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Abstract
Background—Hepatitis C (HCV) recurrence following orthotopic liver transplantation (OLT) is
universal, often with accelerated allograft fibrosis. Donor liver steatosis is frequently encountered
and often associated with poor early post-operative outcome. The study’s aim was to test the
hypothesis that allograft steatosis alters immune responses to HCV and self-antigens promoting
allograft fibrosis.

Methods—Forty-eight HCV OLT recipients (OLTr) were enrolled and classified based on
amount of allograft macrovesicular steatosis at time of OLT. Group 1-No Steatosis (0–5%
steatosis, n=21), Group 2 – Mild (5–35% - n=16), Group 3 – moderate (>35%, n=11). Cells
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secreting IL-17, IL-10, IFN-γ in response to HCV antigens were enumerated by ELISpot. Serum
cytokines were measured by Luminex, antibodies (Abs) to Collagen (Col) I, II, III, IV, V by
ELISA.

Results—OLTr of moderate steatotic grafts had the highest incidence of advanced fibrosis in
protocol one-year post-OLT biopsy (10.8% vs. 15.8% vs. 36.6%, r = 0.157, p<0.05). OLTr from
Groups 2 and 3 had increased HCV specific IL-17 (p<0.05) and IL-10 (p<0.05) with reduced IFN-
γ (p<0.05) secreting cells when compared to group 1. This was associated with increase in serum
IL-17, IL-10, IL-1β, IL-6, IL-5 and decreased IFN-γ. In addition, there was development of Abs to
Col I, II, III and V in OLTr with increased steatosis (p<0.05).

Conclusion—The results demonstrate that allograft steatosis influences post-OLT HCV specific
immune responses leading to a IL-17 T-helper response and activation of humoral immune
responses to liver associated self antigens which may contribute to allograft fibrosis and poor
outcome.
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INTRODUCTION
Hepatitis C virus (HCV) liver disease is the leading indication for orthotopic liver
transplantation (OLT) in United States (1, 2). In 2010, among 16,904 UNOS registrants only
5763 OLT were performed (3). To meet the demand, ‘extended criteria’ donors after cardiac
death and “steatotic” livers are often used for OLT. Steatotic allografts are cautiously used
due to early post-operative complications (4–6). Due to high prevalence (25–50%) of
potential donors with significant liver steatosis (7, 8), its effect on outcome in HCV
recipients requires further investigation.

HCV recurrence in the allograft is near universal often leading to accelerated fibrosis
compared to native liver (9–11). Immunological factors including T-cell responses to HCV
(12–15), immunity to extracellular matrix (ECM) antigens (Collagens [Col]) (16) have been
implicated in progression of allograft fibrosis. Donor factors including graft quality can
influence HCV recurrence (17). Briceňo et al demonstrated that allografts with greater than
30% steatosis were associated with increased fibrosis (18). However, Burra et al found no
impact of steatosis on fibrosis and outcome (19). Steatotic allografts have an increased
susceptibility to ischemia-reperfusion injury (20, 21) and have poorer functional recovery (5,
22). In this context it is interesting to note the influence of duration and degree of ischemia-
reperfusion injury on HCV recurrence (23, 24).

This study’s aim was to evaluate the effect of allograft steatosis on post-OLT HCV
immunity. We hypothesized that steatotic allografts increase susceptibility to HCV mediated
injury, the development of immunity against ECM antigens (Col), thus promoting fibrosis.
The results presented demonstrate that OLTr of steatotic allografts have increased Th17 and
Th2 responses to HCV and suppression of Th1. This was also associated with the
development of antibodies (Abs) to self-antigens (Col).

RESULTS
Patient Demographics

Eighty-five subjects were included - 48 HCV OLTr, 27 non-HCV OLTr and 10 healthy
subjects. OLTr were classified by allograft macrovesicular steatosis at the time of OLT:
Group 1–3 HCV OLTr; Group 4–6 Non-HCV OLTr : Group 1 (n=21) and Group 4 (n=11) –
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No steatosis; Group 2 (n=16) and Group 5 (n=10) - Mild Steatosis; Group 3 (n=11) and
Group 6 (n=6) - Moderate/severe steatosis. Among the HCV OLTr, time from OLT for
blood and biopsy was similar in all groups (312 ± 10 vs. 340 ± 24 vs. 306 ± 22 days). No
differences were noted in clinical demographics (Table 1a) including pre-transplant MELD
and donor characteristics. Peak transaminase levels after OLT were significantly higher in
Group 3 OLTr compared to groups 1 and 2 (AST – 1905 vs. 2809 vs. 3883 IU/mL, p=0.026,
ALT – 1236 vs. 1359 vs. 1776 IU/mL, p=0.039).

In 15 subjects (Group 1 – 6, Group 2 – 5, Group 3 – 4) biopsy due to clinical suspicion
(rejection/obstruction) was performed during first year post-OLT. Biopsy confirmed acute
rejection (Banff schema (25)) was similar (25%, 27% and 22%) including severity (mild or
moderate, no severe rejection). One patient (Group 1) developed biliary obstruction and
underwent stent placement. Acute rejection was treated with bolus steroids as first-line
therapy and in two non-responders (group 1) with thymoglobulin/OKT3. None of the
subjects received anti-viral therapy post-OLT.

