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Abstract: Our previous study indicated that IL.-23 (interleukin-23) producing antigen presenting cells (APCs) which
could induce an immunodeviation of T helper (Th cell) cell towards a Th17 immune response associated with testicu-
lar damage were detected in azoospermic testis with chronic inflammation. Unlike inflammatory microenvironment,
tumor cells have means of altering the tumor microenvironment which hijack APCs function and recruit immune
suppressive dendritic cells (DCs). The objective of this study was to investigate the expression and characteristic
of different DC subsets cells in the seminoma and its controls. Our study demonstrated that CD11c+ myeloid DCs
(mDCs) developed into two different statues: tumor infiltrating and aggregate unit forming DCs. Aggregate unit form-
ing CD11c+ mDCs were predominantly distributed in the seminoma and most of them expressed surface molecules
(CCR®, DC-SIGN), regulatory cytokines (VEGF, IL-4, indoleamine 2,3-dioxygenase (IDO)) and inflammatory cytokines
(IL-23, IL-6). Moreover, the numbers of CD3+, CD4+, IL4+, IL17+ and Foxp3+ cells were significantly increased in
the seminoma. Taken together, our results indicate that the CD11c+ mDCs in seminoma might play a vital role in

the development of seminoma and are critical to design of DCs vaccine therapy.
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Introduction

The complete BTB was comprised of three com-
ponents: anatomical (physical), physiological,
and immunological [1]. The tight junctions (TJs)
(Sertoli cells-Sertoli cells tight junctions) from
the anatomical barrier of animal testis that pro-
tect the passage of cytotoxic molecules and
cells from entering into the lumen [2, 3]. The
physiological barrier of testis is comprised of
transport molecules that regulate the move-
ment of substances in or out of the lumen,
which play an important role in the proper
development and maturations of germ cells
(GCs) [4]. Under the physiology condition, the
immunological barrier constructed an overall
immune-privilege of the testis, which protects
GCs from autoimmune attack [5, 6]. Whereas,
in the inflammatory conditions, immune toler-
ance is disrupted and increased number of

immune cells, such as mature dendritic cells
(DCs), macrophages, CD4+ and CD8+ T cells,
and their pro-inflammatory mediators respond
to spermatogenic cells self antigens, inducing
damage of the spermatogenic epithelium [7]. It
has been reported that the level of transcripts
associated with inflammation, such as inflam-
matory cytokines, correlated positively with the
severity of mans infertility and perhaps reflect-
ing a gradual breakdown of the status of testis
immune privilege [8]. Our previous study indi-
cated that IL23 producing CD11c+ and CD68+
APCs which could induce an immunodeviation
of T helper (Th cell) cell towards a Th17 immune
response associated with testicular damage
were detected in azoospermic testis with chron-
ic inflammation [9].

Compared with chronic inflammation, tumor
cells can evade the immune system by inhibit-
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ing the function of APCs, which induce T cells
tolerance and inactive immune surveillance in
the process of tumorigenic [10]. Testicular can-
cer had the highest rates among young men
aged 20-34 years, and most of testicular
tumors (more than 95%) are germ cell tumors
(TGCT). TCGT of young and adolescents can be
divided into two kinds: seminomas and non-
seminomas. Seminomas are histologically
homogeneous and it represents 50%-70% of
the TGCT, while non-seminomas are heteroge-
neous include embryonic carcinoma, yolk sac
tumor, teratoma and choriocarcinoma [11].

Patients with seminoma have been reported to
have increased frequency of DCs and Th cells
in the tumor tissues of testis [12]. It is relevant
to know that tumor cells have means of altering
the tumor microenvironment which hijack anti-
gen presenting cells (APCs) function and recruit
immune suppressive DCs [13]. In the mean-
time, the immune suppressive DCs and para-
lyzed tumor infiltrating DCs suppress both
innate and adaptive immune effectors by
secreting immunosuppressive cytokines, which
contribute to tumor escape [14]. In addition,
tumor cells promote the differentiation of DCs
producing IDO, IL-10, TGF-f and VEGF that
induce the expansion of CD4+CD25+ regulato-
ry T cells which have reported contribute to
tumor escape [15]. Thus, unraveling the char-
acterization and function of DC subsets in the
seminoma tissues are helpful for analyzing the
mechanisms of immune tolerance and tumor
escape. However, the characterization and
function of DC subsets in seminoma are yet to
be defined in detail.

