CA), 2.5 pg/mL
Candida albicans (Greer Laboratories Inc., Lenoir, NC), or 2 pg/mL HCV core, NS3,
NS4 or HIV p24 (all Virogen) tor 5 days. One pCi of tritiated (3H)-thymidinc (Perkin
Elmer Life Sciences, Boston, MA) was addcd to each well on day 4, and the assay was
harvested onto glass fiber mats 18 hours later using a semi-automated harvester (Tomtec
H vester 96 Mach M 11, Hamden, CT). Incorporated *H-thymidine was measured by a
96 well scintillation counter (T¢ Count, Packard, Meriden, CT). Stimulation indiccs
were calculated as follows:
Stimulation Index = cpmauigen

CPMipackground

Background counts were defined the 1t nber of cpm in the wells  ntaining only

medium.
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4.3.7. Statistical analyses

All statistical analyses were performed using SPSS version 9 (SPSS Inc., Chicago, IL).
In Figure 4.2, the group sizes were small 1d unequal. Therefore, nonparametric tests
were used to comparc means. Within a group, the Mann-Whitney U test was used, while
the Kruskal-Wallis test was used to test for differences between groups, as there were
greater than 3 groups. Neither test depenc  on the data distribution for calculation, and
the Kruskal-Wallis for multiple comparisons adjusts the alpha value to avoid inflation of
tv ¢ lerror. The Fisher's exact test us to compare the categorical data. All graphs

indicate mean values and error bars  resent standard error of the mean.
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Table 4.1. Patient characteristics

" Number (n)
Age (yrs+£SD)
Sex (%)

M
F
HCYV Genotype
()
1
Non-1
Unknown
1ICV status (%)
Chronic infection
(HCV RNA +)
Clearance

CV RNA -)
HCYV Risk Factor
(7o)
IVDU
Transfusion
Tattoo

Endemic area

HIV HIV/HCV Chronic HCV
24 10 3
41.747.0 39.2+3.85 49+15
75 80 66.7
o 20 333
N/A 100 0
N/A 0 0
N/A 0 100
N/A

80 100
N,

20 0
N/A 30 66.7
N/A 20 333
N/A 0 0
N 0 0
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Figure 4.2. (con’t) (b) Representative flow plots of ™™ 10 production in PBMC from an
HIV/HCV-coinfected individual at  incul  ion of PBMC with individual HCV proteins

at 2.5 pg/mL. Numbers

. resent the percentage of 1L-10 positive PBMC.
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beyond breadth and specificity of anti-HCV CDS8' T cell responses likely play an
p p

important role in disease course a  low HCV clearance rates of in HIV coinfection.
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magnitude were observed in coinfection but not in monoinfection. CD4' T cell responses
were rare and weak in both groups, independent of CD4" nadir or CD4' T cell count for
HIV-infected individuals. Not all coin :t¢ groups were simi , with sul oup analysis
indicating narrow anti-HCV CD8" T cell response brecadth and lower B cell counts in
serosilent coinfected individuals.

HIV coinfection was associated with stronger HCV-specific CD8' T cell
responses in this group of HCV coinfected individuals. Vigorous immune responses in
the context of persistent infection n  / contribute to rapid progression of liver diseasc in

this group.
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5.3. Materials and Methods
5.3.1. Study participants

HIV-infected and HIV/HCV-coinfected individuals were recruited from the St.
John’s General Hospital Infectious Disease Clinic, St. John's, NL, Canada. HCV-
infected individuals were recruited from the Capital Health Queen Elizabeth Hospital
Hepatitis Clinic in Halifax, NS, Canada. Ethics approval for this project was obtained
from the Human Investigation Commi ‘e at each institution, and all subjects provided
informed written consent for blood collecti  and immunological studics.

5.3.2. Identification of HCV infection

HCYV exposure was ascertained by testing for serum anti-HCV antibodics using
second or third generation EIA assays om Ortho Diagnostics.

To demonstrate the presence of HCV RNA, total nucleic acids were extracted
from plasma samples, using NucliSens® Lysis Buffer and the Nuclisens" Isolation Kit
(Organon Teknika, Durham, NC). Briefly, 200 pL of plasma was added to I mL of lysis
buffer. Silica beads were added to bind free nucleic acids, followed by successive
washes with 70% ethanol, 95% cthanol, and acctone. Nucleic acids were removed from
the silica at 56°C with the elution buffer provided. Thirty pL of eluant was trozen at —
20°C it not used immediately for cDNA synthesis.

Complementary DNA (¢ VA) was produced from isolated RNA using a first-
strand ¢cDNA synthesis kit (Amersl n Bic iences, Baie d’Urf¢, Québec). Eight pL of
extracted nucleic acid was denatu  at 65°C for 5 minutes and added to a reaction mix

containing random hexamer primer, deoxyribonucleotides, and Moloncy Murine
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5.5. Discussion

HCV evades eradication by the im1 e system and establishes ¢ onic infection
in a majority of exposed individuals. 1 the context of HIV coinfection, HCV infection
not only becomes chronic more frequently, but also accclerates development of liver
disease. The role of in umity against HCV, particularly in the context of HIV
coinfection, is not well understood, and few studics have used complcete sets of HCV
peptides to examine T cell responses in this sctting.  We investigated whether HIV
coinfection affects the overall character of e cell mediated 1 munity against HCV by
comparing the breadth, frequency, speciticity and magnitude of anti-HCV responses in
HCV-infected and HIV/HCV coinfected inc riduals with a comprchensive set of peptides
spanning the entire HCV polyprotein. CL T cell responses were rare in both groups,
and CD8' T cell response breadth was reduced in a subgroup of seros nt coinfected
individuals. Otherwise, the frequ  cy, breadth and specificity of HCV-specific CD8' T
¢« responses in the 2 groups did not difter significantly. The coinfected individuals had
significantly stronger responses, which may amplity the immunopathogenesis of HCV in
HIV coinfection.

