1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Viral Hepat. Author manuscript; available in PMC 2020 March 01.

-, HHS Public Access
«

Published in final edited form as:
J Viral Hepat. 2019 March ; 26(3): 323-328. doi:10.1111/jvh.13034.

Characterization of Changes in Intrahepatic Immune Cell
Populations During HCV Treatment with Sofosbuvir and
Ribavirin

Cody Orrl, Johannes Aartun?, Henry Masur3, Shyam Kottilil4, and Eric G. Meissnerl®
IDivision of Infectious Diseases, Medical University of South Carolina,

2Department of Oral Health Sciences, Medical University of South Carolina,
SCritical Care Medicine Department, NIH Clinical Center, National Institutes of Health,

“4Division of Clinical Care and Research, Institute of Human Virology, University of Maryland
School of Medicine,

5Department of Microbiology and Immunology, Medical University of South Carolina.

Abstract

Treatment of chronic hepatitis C virus (HCV) infection with direct acting antivirals (DAAS) results
in a sustained virologic response (SVR) in most patients. While highly efficacious, ~3-5% of
patients do not achieve SVR despite having virus that appears susceptible. It is unclear whether
host factors contribute to treatment failures, although innate and adaptive immunity may play a
role. Previous studies showed that after DAA treatment, the composition of intrahepatic immune
cells does not normalize relative to healthy volunteers, even in cases where SVR is achieved. We
used paired pre- and post-treatment liver biopsies from 13 patients treated with sofosbuvir and
ribavirin, 4 of whom relapsed, to analyze intracellular immune changes during DAA treatment and
explore correlations with inflammation and treatment outcome. We performed single marker
immunohistochemistry followed by electronic image capture, manual annotation of parenchymal
and non-parenchymal regions, and quantitative image analysis. The predominant cellular change
during treatment was a decrease in CD8+ cellular density in both parenchymal and non-
parenchymal regions. CD68+ Kupffer cell density correlated with hepatic inflammation (AST,
ALT) pre-treatment, but did not change during treatment. CD4+ cellular density decreased in non-
parenchymal regions and, intriguingly, was lower pre-treatment in subjects who eventually
relapsed. Other cellular markers (CD56, CD20), as well as markers of apoptosis (TI1A-1) and
activated stellate cells, did not change significantly during treatment or differ by treatment
outcome.

Conclusion: The predominant intrahepatic cellular change during DAA treatment of chronic
HCV infection is a reduction in CD8+ cellular density, but this did not correlate with treatment
outcome.
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Introduction

Approximately 71 million persons worldwide are chronically infected with hepatitis C virus
(HCV) (2). In the United States, HCV is the leading cause of chronic liver disease, cirrhosis,
hepatocellular cancer, and liver transplantation, and for over a decade deaths due to HCV
infection have exceeded those from human immunodeficiency virus (HIV) (2). Treatment
with direct-acting antivirals (DAAS) results in a sustained virologic response (SVR),
synonymous with cure, in most patients, including HIV co-infected and cirrhotic populations
who have historically been harder to cure (3).

For reasons that are poorly understood, relapse of HCV infection after DAA therapy occurs
in a minority of patients, reinfection can occur, and no protective vaccine is available (4-6).
Relapse can occur in patients with excellent adherence and who demonstrate anticipated
viral decline during treatment, suggesting factors other than viral susceptibility and
medication adherence play a role (4-6). As such, exploring whether host correlates of
functional and dysfunctional immune responses to HCV may influence the risk of treatment
relapse remains of practical clinical relevance.

Innate and adaptive immune function have previously been shown to change during DAA
treatment, as multiple studies have now correlated achieving SVR with functional restoration
of innate and adaptive immune function in both blood and liver (7-10). Patients with SVR
have higher expression of an endogenous hepatic interferon gene signature at the end of
treatment as well as greater restoration of a peripheral HCV-specific, polyfunctional CD8+
T-cell response compared to patients who experience virologic relapse (7-10). In addition,
natural Killer cell (NK) phenotype and function and mucosal-associated invariant T-cells
(MAIT) normalize in liver in parallel with reduced inflammation associated with HCV viral
decline during DAA therapy (11-14). Other studies revealed persistently elevated
frequencies of regulatory T-cells 4 years after HCV clearance, indicating a sustained impact
of HCV on hepatic immune function long after viral eradication (15). Most prior studies
focused on detailed phenotype and functional analyses of specific cellular types, but bulk
enumeration of intrahepatic immune cellular densities has not been previously reported.