The purpose of this study was to identify the
distribution and intensity of DCs of various phe-
notype in the seminoma and its control to eluci-
date the contribution of DCs to the immune
tolerance and tumor escape. To address this
question, we firstly characterized the subtype
of the infiltrating DCs in the testis with overt
classical seminoma, because this cancer type
of testis tumor is greatly associated with a
prominent immune cells infiltrate [16].
Subsequently, we analysis DCs maturation in
seminoma by detecting the expression intensi-
ty of specific marker CD83 (mature), HLA-DR
(mature) and CCR6 (immature), as tumor cells
can release factors that reverse or inhibit tumor
infiltrating DCs maturation and normal func-

2804

tion. We also investigated the cytokine profile
of CD11c+ mDCs in the testis biopsies from
seminoma patients, because CD1l1c+ mDCs
were the predominant component of the semi-
noma in this study. Finally, we analyzed the
expression of Thl (IFN-y+), Th2 (IL4+), regula-
tory T (Foxp3+) and Th17 (IL-17A+) cells produc-
ing cytokines in the seminoma as DCs in the
tumor microenvironment possesses potent T
cell suppressive functions and induce a bal-
ance shift by secreting immunosuppressive
cytokines.

Materials and methods

Antibodies for immunohistochemistry and im-
munofluorescence staining

For morphology (immunohistochemistry and
immunofluorescence) staining, the following
antibodies were used as primary antibodies:
monoclonal mouse anti-human CD3 (ab699,
18G; Abcam, Cambridge, UK), polyclonal rabbit
anti-human CD4 (ab133616, IgG; Abcam),
monoclonal mouse anti-human CD1a (ab708,
1gG1; Abcam), monoclonal mouse anti-human
CD11c (60258-1-Ig, IgG2a; ProteinTech, Wuhan,
CHN), polyclonal rabbit anti-human CD68
(25747-1-AP, 1gG1; ProteinTech), polyclonal rab-
bit anti-human CD163 (ab87099, IgG; Abcam),
monoclonal mouse anti-human CD207 (sc-
271272, 1gG1; Santa Cruz, California, USA),
polyclonal rabbit anti-human DC-SIGN (LS-
B479, 1gG; Life Span, WA Seattle, USA), poly-
clonal rabbit anti-human BDCA-2 (17941-1-AP,
18G; ProteinTech), monoclonal mouse anti-
human CD123 (LS-C311924, 1gG1; Life Span),
polyclonal rabbit anti-human IL-17A (ab136668,
1gG; Abcam), polyclonal rabbit anti-human
IL-23p19 (ab45420, IgG; Abcam), polyclonal
rabbit anti-human Foxp3 (ab10563, IgG;
Abcam), polyclonal rabbit anti-human TGF-3
(@b66043, IgG; Abcam), polyclonal rabbit anti-
human I-4 (ab9622, 1gG; Abcam), polyclonal
rabbit anti-human IL-6 (21865-1-AP, IgG;
ProteinTech), polyclonal rabbit anti-human
TNF-a (ab6671, 1gG; Abcam), polyclonal rabbit
anti-human VEGF (ab46154, 1gG; Abcam), poly-
clonal rabbit anti-human IFN-y (@b56070, IgG;
Abcam), polyclonal rabbit anti-human DO
(@bb55305, 1gG; Abcam), mouse anti-human IgG
(A57H, IgM; Gene Tex, California, USA), rabbit
anti-human 1gG (GTX22410; Gene Tex), mouse
anti-human IgG1 (GTX76251, 1gG2a; Gene Tex)
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Table 1. Summary of clinicopathological features of seminoma

rehydrated in alcohol gradi-

Pt No. Age/years Grade Stage PtNo. Age/years Grade Stage

ent. Antigen retrieval was

1 22 I T2NOMO 13 42
2 39 I T2NOMO 14 29
3 53 I TINOMO 15 22
4 37 I T3NAIMO 16 46
5 51 I T2NOMO 17 39
6 38 I TINOMO 18 38
7 48 I T2NAMO 19 36
8 37 I T2NOMO 20 28
9 43 I TINOMO 21 37
10 35 I T2NOMO 22 54
11 35 I T2N2MO 23 61
12 38 I T2NOMO

performed with Tris-EDTA (pH

! T2NIMO 9.0). Phosphate-buffered sa
| T2NOMO e (PBS, pH 7.45) was sev-
Il T3N3MO ered as wash buffer. Endo-
' T2NOMO genous peroxidase activity of
I T2NOMO biopsies was blocked by 3%
I TINOMO H,O, solution at room tem-
I T2N1MO perature for 12 minutes and
I T2NOMO non-specific binding of the
I T2N2MO secondary antibody was de-
I T2NIMO creased by 7.5% normal
I T3NIMO bovine serum at 37°C incu-

bator for 30 minutes. Tissue

Note: Pt No. patient number; Grade the World Health Organization 2004 classifica-
tion; Stage the American Joint Committee on Cancer TNM classification.