Clinical demographics of the non-HCV OLTr were similar (Table 1b). In them also, peak
transaminase levels were significantly more in moderate/severe steatotic grafts (AST – 743
vs. 1309 vs. 2708 IU/mL, p=0.03, ALT – 934 vs. 1405 vs. 2017 IU/mL, p=0.027).

Ten healthy subjects (no pre-existing liver or autoimmune disease; age 35 ± 8 years,
male:female ratio 6:4) were included to standardize ELISA for detection of Abs to Col.
Control subjects were HIV, HBV and HCV negative.

Higher prevalence of advanced fibrosis post-OLT in patients with higher donor graft
steatosis at OLT

Allograft fibrosis was determined in biopsy by modified Batts Ludwig score (26). Group 3
HCV OLTr whose grafts had moderate/severe steatosis at OLT had the highest incidence of
fibrosis (Stage 3–4) when compared to Group 2 and 1 – 36.6% vs. 15.8% vs. 10.8%, p<0.05.
Fibrosis post-OLT had a significant positive correlation with extent of steatosis at time of
OLT with a spearman rho of 0.157, p<0.05.

In the biopsy of 15 subjects that underwent biopsy within 6 months post-OLT for clinical
indications, there was no significant fibrosis. There was no correlation of other factors
including rejection (r=0.024, p=0.45) and donor age etc. with post-OLT fibrosis. Non-HCV
OLTr did not demonstrate significant fibrosis post OLT

Increased IL-17, IL-10 and decreased IFN-γ secreting cells to HCV antigens in OLTr of
higher grades of graft steatosis

Immune responses to HCV antigens (NS3, NS4, NS5, core) were determined by ELISpot.
Group 3 HCV OLTr had significantly higher frequency of HCV specific IL-17 cells when
compared to groups 2 and 1 (in mean spots per million cells (spm) ± SE; groups 3 and 2, 1:
Core: 23.3 ± 3.4 vs. 12.2 ± 5.2 vs. 10 ± 2.1, p=0.043; NS3 - p=0.03; NS4 p=0.051; NS5
p=0.049;) (Figure 1a). There was no difference in the cells secreting IL-17 in response to
HIV and PHA among the groups.

Group 2 and 3 HCV OLTr demonstrated significantly increased frequency of HCV specific
IL-10 cells when compared to Group 1 (groups 2, 3 and 1; Core: 259.6 ± 30.5 vs. 402.3 ±
37.2 vs. 107.2 ± 23.5 spm, p=0.01; NS3 - p<0.01; NS4 - p=0.02; NS5 - p<0.01) (Figure 1b).
When compared to group 1, both groups 2 and 3 HCV OLTr had significantly lower
frequency of cells secreting IFN-γ in response to HCV (groups 2, 3 and 1; Core: 34.3 ± 14.1
vs. 9.1 ± 2.4 vs. 133.6 ± 42.7, p=0.01; NS3 - p=0.032; NS4 - p=0.02; NS5 – p=0.045)
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(Figure 1c). These results indicate that with increasing steatosis, there was an increase in
IL-17 and IL-10 in response to HCV antigens with a decrease in IFN-γ.

Increased serum cytokines (IL-1β, IL-4, IL-17, IL-10, IL5, IL-6 and IL-8) and chemokines
(IP10, MIP, Eotaxin, MCP1) in HCV OLTr of grafts with moderate to severe steatosis

Serum IL-17, IL-6, IL-1β, IL-4, IL-5, IL-10 and chemokines IL-8, IP10, MIP, Eotaxin and
MCP-1 were increased in group 2 and 3 (Table 2). Ten subjects’ were analyzed 6 months
post-OLT - Group 1 – 4; Group 2 & 3 – 3 each. Recipients in Group 3, demonstrated a
significant increase in these cytokines and chemokines when compared to Groups 1 and 2.
In addition IFN-γ in Group 3 OLTr sera were significantly lower than groups 1 and 2 (at 1
year: 23.9 ± 1.1 vs. 27.9 ± 2.3 vs. 25.8 ± 1.8 pg/mL; and at 6 months - 22.74 ± 4.57 vs.
63.29 ± 3.69 vs. 34.69 ± 6.53 pg/mL, p =0.046, Table 2). There were no differences in the
levels of other cytokines and chemokines (data not shown). Thus there was an increase in
IL-17, pro Th-17 (IL-6, IL-1β), Th2 (IL-10, IL-4) cytokines and pro-inflammatory
chemokines in OLTr of higher steatotic grafts with a suppression of Th1 (IFN-γ) cytokines
and which was significant in the early post-OLT period.

HCV OLTr of mild to severe steatotic grafts develop increased antibodies to self antigens
(Col)

All HCV OLTr developed Abs to Col I, II, III, and V when compared to controls.
Additionally, both groups 2 and 3 had significantly higher levels of Abs to Col I (p=0.031),
Col II (p=0.029), Col III (p=0.047), Col V (p=0.048) (Figure 2A, B, C, E). There was no
significant difference in the Abs to Col IV among the groups (p=0.23) (Figure 2D). The Abs
titers in non-HCV OLTr in the various steatotic groups did not significantly differ from
healthy controls (Figure 2 A–E).

