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Lack of Significant Elevation of Myeloid-Derived Suppressor Cells in
Peripheral Blood of Chronically Hepatitis C Virus-Infected Individuals
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Myeloid-derived suppressor cells (MDSC) are immature myeloid cells with immunosuppressive function. Compared to the level
in healthy controls (HC), no elevation of MDSC in chronic hepatitis C (cHEP-C) patients was found, and there was no difference
in MDSC based on genotype or viral load (P > 0.25). Moreover, MDSC of cHEP-C patients inhibited CD8 T cell function as effi-
ciently as MDSC of HC did. Since we detected neither quantitative nor qualitative differences in MDSC of cHEP-C patients rela-
tive to those of HC, we postulate that MDSC in peripheral blood are most likely not significant regarding immune dysfunction in

cHEP-C.

uman myeloid-derived suppressor cells (MDSC) represent a

heterogeneous population of immature myeloid cells with
immunosuppressive function. They are divided by phenotype
into at least two subsets: MDSC of the granulocytic type (G-
MDSC) are identified as CD11b* CD14~ CD33™ CD15" or
CD66™" (where “int” represents “intermediate”), and MDSC of
the monocytic type (M-MDSC) are described as CD11b™* CD14™"
CD33" HLA-DR "™ (1). The best defining feature of MDSC,
however, is their suppressive action on, e.g., T cells (1). Under
various pathological conditions, increased MDSC levels are re-
ported to occur in the peripheral blood and various tissues. Ele-
vated human MDSC levels are described mostly for a variety of
malignant tumors (e.g., hepatocellular carcinoma [HCC], non-
small cell lung carcinoma, and melanoma) (2). However, accu-
mulating data show that MDSC play a role in nonmalignant dis-
eases as well. Recently, we, as well as other researchers, have
described the significance of MDSC in the peripheral blood of
patients with chronic progressive HIV-1 infection (¢cHIV-1) and
were able to demonstrate the suppressive effect of MDSC on HIV-
specific CD8 T cells (3, 4). Chronic hepatitis C (cHEP-C) is an-
other chronic viral disease with proven impaired T cell responses
and immune exhaustion (5). We therefore hypothesized that
MDSC also play a role in the development of T cell exhaustion in
this clinical setting.

For this purpose, we studied 40 individuals with cHEP-C for
G-MDSC and M-MDSC frequencies in the peripheral blood and
determined the suppressive effects of these cells in vitro in com-
parison to those in healthy controls (HC). Clinical data for the
study subjects are shown in Table 1. The study was approved by
the Institutional Review Board of the Ludwig-Maximilians-Uni-
versitdt, Munich, Germany, and we obtained written informed
consent from all study subjects. The control groups consisted of 23
healthy volunteers as negative controls (i.e., HC) and 44 HIV-1
(cHIV-1)-infected, untreated patients as positive controls for G-
MDSC (cHIV-1 data derived from our previous project [3]). Both
control groups were matched for age. Phenotypic analysis of
MDSC was performed by flow cytometry as described previously
(3). Gating strategies were according to reference 3 for G-MDSC
and reference 6 for M-MDSC (see Fig. S1 in the supplemental
material).

Examining the percentage of MDSC among freshly isolated
peripheral blood mononuclear cells (PBMC) in 40 cHEP-C pa-
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tients, we did not find a significant elevation of G-MDSC
(CD11b" CD14™ CD15" CD33™) or M-MDSC (CD11b" CD14"
HLA-DR'"'™) compared to the levels in HC (P values of 0.38 and
0.31, respectively). In contrast, G-MDSC of cHIV-1 patients were
significantly elevated compared to the levels in cHEP-C patients
(P < 0.0001) (Fig. 1A). In addition, we did not find significant
differences when stratifying into cHEP-C virus genotypes, nei-
ther between genotypes nor relative to HC. Correlations be-
tween G-MDSC and M-MDSC and viral load (#* values of 0.09
[P = 0.06] and 0.04 [P = 0.21] for G-MDSC and M-MDSC,
respectively) (Fig. 1C) or liver enzymes (r* =< 0.02, P = 0.34;
data not shown) were not significant. Single subjects with ele-
vated G-MDSC levels did not match subjects with elevated M-
MDSC levels.

Ultrasound data were obtained for 34 of the 40 study sub-
jects. On the basis of the ultrasound results, we divided the
patients into three groups: those with no liver pathology (n =
14), mild to moderate liver pathology (n = 14), and severe liver
pathology (i.e., advanced fibrosis or cirrhosis; n = 6). How-
ever, there was still no statistically significant difference be-
tween G-MDSC or M-MDSC frequencies in patients with no
liver damage and patients with liver damage (e.g., for patients
with no liver pathology compared to patients with severe liver
pathology, there were P values of 0.43 for G-MDSC and 0.06 for
M-MDSC) (Fig. 1D).