and mouse anti-human IgG2a (code X0943;
DaKo, Copenhagen, DEN) were served as nega-
tive control. Mouse anti-human Vimentin
(@b8978, 1gG1; Abcam) were severed as posi-
tive control.

Study population and sample collection

Seminoma and matched pericarcinous biop-
sies were obtained from twenty-three patients
undergoing urological work-up between 2008
and 2014 at the Peking University Shenzhen
Hospital (Table 1). Biopsies were fixed in
Bouin’s fixative and embedded in paraffin for
immunofluorescence and immunohistochemis-
try staining. Hematoxylin-eosin stained sec-
tions from all paraffin-embedded samples were
reviewed by pathologist to confirm the diagno-
ses according to World Health Organization cri-
teria [17]. For comparison, ten normal testicu-
lar biopsies were collected from patients who
underwent testectomy for castration therapy of
prostate cancer. Written informed consent was
obtained from all study subjects and received
institutional review board approval from Peking
University Shenzhen Hospital and Shenzhen
PKU-HKUST Medical Center Research Ethics
Committee according to the principles
expressed in the declaration of Helsinki.

Immunohistochemistry
The immunohistochemical staining was per-
formed by using a standard three-step tech-

nique. 4-um sections of the testicular biopsies
were deparaffinized in dimethylbenzene and
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sections were treated with
the primary antibodies at the
optimal dilutions and over-
night at 4°C refrigerator in a
humidified chamber (Tables 2, 3). After wash-
ing, the slides were treated with secondary
antibodies and streptavidin-peroxidase solu-
tions at 37°C incubator for 30 minutes. The
staining reactions were developed brown by
using DAB Kit (DAB-0031, MaiXin-Bio; CHN)
and nuclear counterstaining was performed
with Mayer’s haematoxylin. The sections of
lymph node and psoriatic skin were severed as
the positive control. In addition, the primary
antibodies were replaced with anti-vimentin
antibodies. The negative controls were obtained
by substitution of the primary antibodies with
isotype control 1gG, 1gG1 or IgG2 respectively in
the procedure of staining (Data not show). The
slides were visualized and photographed with
Leica Application Suite (Version 4.2.0, Oberko-
chen, Germany) under a Leica DM 4000B
microscope.

Immunofluorescence (double staining)

The immunofluorescence staining was per-
formed as previously describe [9]. Briefly, 4-um
sections of the testicular biopsies were depar-
affinized in dimethylbenzene and rehydrated in
alcohol gradient. Antigen retrieval was per-
formed with Tris-EDTA (pH 9.0). PBS (pH 7.45)
was severed as wash buffer. Endogenous per-
oxidase activity of biopsies was blocked by 3%
H,0, solution at room temperature for 20 min-
utes and non-specific binding of the secondary
antibody was decreased by 10% normal bovine
serum at 37°C incubator for 30 minutes. Tissue
sections were incubated respectively with the
mixture of two primary antibodies overnight at

Int J Clin Exp Pathol 2016;9(3):2803-2819
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Table 2. Dilution and specificity of antibodies used for immunodetection

of testicular immune cells

Antibody by, vion Specificity
against

Reference

CD11c 1:1000 Myeloid dendritic cells (mDC)
CD123 1:200 Plasmacytoid dendritic cells (pDC)
BDCA-2 1:250 Plasmacytoid dendritic cells (pDC)
DC-SIGN 1:800 Stromal dendritic cells

CD1la 1:150 Langerhans cells (LCs)/Dendritic cells

CD207  1:200 Langerhans cells (LCs)

CD68 1:350 Macrophages

CD163 1:500 Macrophages

CD83 1:100 Mature dendritic cells

CCR6 1:500 Immature dendritic cells

HLA-DR  1:800 Major histocompatibility complex Il
CD3 1:100 Tcells

CcDh4 1:200 Tcells

Rival et al., 2006
Andrade et al., 2015
Boiocchi L et al., 2013
Colmenares et al., 2002
Longley et al., 1989
Valladeau et al., 2000
Falini et al., 1993