Patient and graft survival in HCV OLTr
Patient and graft outcome in all OLTr (HCV =131; non-HCV=178) between January 2002
and December 2008 was analyzed (Figure 3A–3D). Mean patient survival was similar in the
groups (HCV OLTr – 5.4±0.2, 6.3±0.4, 4.9±0.8 years; non-HCV OLTr – 6.4±0.3, 6.8±0.6,
4.7±0.7 years). Mean graft survival among HCV OLTr was 5.3±0.25, 6.3±0.4, 4.9±0.8 years
and among non-HCV OLTr was 6.3±0.4, 6.7±0.6, 4.6±0.7 years. Patient survival at 3
months in HCV OLTr was 97%, 100%, 91% and 1 year - 93% vs. 94% vs. 82% (p=0.24). In
non-HCV OLTr 3 month survival was 95%, 88% and 86% and 1 year survival was 90% vs.
85% vs. 71%(p=0.47). There was no difference in survival between HCV and non-HCV
OLTr (Figure 3A, C).

DISCUSSION
Many factors both in the donor and recipient including immune responses affect prognosis
in HCV OLTr, (14, 17, 23, 27–32). This study evaluated the impact of donor graft steatosis
on changes in post-OLT HCV immunity. In HCV OLTr, increasing grade of allograft
steatosis positively correlated with fibrosis one-year post-OLT. These OLTr had increased
HCV specific IL-17 and IL-10 with decreased IFN-γ secreting cells (Figure 1). This was
associated with an increase in serum IL-17, pro Th-17 (IL-6, IL-1β) and Th2 (IL-4, IL-10)
cytokines (Table 2). Additionally, HCV OLTr also developed abs to self-antigens (Col I, II,
III, V) whose titer was more in OLTr of moderate/severe steatotic grafts. These results
support the contention of donor steatosis being an important factor in viral recurrence and
fibrosis (18) and further suggest a role for allograft steatosis in influencing post-OLT HCV
immune responses development of immunity to self-antigens.
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Earlier studies have associated graft steatosis with poor function (28, 29), but these grafts
when appropriately selected can have functional recovery (5). The degree of steatosis
decreases soon after OLT (33) and in this study also there was lack of any significant
steatosis in the grafts one-year post-OLT(data not shown) with no difference in overall
survival. Similar to previous findings (5–7, 20, 22), this report demonstrates that OLTr of
moderate/ severe steatotic grafts had higher transaminases (AST and ALT, p<0.05) in the
first week following OLT (Table 1) signifying increased reperfusion injury. OLTr of
moderate to severe steatotic grafts have increased coagulopathy and a stormier post-
operative period (5, 6). Several studies including by Verran and Chui et al (6, 34) report
increased early poor function and survival in moderate/severe steatotic grafts. These could
serve as a possible explanation for the poor early survival of steatotic allografts, however
this was not statistically significant (Figure 3).

HCV recurrence is universal (35, 36) and in peri-OLT period early preservation and
reperfusion injuries have been associated with HCV recurrence and poor outcome (23, 24).
Therefore, it is likely that post-operative stress sets up an inflammatory process that can alter
the host immunological response to HCV. This in turn can promote HCV pathologic injury
and recurrence resulting in development of allograft fibrosis. Although events immediately
post-OLT couldn’t be analyzed due to non-availability of serial samples, the significant
differences in cytokine levels 6 months post-OLT even with a smaller number of samples
(Table 2b) support the hypothesis that early inflammatory events may determine the course
and progression of HCV infection and fibrosis.

The immune response to HCV is a critical determinant of allograft fibrosis and a
predominant Th2 (13, 14, 37) and Th17 (15) immunity is associated with increased fibrosis
and poor outcome. Cytokines including IL-1β, IL-6 and IL-8 have been shown to promote
fibrosis (38–41). These cytokines also favor Th17 responses and suppress IFN-γ (15). In this
study we demonstrate that such HCV immune responses are more prominent in OLTr of
grafts with higher grade of steatosis (Figure 1, Table 2). We propose that this prevents viral
clearance and enhances liver damage, increased ECM turnover and the development of
fibrosis.

The inflammatory process that follows ischemia reperfusion injury and HCV mediated liver
damage may lead to exposure of cryptic self-antigens such as Col thus precipitating an
immune response. A recent study from our laboratory found that Abs to Col I, II, V are
associated with the development of fibrosis both in non-OLT and post-OLT HCV patients
(16). In this study as well, the degree of allograft steatosis demonstrated positive correlations
with Abs titer and fibrosis (Figure 2). The mechanistic role of these Abs in the development
of fibrosis can be postulated from reports in lung and heart transplantation wherein humoral
and cellular (especially Th17) responses to self-antigens are implicated in the
immunopathogenesis of fibrosis and chronic allograft rejection (42, 43).

This is further explained by an increase in IL-17 that has been shown to play a role in the
development of autoimmune B-cells and liver fibrosis (15, 44). An increase in IL-17 in
steatotic allografts along with a pro-Th17 cytokine milieu (IL-6, IL-1β) may facilitate Th-17
immune responses to self-antigens (Col) leading to the production of Abs. These immune
responses characterized by increased IL-6 and IL-17 can also lead to increase in other pro-
fibrotic growth factors (transforming growth factor beta and connective tissue growth
factor), which will result in ECM turnover and allograft fibrosis (45).