Approximately 70% of individuals in both the HCV-infected and HIV/HCV
coinfected groups had detectable HCV-specific CD8" T cell responses. which was a
higher frequency than reported in some previous studies.  Dutoit ct al. found
approximately 40% of individuals produced IFN-y responses (282), and Kim et al.
described anti-HCV CD8" T « | spo s in only 50% of HIV/HCV coinfected

individuals (252). An carlier stuc reported HCV-specific € 8" . cell responses in only
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Table 5.1. Baseline demographics and cI -acteristics in the HIVVHCV
coinfection and HCV monoinfection gror

HIV/HUYV Chronic HUV
Number (n) 12 22
Age (yrs) 4045 47£10
Sex (%)
M 75 77
F 25 23
HCYV Genotype
(o)
1 )0 40
Non-1 0 5
Unknown 0 55
HCYV Risk Factor
(%)
IVDU 25 50
Transfusion 17 14
Tattoo 0 5
Endemic area 0 14
Unknown S 23
Est. duration of
infection (yrs)
HIV N/A
HCV Unk 2610
Liver enzymes
(%)
Normal 100 68
>2ULN' 0 27
Unknown 0 5

' LN Twice the upper limit of normal
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clearance. Thercfore, therapeutic 1d proj ylactic vaccine strategies may need to engage

different characteristics of cell-mediated im  unity against HCV.
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studies have shown augmentation of CD4" and CD8" T cell responses d ing successful
HCV treatment with IFN-a and nbav n (351, 421, 422); however, reciprocal
interactions between pharmacolr ~“cal and  munological suppression of HCV within the
setting of successful treatment remain unclear.

Chronic HCV infection leads to si: ificant morbidity and mortality, therefore, a
prophylactic vaccine and more efficient munotherapy would be highly beneficial.
Since CD4" and CD8" T cell responses are associated with viral clecarance, and may be
augmented during immunostimulatory treatment with IFN-a, further delineation of the
rc > HCV-specific T cell responses play in spontaneous and treatment-induced HCV
clearance is required.

Most previous studies used individi | peptides for assessing HCV-specitic CD§"
T cell responses and did not di  tly compare the character of anti-HCV CDS8' T cell
immune responses in spontaneous versus treatment-induced clearance. We used sets of
peptides spanning the entire HCV polyprotein to assess HCV-specific T cell response
character as a composite of four features: b dth, specificity, magnitude, and vigor. We
then compared the composite character of anti-HCV CD8' T cell res nses in HCV
persistence, treatment-induced clearance and spontaneous clearance. The composite
character of the CD8" T cell responses was stronger in the two groups at cleared the

virus, but different components of character predominated in each group.
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6.3.7. Statistical analyses

All statistical analyses were performed us : SPSS version 9 (SPSS Inc., Chicago, IL).
Means werc compared usii  either the Mann-Whitney U test or Student’s t-test.  All
graphs indicate average values, and error bars represent standard error of the mcan.
Pearson’s correlation coefficients were used to assess relationships between independent

continuous variables for linear sion.
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6.4.7. Overall T cell response character

Table 6.2 summarizes HCV-sp tfic CD4" and CD8' T ccll response
characteristics in the four groups tested, and semi-quantitatively compares the character
of the groups. CD4' T cell responses w : not assessed in the treated non-responder
group, therefore, overall charac v asscssed both with and without CD4" T cell
responses to allow comparison across all groups. The character of HCV-specitic T cell
responses was strongest in the treated resp  der and spontanco  clcarance groups (14+

and 13+ cumulatively) and least in the treat  non-responder group (4+).
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character of the response may hc 1 the I y to clearance. We found qualitative and
quantitative differences in the character of HCV-specific CD8" T cell responscs in
comparing individuals who effectively cleared the virus by two different mechanisms.
T s raises the possibility of multiple eff :ive ways to augment HCV-specific T cell
responses. HCV mutates rapidly and as such, tine specificity-based vaccines may have
limited applicability. Our data suggest that the individual epitopes targeted may be less
important than a strong overall CD8" T cell response, and that therc may be multiple

ways to effectively produce a ster zi1  in 1une response.
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manipulated by HCV proteins to produce ore IL-10. This work provides insight into
v at constitutes a successful in e response to HCV, how the virus may cause worse
disease in HIV coinfection, and provi s a potential target for immune manipulation to
a eliorate immunopathogenesis.  Further studies to delineate how effector T cell
maturation is affected by HCV  d to elucidate the lineage of CD36'IL-10" cells will
provide exciting information t  impacts ot just HCV infection, but immunology in

general.
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