Lau et al., 2004
Lechmann et al., 2001
Dieu et al., 1998

Klitz et al., 2003
Mason et al., 1989
Rudd et al., 1988

Table 3. Dilution of antibodies used for im-
munodetection of cytokines

ggzia‘::y Dilution /;;2?:3‘13' Dilution
VEGF 1:500 IDO 1:200
IL23p19 1:800 IL4 1:500
IL6 1:500 Foxp3 1:800
IFN-y 1:800 IL17A 1:1000
TGF-B 1:200

4°C in a humidified chamber. After washing
with PBS three times, the slides were incubat-
ed with the mixture of two secondary antibod-
ies (CY2 conjugated goat anti-rabbit 1gG and
CY3 conjugated goat anti-mouse IgG; Jackson
Immunoresearch) for 45 min at 37°C incubator.
The nuclear of tissues were mounted with
Hoechst 33342 (H3570, Life Technologies; OR,
USA). The tissues of lymph node and psoriatic
skin were severed as positive control. The neg-
ative controls were obtained by substitution of
the primary antibodies with isotype in the pro-
cedure of staining (Data not show). The slides
were visualized and photographed with Leica
Application Suite (Version 4.2.0, Oberkochen,
Germany) under a Leica DM 4000B micro-
scope.

Quantitative analysis
The images data of immunohistochemical were

analyzed and quantified by Image-Pro Plus
(Version 6.0) using manually handwork and
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segmentation for color
image. Ten random
fields of microscopic
were selected from
each slide (x200) and
quantified by two blind-
ed observers with re-
sults variations less
than 5%. Positive cell
numbers/HPF was us-
ed to represent the
numbers of immune-
positive cells and mean
optical density (I0OD)
summary was used to
represent the expres-
sion intensity (El) of
immune-positive cells.

Data are expressed as
mean + SD and were analyzed by SPSS soft-
ware (version 16.0). Statistical significance was
assessed using Independent Samples t-test
and One Way ANOVA (LSD-t test was used for
multiple comparison analyze). A p-value less
than 0.05 was considered to indicate a statisti-
cally significant difference.

Results

CD11c+ mDCs forming an aggregate unit and
have a predominant numbers in the semi-
noma

The results of immunohistochemical staining
showed that CD11c+ mDCs were sparsely dis-
tributed in the interstitial area of normal testis
(Figure 1A). Meanwhile, the CD11c+ mDCs in
seminoma were developed into two different
statues: tumor infiltrating DCs and aggregate
unit forming DCs (Figure 1B), and the number
of them were significantly higher compared
with normal testis (Figure 1C).

DC-SIGN+ cells with immune phenotype were
sparsely localized in the interstitial compart-
ment of normal testis; in addition, germ cells as
well as sertoli cells expressed DC-SIGN (Figure
1D). Compared with normal controls, the num-
bers of DC-SIGN+ cells were significantly
increased in the seminoma tissues (Figure 1F).
Interestingly, DC-SIGN+ cells were developed
into tumor infiltrating and aggregate unit which
were consisted with CD11c¢c+ mDCs in the semi-
noma (Figure 1E). Furthermore, double staining

Int J Clin Exp Pathol 2016;9(3):2803-2819


http://www.ncbi.nlm.nih.gov/pubmed/?term=Andrade%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=25256168
http://www.ncbi.nlm.nih.gov/pubmed/?term=Boiocchi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23847189

CD11c+ myeloid dendritic cells in seminoma

of immunofluorescence studies showed that
CD11c+ mDCs were co-localized with DC-SIGN
in the seminoma (Figure 2Aa-Ad), which indi-
cated that DC-SIGN in the seminoma were
mostly expressed in DCs but not macro-
phages.

pDCs in mouse tissues also express surface
marker CD11c but not in human. For this rea-
son, CD123 and BDCA-2 which severed as the
specific marker of pDCs were investigated in
this study. CD123+ and BDCA-2+ pDCs were
sparsely distributed in the interstitial area of
normal testis (Figure 1G, 1J). Compared with
normal testis, the populations of CD123+ and
BDCA-2+ pDCs were increased weakly in the
seminoma (Figure 1H, 1l, 1K, 1L).