In non-HCV OLTr however there is no significant immune response to self-antigens (Figure
2) and there is no significant fibrosis post OLT (data not shown). In these non-HCV OLTr,
only ischemia reperfusion injury plays a role and the additional HCV mediated responses
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doesn’t occur. Thus both an early post operative stress and the continued HCV mediated
liver damage may be critical for exposure of cryptic self-antigens or determinants for
development of immune responses to self-antigens and subsequent allograft fibrosis.

A limitation of this study is that due to lack of serial samples post-OLT, early changes and
effects of steatosis on HCV replication and immune responses as well as the temporal and
mechanistic correlation of development of Abs to self-antigens and allograft fibrosis could
not be determined.

In conclusion, this study demonstrates that extent of graft steatosis significantly influences
post-OLT HCV specific immune responses and development of allograft fibrosis. Increasing
grades of steatosis favors the development of predominant Th17 type HCV specific
responses with a concomitant suppression of Th1 (IFN-γ). In addition, early inflammatory
changes in the allograft due to steatosis and inflammatory cytokine milieu can perpetuate the
development of Abs to self-antigens (Col). We propose that HCV specific as well as
immune responses to self-antigens collectively promote allograft fibrosis and lead to a poor
outcome especially in HCV OLTr of grafts with moderate to severe grades of steatosis.

MATERIALS AND METHODS
Patient Population

HCV OLTr at Barnes Jewish Hospital, Washington University, St. Louis were consecutively
enrolled (January 2002 to December 2008). Among 131 HCV OLTr, a cross-sectional
analysis was conducted on 48 HCV OLTr by obtaining blood and post-OLT biopsy on same
day of one-year follow up. Twenty-seven non-HCV OLTr were also enrolled and blood
collected at similar time point. HCV infection was confirmed by HCV+ RNA PCR (Roche
Diagnostics), anti-HCV Abs (Abbot Laboratories, Chicago) and liver pathology. Patients
with Hepatitis B (HBV) and/or Human Immunodeficiency virus (HIV) co-infection were
excluded. In 10 HCV OLTr, additional six months post-OLT samples were analyzed.
Clinico-demographic data was obtained retrospectively. Laboratory parameters were at time
of biopsy and peak transaminase level was their highest concentration immediately
following OLT. Control healthy subjects were enrolled when donating blood at HLA
laboratory. The study was approved by the Institutional Review Board and informed consent
obtained from all subjects.

Allograft Histology
Pathologists estimated steatosis in graft biopsies (wedge or core from left lateral segment)
taken either at the time of procurement or immediately post-reperfusion (5). HCV (Group 1–
3) and non-HCV (Group 4–6) OLTr were stratified by macrovesicular steatosis estimated by
extent of large droplet fat occupying the parenchymal area: Group 1&4 – Up to 5%
steatosis, Group 2&5 – 5 to 35% steatosis and Group 3&6 – greater than 35% steatosis.

Protocol one-year post-OLT and biopsies obtained for clinical indications were graded by
pathologists for fibrosis by modified Batts Ludwig score (26). Patients were dichotomized
into those with advanced fibrosis (Stage 3–4) and without fibrosis (Stage 0–2). Acute
rejection was scored by Banff Schema (25).

Isolation of Mononuclear Cells and serum samples
Serum was stored at −70°C. Peripheral blood mononuclear cells (PBMC) were isolated by
density gradient using Ficoll-Hypaque and used either immediately or frozen in 10%
dimethyl-sulfoxide.
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HCV and Peptide Antigens
Recombinant HCV core, and non-structural (NS3, NS4, NS5) (Fitzgerald Industries, Acton
MA), HIV (Gp120 peptide, Biosynthesis, TX), PHA (Sigma, St. Louis, MO) antigens were
tested endotoxin-free (15). PBMCs were stimulated with antigens (5 µg/mL) in 24-well
plates at 37°C in 5% CO2 overnight before use.

Enzyme Linked Immunospot assay (ELISpot)
ELISpot was performed as described previously (14, 15). Stimulated PBMCs were cultured
in triplicate (3×105 cells /200µL) in immunospot plates in presence of antigens (5µg/mL) for
72 hours. IFN-γ, IL-10 and IL-17 (BD Bioscience, CA) ELISpot were performed as per
manufacturer’s instructions and spots analyzed in ImmunoSpot Analyzer (CTL, Cleveland,
OH). Cells cultured in medium (CTL) and irrelevant peptide (HIV) were used as negative
and PHA as positive control. Spots in the experimental wells +2 standard deviations (SD) of
negative control were considered significantly positive and expressed as spots per million
cells (spm).

Luminex Assay for serum cytokines
Serum cytokines and chemokines were measured using human 25-plex immunoassays
(Invitrogen, Carlsbad, CA) (15). Plates were read on Luminex xMAP™ (Fischer, Pittsburgh,
PA). Concentrations obtained by the standard curve were expressed in pg/mL.