In this study, we used a unique collection of paired liver biopsies from patients treated with
DAA therapy to ask how a broad array of intrahepatic immune cellular populations change
during DAA therapy, and explored whether there were associations with treatment outcome.
We consider these findings in the context of prior work showing that multiple peripheral
cellular populations change rapidly after DAA therapy, which we hypothesized was due to
efflux of intrahepatic lymphocytes as well as reduced de novo migration (16).
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Materials and Methods

Liver Immunohistochemistry

Liver biopsies were obtained from 13 treatment naive HCV subjects enrolled in the SPARE
clinical trial (NCT01441180) which was conducted at the National Institute of Allergy and
Infectious Diseases (NIAID) and has been previously described in detail (9, 17). Subjects
received sofosbuvir (an HCV NS5B inhibitor) combined with low dose or weight based
ribavirin for 24 weeks (17). Paired liver biopsies obtained pre-treatment and at the end of
treatment (prior to virologic relapse) were available from 9 patients who achieved SVR and
4 who relapsed. Single analyte immunohistochemistry (IHC) was performed using formalin-
fixed paraffin embedded liver sections with antibodies specific for CD4 (1F6, Novocastra/
Leica), CD8 (CD8/144B, Dako), an NK marker CD56 (1B6, Novocastra/Leica), a Kupffer
cell marker CD68 (KP-1, Dako), a B-cell marker CD20 (L26, Dako), an apoptosis marker
TIA-1 (2G9A10F5, Immunotech/Beckman Coulter), and alpha-smooth muscle actin
(ASMA, 1A4, Dako), a marker of stellate cell activation. Subsequent staining was performed
using the Ultra View DAB detection kits (Ventana Medical Systems). Insufficient clinical
material was available to perform all stains on all samples, with the reported “n” for each
stain as follows: CD4=13, CD8=13, CD68=13, TIA-1=12, ASMA=11, CD56=8, CD20=7.

The study received approval from the Institutional Review Boards at the National Institute of
Allergy and Infectious Diseases and the Medical University of South Carolina and was
conducted in concordance with the 1975 Declaration of Helsinki. All patients provided
written informed consent, as previously reported with initial publication of the clinical trial
result (17).

IHC Digital Image Analysis

Virtual whole slide scans of liver biopsies were performed using a Hamamatsu Nanozoomer
HT 2.0 slide scanner from Hamamatsu Photonics (Hamamatsu, Japan). Images were then
extracted as NDPI Files as a series of 20x Tiff images using the NDPI Tools plugin for
ImageJ (v.1.46r, National institutes of Health, USA). Sample images were imported into
Visiopharm Analysis software v5.3.1 (Hoersholm, Denmark) and manually annotated to
distinguish parenchymal (hepatocyte predominant) and non-parenchymal (portal triad
predominant) regions. Sections of tissue that had fibrous tissue with no clear cellular
component or areas of artifact due to tissue folds, edge effect, or irregular staining were
manually identified and excluded from subsequent analysis. Quantification of DAB positive
regions and total tissue area was performed using 20x Tiff files and data are reported as cell
count or pixel count per unit-less area. Customized evaluation protocols were optimized and
trained for Visiopharm’s automated detection against randomly selected images for each
individual biomarker and subsequently batch processed to minimize technical variation or
potential bias. Biomarkers were quantitated using either cellular count, where appropriate
based on staining characteristics and non-overlapping signal, or total pixel count when cell
count could not be reliably determined due to signal irregularity or cellular overlap. The
operator was blinded to sample identification during data collection.
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Statistical Analysis

Results

Data were analyzed with parametric assumptions using either paired or unpaired t-tests
using Prism (v7.01). P-values <0.05 were considered to be statistically significant.

We performed single analyte IHC to understand cellular changes in liver during DAA
treatment of HCV and explore associations with inflammation and outcome. After image
analysis and un-blinding of samples, the most obvious visual change over the course of
treatment was a reduction in CD8 signal (Figure 1A-B). To more rigorously assess this
observation, we performed quantitative image analysis and identified a significant decrease
in CD8 staining over the course of treatment in both parenchymal and non-parenchymal
regions in an analysis considering all samples (Figure 1C-D). A separate analysis comparing
CD8 signal pre- and post-treatment in patients achieving SVR vs. relapse identified no
significant differences (data not shown), suggesting this decline in CD8+ T-cell density
represents an intrahepatic cellular response to reduction in viral burden, but not necessarily
viral eradication.