Currently, MDSC in human diseases represent a highly
studied but also controversial field of research. While no data
for G-MDSC in cHEP-C exist so far, there are three studies
concerning M-MDSC in peripheral blood and cHEP-C (6-8).
Two of them reported increased M-MDSC frequencies in
cHEP-C patients compared to HC levels, and one of the two
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TABLE 1 Clinical data for study subjects®

Identification HCV Viral load AST ALT
no. Sex genotype (IU/ml) (Ulliter) (U/liter)
HO1 m 1 2,200,000 102 229
HO02 f 1 1,760,000 39 75
HO03 f 1 1,830,000 18 20
HO04 m 1 4,082,000 42 51
HO05 f 1 150,000 323 448
HO06 m 1 600,000 30 34
H07 f 1 350,000 39 30
HO08 f 1 250,000 38 68
H09 f 1 1,100,000 43 63
H10 m 1 510,000 40 44
HI11 m 1 730,000 95 121
HI12 m 1 3,700,000 74 119
H13 f 1 430,000 89 70
H14 m 1 140,000 120 116
HI15 f 1 8,950,000 42 45
H16 m 1 860,000 36 45
H17 f 1 1,000,000 49 52
H18 f 1 1 000,000 31 40
H19 f 1 110,000 29 47
H20 m 1 5,050,000 39 40
H21 m 1 120,000 168 181
H22 m 1 520,000 182 266
H23 m 1 1,700,000 36 51
H24 m 1 240,000 58 104
H25 f 1 2,200,000 43 11
H26 m 2 1,100,000 65 113
H27 m 2 20,000,000 28 24
H28 m 2 43,000 36 53
H29 f 2 640,000 23 27
H30 m 2 200,000 25 34
H31 f 3 3,000 22 39
H32 f 3 670,000 32 29
H33 m 3 32,000 41 26
H34 m 3 590,000 77 194
H35 f 3 80,000 20 21
H36 m 3 980,000 378 100
H37 f 3 9,000,000 45 36
H38 m 3 40,000 46 35
H39 m 3 320,000 95 67
H40 m 4 2,700,000 57 98

£, female (n = 17); m, male (n = 23). Normal ranges for AST and ALT were <35 U/
liter for females and <50 U/liter for males. Boldface indicates liver enzyme levels above
the normal range.

found a positive correlation between M-MDSC levels and viral
load (7, 8). However, both studies were small (n = 5 and 14,
respectively) and either gave no data on clinical parameters or
included mainly subjects with cHEP-C virus genotype 2. For
our study, we were able to include only five subjects with ge-
notype 2. However, four of them had very low M-MDSC levels
(Fig. 1B). Our data are in concordance with very limited data
by Hoechst et al., who found elevated levels of M-MDSC in
patients with HCC but not in subjects with cHEP-C without
HCC (6). One crucial point in studying human MDSC is cer-
tainly the methodology used. Based on a comparison of fresh
and frozen samples, we are convinced that MDSC should be
studied on freshly isolated cells. In addition, it has been clearly
shown that freezing of PBMC influences MDSC frequency and
functional properties (9, 10). Both studies reporting elevated
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M-MDSC frequencies in cHEP-C used frozen PBMC, which
may explain the differences in the results.

As we did not find quantitative differences between MDSC of
cHEP-C patients and HC, we postulated that MDSC isolated from
these two groups differ in function. For this assessment, we used
magnetic-bead-isolated G-MDSC. We decided on this subtype as
our group has solid data on the suppressive activity of G-MDSC in
HIV infection. In analogy to references 11 and 12, we used CD66b
as the marker for isolation of G-MDSC. PBMC were stained with
the EasySep human whole blood CD66b positive selection kit
(Stemcell Technologies, France) according to the manufacturer’s
protocol. CD66b ™ cells were positively selected in the magnet (pu-
rity, =60%). The supernatant out of the magnet (MDSC-depleted
PBMC [PBMC-MDSC]) was used as a control in functionality
assays (containing =0.05% G-MDSC) (see Fig. S2 in the supple-
mental material). In our coincubation experiments, allogeneic
PBMC of healthy controls (i.e., targets) were stained with car-
boxyfluorescein succinimidyl ester (CFSE) as described previ-
ously (3). They were then stimulated with phytohemagglutinin
(PHA) (1.25 pg/ml) and incubated alone or with bead-isolated
MDSC or PBMC-MDSC (ratio = 2:1). Monensin (Golgi-Stop;
BD) was added for the last 16 h of incubation. After 72 h, cells were
stained with anti-CD8 —peridinin chlorophyll protein (PerCP) ex-
ternally and with anti-gamma interferon—allophycocyanin (APC)
internally. Readouts for functionality of CD8 T cells were prolif-
eration and gamma interferon production of target cells. Assays
were done in parallel for G-MDSC of hepatitis C virus (HCV)
patients and of healthy controls as effectors. For the proliferation
assays (and gamma interferon production assays), we isolated G-
MDSC of 4 different cHEP-C patients and performed 7 indepen-
dent assays. We isolated G-MDSC of 3 different healthy controls
and performed 5 independent assays.