Enzyme Linked Immunosorbent Assay (ELISA) for antibodies to Collagens
Abs to various Col were determined by ELISA (16, 42). ELISA plates were coated with
recombinant human - Col I (Cell Sciences, Canton, MA), Col II, III and V (Sigma), and Col
IV (Biodesign International, Saco, ME). Serum was tested for binding to Col. Detection
done by peroxidase-conjugated goat-anti-human (Jackson Immunoresearch, West grove,
PA), developed using tetramethylbenzidine and read at 450nm. Concentration of Abs was
calculated using standard curve of known concentration of anti-Col (Santa Cruz
Biotechnology, CA). Positive cut off was set as +2SD of mean in normal subjects. This was
14ng/mL for anti Col I, 2ng/mL - anti Col II, 5ng/mL - anti Col III, 1ng/mL - anti Col IV,
140ng/mL - anti Col V.

Statistical Analysis
Analysis performed using SPSS v17 (SPSS Inc., Chicago). Schapiro-Wilks test was used to
check for normality and non-normal data log transformed. Kruskal Wallis and Mann
Whitney U-test were used to compare clinical demographics, cellular responses and
cytokine and Abs concentrations between groups. Correlation analysis was performed by
Spearman rank test. Patient and allograft survival were compared by Kaplan Meier and Log-
rank tests. Two-sided level of significance set at p<0.05.
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Abbreviations

Abs antibodies

Col Collagens

ECM Extracellular matrix

ELISpot Enzyme Liked Immunospot

ELISA Enzyme linked immunosorbent assay

HBV Hepatitis B Virus

HCV Hepatitis C Virus

HIV Human immunodeficiency virus

IL Interleukin

IFN-γ Interferon gamma

MELD Model for end stage liver disease

NS non-structural

OLT Orthotopic Liver Transplantation

OLTr Orthotopic liver transplantation recipient

PBMC peripheral blood mononuclear cells

PHA Phytohemagglutinin

PCR polymerase chain reaction

SPM spots per million cells

SE standard error

Th cell T- helper cell
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Figure 1. Increased HCV specific IL17 and IL10 and decreased INF-γ secreting cells in HCV
OLTr with donor liver grafts of mild to severe steatosis
ELISpot comparing IL17(1a), IL-10(1b) and IFN-γ(1c) response to HCV antigens (NS3,
NS4, NS5, CORE) and non specific peptide (HIV Gp120 – negative control) among three
groups – Group 1 (no steatosis – 0–5% macrovesicular steatosis; white bars), Group 2 (mild
steatosis – 5-5% macrovescicular steatosis; grey bars), Group 3 (moderate/severe steatosis -
>35% steatosis; black bars). 3×105 PBMCs were cultured per well and each antigen was
cultured in triplicate. Figure 1a IL-17 between groups 3 and 2, 1: NS3: 39.3 ± 2.7 vs. 20.3 ±
4.2 vs. 10 ± 2.3, p=0.03; NS4: 23.6 ± 1.6 vs. 16.6 ± 3.8 vs. 15 ± 3.2 spm, p=0.051; NS5 18.3
± 1.4 vs. 12.4 ± 2.6 vs. 12 ± 1.4, p=0.049; Core: 23.3 ± 3.4 vs. 12.2 ± 5.2 vs. 10 ± 2.1,
p=0.043. Figure 1b IL-10 between groups 3,2, 1 - NS3: 387.6 ± 56.3 vs. 373.8 ± 69.8 vs.
192 ± 50.3 spm, p<0.01; NS4: 325 ± 52.6 vs. 277.8 ± 40.3 vs. 66.1 ± 20.4 spm, p=0.02;
NS5: 427.6 ± 45.5 vs. 378.6 ± 36.9 vs. 193 ± 45.2 spm, p<0.01; Core: 402.3 ± 37.2 vs. 259.6
± 30.5 vs. 107.2 ± 23.5 spm, p=0.01) Figure 1c IFN-γ – between groups 3, 2, 1 : NS3: vs.
17 ± 2.6 vs. 42.6 ± 8.7 vs. 72.4 ± 8.7 spm, p=0.032; NS4: 8.2 ± 2.3 vs. 51.3 ± 2.1 vs. 172.4 ±
43.6 spm, p=0.02; NS5: 8.5 ± 1.1 vs. 40.1 ± 22.9 vs. 103 ± 28.2; Core: 9.1 ± 2.4 vs. 34.3 ±
14.1 vs. 133.6 ± 42.7, p=0.01 Responses compared by the Mann Whitney U test and values
represented as mean ± standard error in spots per million cells (spm), *Denotes p<0.05
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Figure 2. Development of antibodies to self antigens (Collagen (Col)) in HCV OLTr and
increased titer of abs to Col I, II, III and V in recipients of with mild to severe steatotic grafts
ELISA was performed to detect serum antibodies to Col I (Fig 2A), II (Fig 2B), III (Fig 2C),
IV (Fig 2D) and V (Fig 2E) in healthy controls (Grey bars), non-HCV OLTr (white bars),
and HCV OLTr (black bars): Groups 1 and 4 (no steatosis – 0–5% macrovesicular steatosis),
Group 2 and 5 (mild steatosis – 5–35% macrovescicular steatosis) and Group 3 and 6
(moderate/severe steatosis - >35% steatosis). The titer of abs to Col I, II III and V was
significantly higher in OLTr with mild and moderate/severe steatotic grafts (Groups 2 and 3)
[Anti Col I - 18.6 ± 3.1 vs. 36.2 ± 2.3 vs. 45.9 ± 3.7ng/mL, p=0.031; Anti Col II - 4.8 ± 2.4
vs. 19.8 ± 2.1 vs. 36.6 ± 4.2 ng/mL, p=0.029; Anti Col III -8.3 ± 1.3 vs. 14.1 ± 1.7 vs. 19.3 ±
0.9 ng/mL, p=0.047; Anti Col V - 200.1 ± 30.1 vs. 250.7 ± 21.2 vs. 306 ± 25.3 ng/mL,
p=0.048). Abs to Col IV were similar in all groups (4.88 ± 0.77 vs. 5.3 ± 0.79 vs. 6.06 ±
3.45,, p=0.23). In non-HCV OLTr Abs titers were – Anti Col I -17.8 ± 0.5 vs. 19.2 ± 1.1 vs.
22.2 ± 2.5 ng/mL, Anti Col II – 2.4 ± 1.2 vs. 4.2 ± 1.5 vs. 8.9 ± 2.6 ng/mL; Anti Col III – 5.3
± 1.4 vs. 6.4 ± 1.4 vs. 7.5 ± 1.7 ng/mL; Anti Col IV – 2.2 ± 1.1 vs. 3.4 ± 0.9 vs. 5.9 ± 2.2 ng/
mL; Anti Col V – 247 ± 24.5 vs. 154 ± 31 vs. 170 ± 26 ng/mL. Ab titer in non HCV OLTr
did not differ significantly from healthy controls. Values represented as mean ± standard
error bars in ng/mL. *denotes p < 0.05
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Figure 3. HCV OLT recipients with moderate/severe steatotic allografts have poorer early
survival
Survival plots comparing patient graft survival in 131 HCV OLTr (3A, 3B) and 178 non-
HCV OLTr (3C, 3D) divided into groups of varying degree of allograft steatosis. IN the
HCV OLTr, mean overall patient and graft survival was survival was 5.4±0.2, 6.3±0.4,
4.9±0.8 years and 5.3±0.25, 6.3±0.4, 4.9±0.8 years respectively. In the non-HCV OLTr
mean patient and graft survival among groups was – 6.4±0.3, 6.8±0.6, 4.7±0.7 years and
6.3±0.4, 6.7±0.6, 4.6±0.7 years respectively. In HCV OLTr - one-year patient and two year
patient survival among the three groups was 93%, 94%, 82% and 88% vs. 92 % vs. 72%
respectively. As determined by Log Rank tests there was no significant difference in the
survival among the groups in HCV and Non-HCV OLTr as well as between HCV and Non-
HCV recipients.
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Table 1