We next analyzed CD4+ cells, as previous work showed that even after clearance of HCV
with DAA treatment, there is a sustained increase in regulatory CD4+ T-cells in the liver
relative to healthy volunteers (15). We used a CD4-antibody to assess changes in bulk
populations of cells over time, and found this antibody stained cells with a cellular
morphology consistent with lymphocytes in non-parenchymal regions but a morphology
consistent with tissue-resident macrophages in parenchymal regions (Figure 2A-B). We
identified no change in CD4 expression in parenchymal regions during treatment, but a
significant decrease in CD4 expression in non-parenchymal regions, where cells more
closely resembled lymphocytes (Figure 2C-D). Interestingly, patients who achieved SVR
had higher pre-treatment CD4 signal in non-parenchymal regions relative to patients who
relapsed, while no significant differences by treatment outcome were seen post-treatment
(Supplemental Figure 1), and no differences in CD4 by treatment outcome were observed at
either time point in parenchymal regions (data not shown).

Chronic HCV infection has also been associated with B-cell and NK cell functional
perturbations, as well as activation of tissue resident Kupffer cells and hepatic stellate cells
(18-21), and functional perturbations have been shown to improve with DAA-mediated
HCV suppression (7, 11, 13). To address changes in these cellular populations, we
performed staining with CD20 (B-cell marker), CD56 (NK-cell marker), and CD68 (Kupffer
cell marker), as well as with markers of stellate cell activation (ASMA) and apoptosis
(T1A-1) (representative stains are shown in Figure 3A for CD68 and Supplemental Figure
2). None of these cellular populations or markers changed significantly over the course of
treatment or differed by treatment outcome (Figure 3B—C for CD68 and Supplemental
Figure 2), although the number of patients with available samples for these stains was
limited, as described in the methods section.

The mechanisms that drive the magnitude of inflammation in chronic HCV infection are
complex and not entirely understood. There can be marked clinical variability in the extent
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to which hepatic transaminases are elevated, and many patients with prolonged high level
viremia have liver enzymes within the normal range of the assay. Cells including
hepatocytes, hepatic stellate cells, and Kupffer cells are known to be activated and respond
to hepatic inflammation (13, 19-21). To gain insight into variables that may impact the
extent of hepatic inflammation, we sought correlations between cellular density and
AST/ALT pre-treatment. While no correlation was observed between CD68 cell density in
non-parenchymal regions and ALT, AST or viral load (data not shown), we did identify a
significant negative correlation between parenchymal Kupffer cell density and ALT and AST
enzyme levels pre-treatment (Fig 3 D-E). In contrast, no correlation was found between
hepatic inflammation levels and other cell densities including CD4 and CD8 (data not
shown).

Discussion

In this study we characterized bulk changes in immune cell frequencies in liver as a result of
DAA treatment and report significant findings related to hepatic inflammation and treatment
outcome. First, with respect to changes related to hepatic inflammation, we show that CD8+
cells are the predominant cellular population that changes significantly over the course of
treatment (Figure 1), CD4+ cells decrease in non-parenchymal regions only (Figure 2),
while most other cellular populations did not change. In addition, we found that CD68
density pre-treatment correlated with hepatic inflammation rather than CD8 or CD4 density
(Figure 3). Second, we identified an intriguing difference in CD4 density in non-
parenchymal regions before treatment between patients who subsequently achieved SVR vs.
relapsed, with relapsers having lower pre-treatment CD4 density (Figure 2 and Supplemental
Figure 1).