In this study, both CD207+ and CDla+ DCs
were found in the interstitial compartment of
normal testis (Figure 1M, 1P). Interestingly,
only a small number of CD1a+ DCs were detect-
ed in the seminoma (Figure 1N, 10, 1Q, 1R)
which indicated that CD1a+ DCs in testis were
different from LCs of skin and mucosa.

We also tested the expression of macrophages
in the seminoma and its controls. Both CD68+
and CD163+ macrophages were detected in
the interstitial area of normal testis (Figure 1S,
1V). The populations of CD68+ and CD163+
macrophages were significantly elevated in the
seminoma compared with its controls (Figure
1T, 1U, 1W, 1X). In addition, the double staining
of immunofluorescence showed that CD68 did
not co-localize with CD163 (data not show),
which indicated that two types of macrophages
expressed in the seminoma. As immunohisto-
chemical staining showed that CD68+ macro-
phages in the seminoma appeared to aggre-
gate (Figure 1T), we, therefore, analyzed the
relationship between CD68+ macrophages and
CD11c+ mDCs using double staining of immu-
nofluorescence. Study results showed that
CD68+ macrophages distributed around
CD11c+ mDCs in the seminoma (Figure 2Ba-
Bd), which indicated CD11c+ mDCs had a ten-
dency to recruit CD68+ macrophages under
tumor microenvironment.

In order to evaluate the classic of immune cells
which play a dominant role in the seminoma,
we analyzed the expression of above surface
markers in the seminoma using One Way
ANOVA (LSD-t test was used for multiple com-
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parison study). The results indicated that
CD11c+ mDCs were the predominant compo-
nent of the seminoma and abundantly forming
aggregate unit under tumor microenvironment
of seminoma (Figure 2C).

CD11c+ mDCs with an immature phenotype in
the seminoma

Tumor microenvironment and its tumor cells
release factors that reverse or inhibit tumor
infiltrating DCs (TiDCs) maturation and normal
function [18]. In the meantime, immature and
paralyzed TiDCs suppress both innate and
adaptive immune effectors, which contribute to
tumor escape [19]. Immature DCs express
CD1a, Chemokine Receptor (such as CCR6),
adhesion molecules (such as DC-SIGN), and
low level of MHC class Il (HLA-DR).

HLA-DR is an MHC class Il cell surface receptor
which typically found on the surface of APCs
[20]. Study results of immunohistochemical
staining showed that HLA-DR+ cells were locat-
ed in the interstitial compartment of the normal
testis (Figure 3A). Compared with its controls,
the numbers of HLA-DR+ cells were significant-
ly increased in the seminoma (Figure 3B, 3C).
However, HLA-DR did totally not co-localized
with CD11c¢ and most of them were located
around CD11c+ mDCs (Figure 3Ja-Jd) which
was consist with the distribution of CD68+
macrophages in the seminoma (Figure
2Ba-Bd).

CCR6 is a C-C motif chemokine receptor pro-
tein which is encoded by the CCR6 gene and
preferentially expressed by memory T cells and
immature DCs [21]. CCR6+ cells were occa-
sionally found in the interstitial area of normal
testis (Figure 3D). For comparison, the popula-
tion of CCR6+ cells were significantly increased
in the seminoma (Figure 3E, 3F) and immuno-
fluorescent studies of double staining showed
that mostly of CD11c+ mDCs expressed CCR6
(Figure 3Ka-Kd).

The immunohistochemical analysis suggests
that CD83 which identified as mature DCs is
expressed in the seminoma at low levels (Figure
3H), and there were no CD83+ DCs in normal
testis (Figure 3G). Taken together, these data
suggest that CD11c+DC-SIGN+CCR6+HLA-DR-
CD83- mDCs in the seminoma were in an
immature phenotype and play an important
role in the process of tumor immune escape.