Table 1a. Clinical demographics of HCV orthotopic liver transplant (OLT) recipients divided into three groups by extent of
macrovesicular steatosis in the donor liver at the time of OLT.

Demographic Group 1
No Steatosis

(upto 5%
Steatosis) n=21

Group 2
Mild Steatosis

(5–35% Steatosis)
n=16

Group 3
Moderate/Severe

Steatosis
(>35% Steatosis)

n= 11

p value

Age (years)* 55.1 ± 2.4 54.9 ± 1.03 49.6 ± 3.32 0.34

BMI (kg/m2)* 26.4 ± 4.4 28.3 ± 3.2 27.9 ± 4.5 0.39

Days post OLT at analysis* 312 ± 10 340 ± 24 306 ± 22 0.402

Female:Male % 19:81% 31:69% 16.7:83.3% 0.248

Race (%)

0.47
Caucasian 74% 72% 89%

African American 22% 28% 11%

Other 4%

Viral Genotype (%)

1 – 33% 1 – 18.2%

0.34

1a - 14.3% 1a – 31.25% 1a – 63.6%

1b – 14.3% 1b – 43.75% 1b – 9.1%

3 – 4.7% 2a – 6.25%

3a – 9.5%

N/A - 24.2% N/A – 18.75% N/A – 9.1%

HCV Viral Load (in 106 copies/mL)* 2.5 ± 0.79 2.8 ± 0.88 2.71 ± 1.08 0.965

Total Bilirubin (mg/dL)* 0.943 ± 0.13 1.01 ± 0.44 1.25 ± 0.36 0.212

AST (IU/mL)* 95.8 ± 16.4 72.5 ± 11.5 115.2 ± 33.6 0.337

ALT (IU/mL)* 168.1 ± 30.9 127.3 ± 23.4 152.6 ± 47.6 0.661

INR* 1.16 ± 0.05 1.10 ± 0.12 1.08 ± 0.03 0.104

Pretransplant MELD* 20 ± 1 15 ± 4 19 ± 1 0.093

Pretransplant Viral Load (in 106 copies/
mL)*

0.42 ± 0.33 0.44 ± 0.14 0.28 ± 0.13 0.25

Donor Age (years)* 41.7 ± 3.9 45 ± 2.52 39 ± 4.53 0.39

Donor Race

0.256
Caucasian 66.67% 87.5% 100%

African American 14.28%

Others 4.77
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Table 1a. Clinical demographics of HCV orthotopic liver transplant (OLT) recipients divided into three groups by extent of
macrovesicular steatosis in the donor liver at the time of OLT.