Markers of hepatic inflammation decline rapidly during HCV suppression by DAAs (17),
and we now add to this understanding by showing that CD8+ and CD4+ cells decrease
markedly during treatment and that Kupffer density pre-treatment correlates with AST/ALT,
even though Kupffer cell density did not change during treatment. These findings are
consistent with prior observation correlating the frequency of pro-inflammatory monocytes
in the liver during HCV infection with MAIT cell activation (13), suggesting innate immune
cell density and functionality in inflamed liver impacts adaptive immune cell density and
function, and thus the magnitude of inflammation. Whether individual differences in the
nature of interaction between Kupffer cells and CD8+ cells can explain variability in the
magnitude of hepatic transaminase elevation observed in patients with HCV infection
requires further study. While intriguing, changes that correlated with reduced hepatic
inflammation were not found to differ by treatment outcome, consistent with the notion that
gross changes in hepatic inflammation may associate with a reduction in HCV burden by
DAA suppression rather than with events associated with viral elimination (17, 22, 23). We
were unable to assess changes in HCV-specific immune cells in the liver in the context of
this study due to lack of sample availability amenable to cellular extraction and functional
analysis, and thus cannot correlate our findings with those showing restoration of peripheral
anti-HCV CD8+ T-cell function during therapy (7, 10).
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Efforts to understand treatment outcome and why some patients relapse yielded one
significant finding in this study, in that density of CD4 signal in non-parenchymal regions
pre-treatment was lower in eventual relapsers relative to patients who achieved SVR. As
noted above, the nature of this stain, which appeared to stain both lymphocytes and Kupffer
cells, complicates interpretation of this finding. This caveat aside, the data raise the
intriguing prospect that a less robust CD4 response at baseline could impact the nature of the
subsequent immune response during DAA-induced HCV suppression in a way that impairs
viral eradication. It is possible that higher CD4+ T cell infiltration in the extra parenchymal
hepatic compartment may be vital in the development of a coordinated antiviral response
during DAA therapy and contribute to elimination of HCV in those with SVR (24). This
would be consistent with other data correlating the strength of “recovery” of innate and
adaptive immune function in both liver and peripheral blood during DAA therapy with
treatment outcome (7-10).

Several limitations to the approach pursued for this study merit discussion. As noted above,
the lack of cellular specificity for the CD4 stain temper the strength of the hypothesis
derived from this analysis. Unfortunately, there was not significant remaining tissue to
perform more detailed staining to delineate CD4+ T-cell subsets, such as regulatory T-cells
or CD4+ MAIT cells, or to verify with a CD3 co-stain that CD8 and CD4 staining
populations were T-lymphocytes. As stated above, while we did not identify clear changes in
NK and B-cell density, or any changes in apoptosis or stellate cell activation, the sample size
for these analyses was limited based on tissue availability. Prior studies have shown
phenotypic and functional changes in intrahepatic NK-cells as a result of DAA therapy (11),
but we were unable to address this possibility here. Finally, although our study design was
blinded and robust with respect to image analysis, differences in both sample staining and
parenchymal vs. non-parenchymal composition of individual biopsies may have precluded
the power to detect subtle, but meaningful, biologic differences.

In conclusion, utilizing a unique collection of paired liver biopsies from patients who
achieved SVR or relapsed with DAA treatment, we report that a decrease in CD8+ cells was
the predominant cellular change in liver immune cell density, a decrease that correlated with
the rapid decrease in hepatic inflammation associated with viral suppression and that
occurred irrespective of eventual treatment outcome. CD4+ cells also decreased in non-
parenchymal regions, while most other cellular populations did not change. Lower CD4
density in the non-parenchymal regions of eventual relapsers before treatment merits further
study to determine whether this baseline host response to HCV infection subsequently
impairs odds of SVR with DAA treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(A) and post- (B) treatment FFPE liver sections stained with an anti-
CD8 antibody. Quantitative changes in CD8 signal intensity in regions demarcated as

parenchymal (C) or non-parenchymal (D) for 13 patients with available biopsies. Data from
subjects who achieved SVR are in black and data from subjects who relapsed are in red. Cell
count or pixel count per surface area were determined as described in the methods section.
Non-parenchymal regions are denoted by the yellow line. Statistical analysis was by paired
t-test considering all subjects, with mean and standard error shown.
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Representative pre- (A) and post- (B) treatment FFPE liver sections stained with an anti-
CD4 antibody. Quantitative parenchymal and non-parenchymal CD4 signals (C-D) were
quantitated by pixel count to infer cellular density from 13 patients (SVR =9 shown in black,
relapse =4 shown in red). Non-parenchymal regions are denoted by the yellow line.
Statistical analysis is by paired t-test considering all patients.
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CD68+ cellular density correlates with hepatic inflammation. (A) Representative CD68

stain. (B-C) No change in CD68+ cellular density during treatment in parenchymal and non-
parenchymal regions (D-E) Correlation of CD68+ cellular density pre-treatment in
parenchymal regions with AST and ALT. (SVR =9 shown in black, relapse =4 shown in
red). Non-parenchymal regions are denoted by the yellow line. Statistical analysis is by
paired t-test (B-C) or Pearson correlation (D-E) considering all patients.
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