As shown in Fig. 2, G-MDSC of cHEP-C patients and HC—
again isolated from fresh PBMC—were equally able to suppress
proliferative capacity and also gamma interferon production of
CDB8T cells of the same healthy controls (i.e., targets) significantly
relative to the levels obtained by incubation with cHEP-C/HC
MDSC-depleted PBMC. The latter did not significantly alter pro-
liferation compared to the positive control for which no addi-
tional cells, but PHA, were added. Another feature of MDSC with
suppressive capacity is the increased expression of IL-4Ra (11,
13). However, we did not find significant differences between IL-
4Ra expression levels on G-MDSC in the peripheral blood of
cHEP-C patients and HC (P = 0.87; data not shown).

Interestingly, in our study, G-MDSC isolated from healthy do-
nors inhibited CD8 T cell function significantly. The conclusion
would be that G-MDSC found in the peripheral blood have sup-
pressive properties no matter what type of patient and the impor-
tant parameter is the frequency of these cells. Supporting this hy-
pothesis, all studies reporting MDSC found elevated MDSC
frequencies in study subjects compared to those of healthy con-
trols (2). Not much is known about MDSC in healthy subjects to
date. Recently, it has been described that G-MDSC levels increase
with age in healthy individuals (14) and that HLA-DR™ CD14*
MDSC populations isolated from healthy donors can inhibit pro-
liferation of autologous CD4 T cells (9). However, future studies
are required in order to evaluate this in more detail.

This result is in clear contrast to the case for chronic HIV in-
fection (3, 4). HIV infection affects the lymphoid tissue of the
whole body, whereas cHEP-C is an infection which affects the liver
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FIG 1 MDSC in the peripheral blood of 40 chronically HCV-infected patients (cHEP-C patients). (A) Percentages of G-MDSC and M-MDSC of cHEP-C patients
compared to those of healthy controls (HC) and patients with chronic HIV-1 infection (cHIV-1). G-MDSC levels of HIV patients were significantly elevated (P <
0.0001), whereas G-MDSC as well as M-MDSC levels of cHEP-C patients showed no difference relative to those of HC (P values of 0.38 and 0.31, respectively
[Mann-Whitney test]). (B) Subdividing the patients by the particular HCV genotypes (GT) 1 to 4 did not yield significant differences relative to MDSC of HC, either (for
GT1, G-MDSC P = 0.49 and M-MDSC P = 0.25; for GT2, G-MDSC P = 0.51 and M-MDSC P = 0.80; for GT3, G-MDSC P = 0.48 and M-MDSC P = 0.42
[Mann-Whitney test]). (C) G-MDSC- and M-MDSC-levels of cHEP-C did not correlate with individual viral load (for G-MDSC, * = 0.09 and P = 0.06; for M-MDSC,
* = 0.04 and P = 0.21 [linear regression]). (D) There was no significant difference of MDSC frequencies between different stages of liver pathology (LP) measured by
ultrasound (no liver pathology versus severe liver pathology for G-MDSC, P = 0.43, and for M-MDSC, P = 0.06 [Mann-Whitney test]).
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FIG 2 Suppressive function of G-MDSC of cHEP-C and healthy controls on
CD8 T cells. (A and B) Representative histograms of proliferation assays as
described below. (C and D) Representative dot plots of gamma interferon
(INFg) production assays as described below. FL3-H, CD8-PerCP; FL4-H,
gamma interferon-APC. (E) Proliferation of PHA-stimulated CD8 T cells of
healthy controls as targets incubated with MDSC-depleted PBMC (PBMC-
MDSC) or bead-isolated MDSC of healthy controls (left; P = 0.0002) and of
cHEP-C patients (right; P = 0.01) (paired t test). Proliferation with MDSC-
depleted PBMC was set as 100% and the proliferation with MDSC was calcu-
lated as a percentage thereof. (F) Gamma interferon (IFNvy) production of
PHA-stimulated CD8 T cells of healthy controls as targets incubated with
PBMC-MDSC or bead-isolated MDSC of healthy controls (left; P = 0.02) and
of cHEP-C patients (right; P < 0.0001) (paired ¢ test). Similarly, gamma inter-
feron production with MDSC-depleted PBMC was set as 100% and gamma
interferon production with MDSC was calculated as a percentage thereof.

July 2014 Volume 88 Number 13

MDSC in Chronic Hepatitis C

in particular, and MDSC accumulation could be limited to the
liver site. Future studies should therefore aim to study MDSC in
liver tissue.

We conclude that neither G-MDSC nor M-MDSC in PBMC of
cHEP-C patients show quantitative differences to those from HC.
In addition, G-MDSC of cHEP-C are functionally active but not
different from G-MDSC of HC. We therefore postulate that
MDSC in the peripheral blood are most likely not significant re-
garding immune dysfunction in cHEP-C.
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