Demographic Group 1
No Steatosis

(upto 5%
Steatosis) n=21

Group 2
Mild Steatosis

(5–35% Steatosis)
n=16

Group 3
Moderate/Severe

Steatosis
(>35% Steatosis)

n= 11

p value

Unknown 14.28% 12.5%

Donor Female : Male % 38:62 % 37.5:62.5% 11:89% 0.338

Cold Ischemia Time (Hours: Minutes)* 4:51 ± 0:24 5:23 ± 0:21 5:10 ± 0:30 0.6

Warm Ischemia Time (Hours: Minutes)* 0:40 ± 0:02 0:38 ± 0.02 0:39 ± 0:02 0.812

Post OLT Peak+ Bilirubin (mg/dL)* 4.5 ± 0.41 4.29 ± 0.44 5.68 ± 0.83 0.222

Post OLT Peak+ AST (IU/mL)* 1905 ± 416 2809 ± 487 3883 ± 598 0.026

Post OLT Peak+ ALT (IU/mL)* 1236 ± 250 1359 ± 150 1776 ± 164 0.039

Post OLT Peak+ ALP (IU/mL)* 87.5 ± 8.7 93.1 ± 12.2 78.7 ± 8.1 0.66

Immunosuppression - n(%)

MMF + Tacrolimus 16 (76%) 12 (75%) 10 (91%)

0.756
MMF + Sirolimus 1 (5%) 2 (12.5%)

Cyclosporine 2 (9.5%) 1 (6.25%) 1 (9%)

Tacrolimus 2 (9.5%) 1 (6.25%)

Acute Rejection episode – n (%) 5 (25%) 3 (27%) 2 (22%) 0.47

Episodes of acute rejection** 1 1 1 1

Severity of Acute Rejection – n(%)***

0.69
Mild 3(60%) 2(67%) 1(50%)

Moderate 2 (40%) 1(23%) 1(50%)

Severe 0% 0% 0%

Table 1b. Clinical demographics of non-HCV orthotopic liver transplant (OLT) recipients divided into three groups by extent of
macrovesicular steatosis in the donor liver at the time of OLT.

Demographic Group 4
No Steatosis

(upto 5%
Steatosis) n=11

Group 5
Mild Steatosis

(5–35% Steatosis)
n=10

Group 6
Moderate/Severe

Steatosis
(>35% Steatosis)

n=6

p value

Age (years)* 54.7 ± 0.99 55.5 ± 1.78 47.8 ± 4.03 0.061

BMI (kg/m2) 28.4 ± 5.3 29.9 ± 4.2 29.2 ± 5.3 0.56

Days post OLT at analysis* 327 ± 14 338 ± 20 319 ± 18 0.304

Female:Male % 23:77 % 20:80 % 25:75 % 0.76
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Table 1b. Clinical demographics of non-HCV orthotopic liver transplant (OLT) recipients divided into three groups by extent of
macrovesicular steatosis in the donor liver at the time of OLT.

Demographic Group 4
No Steatosis

(upto 5%
Steatosis) n=11

Group 5
Mild Steatosis

(5–35% Steatosis)
n=10

Group 6
Moderate/Severe

Steatosis
(>35% Steatosis)

n=6

p value

Race (%)

0.62
Caucasian 84% 80% 85%

African American 15% 20% 15%

Other 1%

Indication for Transplant - n(%)

0.38

Cryptogenic 2 (18%) 3 (30%) 1 (16.7%)

Hepatitis B 2 (18%) 2 (20%) 1 (16.7%)

Alcoholism 3 (27%) 2 (20%) 1 (16.7%)

Autoimmune Hepatitis 1 (9%) 1 (10%) 1 (16.7%)

Non-Alcoholic Steato-hepatitis 1 (9%) 0 (0%) 1 (16.7%)

Primary Biliary Cirrhosis 1 (9%) 1 (10%) 1 (16.7%)

Primary Sclerosing Cholangitis 1 (9%) 1 (10%) 0 (0%)

Total Bilirubin (mg/dL)* 1.1 ± 0.24 0.99 ± 0.61 1.2 ± 0.42 0.44

AST (IU/mL)* 99.8 ± 20.4 84.5 ± 13.5 100.1 ± 29.6 0.58

ALT (IU/mL)* 157.1 ± 27.6 130.4 ± 30.8 149.6 ± 46.6 0.51

INR* 1.06± 0.09 1.22 ± 0.21 1.1 ± 0.14 0.29

Pretransplant MELD* 20 ± 1 18 ± 2 21 ± 1 0.11

Donor Age (years)* 40.3 ± 4.1 44.2 ± 3.2 42.5 ± 2.8 0.31

Donor Race

0.52Caucasian 72.8% 80% 100%

African American 18.2% 20%

Donor Female : Male % 45:55% 40:60% 50:50% 0.81

Cold Ischemia Time (Hours: Minutes)* 5:12 ± 0:32 6:02 ± 0:42 5:20 ± 0:29 0.49

Warm Ischemia Time (Hours: Minutes)* 0:38 ± 0:01 0:36 ± 0.04 0:37 ± 0:03 0.77

Post OLT Peak+ Bilirubin (mg/dL)* 4.8 ± 0.31 4.5 ± 0.38 5.93 ± 0.73 0.09

Post OLT Peak+ AST (IU/mL)* 743 ± 265 1309 ± 597 2708 ± 696 0.03

Post OLT Peak+ ALT (IU/mL)* 934 ± 243 1405 ± 178 2017 ± 294 0.027

Post OLT Peak+ ALP (IU/mL)* 84.6 ± 7.8 92.9.1 ± 9.9 80.4 ± 6.4 0.46
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Table 1b. Clinical demographics of non-HCV orthotopic liver transplant (OLT) recipients divided into three groups by extent of
macrovesicular steatosis in the donor liver at the time of OLT.

Demographic Group 4
No Steatosis

(upto 5%
Steatosis) n=11

Group 5
Mild Steatosis

(5–35% Steatosis)
n=10

Group 6
Moderate/Severe

Steatosis
(>35% Steatosis)

n=6

p value

Immunosuppression n(%)

MMF + Tacrolimus 9 (82%) 8 (80%) 5 (83.3%)

0.82Cyclosporine 1(9%) 1 (10%) 0 (0%)

Tacrolimus 1 (9%) 1 (10%) 1 (16.7%)

Acute Rejection episode – n (%) 4 (36%) 3 (30%) 1 (16.7%) 0.32

Episodes of acute rejection** 1 1 1 1

Severity of Acute Rejection***

0.9
Mild 2 (50%) 2 (67%) 1 (100%)

Moderate 2 (50%) 1 (23%) 0%

Severe 0% 0% 0%

MELD – Model for Endstage liver disease score, AST – Aspartate aminotransferase, ALT – Alanine aminotransferase, INR – International
normalized ratio (for pro-thrombin time), MMF – Mycophenolate mofetil, N/A - not available,

+
Post OLT peak refers to highest value in the first week of transplant,

*
Values represented as mean ± SEM.

**
Refers to Median number of Acute rejection episodes in patients that developed acute rejection.

***
Highest degree of severity of rejection episodes in patients who developed Acute Rejection graded by the 1997 Banff Schema.

Statistical Comparisons made by Kruskal Wallis Test
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Table 2

Cytokine concentration among the three HCV OLTr groups with varying donor liver steatosis measured in
serum obtained at the time of biopsy approximately 1 year post OLT – 2a) and 6 months post OLT (2b)

2a.

Cytokine Group 1
No Steatosis

(0–5% Steatosis)
n=21

Group 2
Mild Steatosis

(5–35% Steatosis)
n=16

Group 3
Moderate/Severe

Steatosis
>35% Steatosis

n= 11

p value

IL-1β (pg/mL) 7.79 ± 1.25 8.7 ± 1.1 12.3 ± 3.7 0.22

IL-4 (pg/mL) 77.3 ± 6.1 80.5 ± 6.9 85.5 ± 7.2 0.79

IL-5 (pg/mL) 18.5 ± 5.4 26.1 ± 6.1 19.5 ± 6.1 0.654

IL-6 (pg/mL) 13.2 ± 1.2 15.6 ± 3.2 18.3 ± 1.5 0.102

IL-8 (pg/mL) 17.1 ± 1.3 18.1 ± 1.6 19.7 ± 3.4 0.324

IL-10 (pg/mL) 14.1 ± 1.3 17.9 ± 3.7 19.4 ± 1.2 0.132

IL-17 (pg/mL) 36.5 ± 4.4 37.4 ± 3.6 40.1 ± 3.9 0.97

IFN-γ (pg/mL) 27.9 ± 2.3 25.8 ± 1.8 23.9 ± 1.1 0.605

IP-10 (pg/mL) 3.45 ± 1.47 3.01 ± 1.07 4.01 ± 2.18 0.244

MIP (pg/mL) 4.7 ± 2.3 4.55 ± 2.69 8.1 ± 3.11 0.156

MCP1 (pg/mL) 18.7 ± 1.48 25.4 ± 7.88 15.9 ± 4.9 0.554

2b.

Cytokine Group 1
No Steatosis

(0–5% Steatosis)
n=4

Group 2
Mild Steatosis

(5–35% Steatosis)
n=3

Group 3
Moderate/Severe

Steatosis
>35% Steatosis

n= 3

p value

IL-1β (pg/mL) 7.47± 2.01 8.06 ± 3.04 16.49 ± 2.46 0.032

IL-4 (pg/mL) 74.7± 10.55 109.1 ± 16.25 159.9 ± 12.35 0.04

IL-5 (pg/mL) 22.22 ± 9.44 46.2 ± 13.46 81.23 ± 22.15 0.03

IL-6 (pg/mL) 22.44 ± 9.51 21.29 ± 10.35 50.17 ± 9.85 0.028

IL-8 (pg/mL) 7.71 ± 1.58 11.67 ± 2.45 27.88 ± 4.46 0.044

IL-10 (pg/mL) 15.45 ± 2.24 19.6 ± 3.6 33.9 ± 4.35 0.038

IL-17 (pg/mL) 39.1 ± 7.64 41.36 ± 10.45 128.36 ± 9.56 0.002

IFN-γ (pg/mL) 63.29 ± 3.69 34.69 ± 6.53 22.74 ± 4.57 0.046

IP-10 (pg/mL) 26.93 ± 4.45 138.17 ± 15.63 148.3 ± 10.46 0.021

MIP (pg/mL) 25.5 ± 5.85 35.2 ± 6.45 58.1 ± 5.6 0.033

MCP1 (pg/mL) 154.25 ± 29.5 228.34 ± 34.5 303.5 ± 23.46 0.001

Values represented as mean ± SEM.
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