Int J Clin Exp Pathol 2016;9(3):2803-2819
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Figure 1. Distribution of CD11c+, DC-SIGN+, CD123+, BDCA-2+, CDla+, CD207+, CD68+, CD163+ cells in normal testis and seminoma. CD11c+ mDCs were
identified in the interstitial compartment of the normal testis (A). Abnormal large amount of CD11c+ mDCs were observed in the infiltrate and also concentrated
as aggregate unit in the seminoma (B). DC-SIGN+ cells were sparsely localized in the interstitial area of normal testis; meanwhile, germ cells as well as sertoli cells
expressed DC-SIGN (D). Abnormal large amount of DC-SIGN+ mDCs concentrated as aggregate unit in the seminoma (E). CD123+/BDCA-2+ pDCs were sparsely
localized in the interstitial compartment of normal testis respectively (G, J). CD123+/BDCA-2+ pDCs were identified in the lymphocyte infiltrate area of seminoma
respectively (H, K). CD1a+/CD207+ DCs were sparsely identified in the interstitial compartment of the normal testis (M, P). Abnormal large amount of CD1a+ cells
in seminoma tissues (N). CD207+ DCs were absent from the controls (Q). Both CD68+ and CD163+ macrophages were identified in the interstitial compartment of
normal testis (S, V). CD68+ macrophages were increased in the seminoma and mostly of them concentrated as aggregate unit were observed in the seminoma (T).
Abnormal large amount of CD163+ cells in seminoma tissues (W). Comparison of the numbers of CD11c+, DC-SIGN+, CD123+, BDCA-2+, CD1a+, CD207+, CD68+,
CD163+ cells in controls and seminoma (C, F, I, L, O, R, U, X). Quantitative enumeration was performed at the single cell level in immunohistochemically stained
sections by in situ analysis using Image-Pro Plus software. The results are expressed as the means + SEM; Arrows represent positive cells; *Represent the lumen
of seminiferous tubule; #P<0.05; Bar = 100 pm (Original magnification, x200; Inset: x400).
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Figure 2. Immunofluorescence double staining of CD11c+DC-SIGN+ mDCs and CD68+CD11c- macrophages in the seminoma. Two color immunofluorescence was
used to determine CD11c+DC-SIGN+ mDCs and CD68+CD11c- macrophages expression: CD11c, CY3, red fluorescence (Ac, Bc); CD68 and DC-SIGN, CY2, green
fluorescence (Ab, Bb); CD68+CD11c- macrophages, merged (Ad); CD11c+DC-SIGN+ mDCs, merged (Bd); Nuclei were labeled with DAPI (Aa, Ba); respectively. Bar
=50 uym (Magnification: x400). CD11c+ mDCs were the predominant component of the APCs in seminoma (C). One Way ANOVA (LSD-t test) was used for multiple
comparison; Quantitative enumeration was performed at the single cell level in immunohistochemically stained sections by in situ analysis using Image-Pro Plus
software. The results are expressed as the means + SEM; #P<0.05.
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Figure 3. Distribution of HLA-DR+, CCR6+ and CD83+ cells in the seminoma and its control. Both HLA-DR and CCR6+ cells were observed in the interstitial compart-
ment of normal testis respectively (A, D). The number of HLA-DR+ and CCR6+ cells were significantly increased in the seminoma (B, E) compared with it controls
respectively (C, F). CD83+ DCs were sparsely localized in the seminoma (H) and virtually absent from the normal testis (G). The number of CD83+ cells/mm? in
seminoma (l). Quantitative enumeration was performed at the single cell level in immunohistochemically stained sections by in situ analysis using Image-Pro Plus
software. The results are expressed as the means + SEM; Arrows represent positive cells; *Represent the lumen of seminiferous tubule; #P<0.05; Bar = 100 ym
(Original maghnification, x200; Inset: x400). Two color immunofluorescence was used to determine CD11c+HLA-DR- and CD11c+CCR6+ mDCs expression: CD11c,
CY3, red fluorescence (Jc, Kc); HLA-DR and CCR6, CY2, green fluorescence (Jb, Kb); CD11c+HLA-DR- mDCs, merged (Jd); CD11c+CCR6+ mDCs, merged (Kd); Nuclei
were labeled with DAPI (Ja, Ka); respectively. Bar = 50 um (Magnification: x400).
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CD11c+ mDCs with tolerance cytokine profile
in the seminoma

In a preliminary set of experiments, we
observed CD1l1c+ mDCs with an immature
phonotype playing a predominant role and
abundantly forming aggregate unit in the semi-
noma. It is relevant to note that DCs in the
tumor microenvironment possesses potent T
cell suppressive functions and can induce
immune tolerance by secreting immunosup-
pressive cytokines [22]. Therefore, we analyzed
the cytokine profiles of CD11c+ mDCs in the
seminoma.

Indoleamine-2,3-dioxygenase (IDO), a trypto-
phanmetabolizing enzyme constitutively secret-
ed by certain subsets of DCs, which was
ascribed to inhibit T-cell proliferation by deplet-
ing the essential amino-acid tryptophan in T
lymphocytes [23]. Compared with normal con-
trols, the populations of IDO+ cells were signifi-
cantly increased in the seminoma and mostly
distributed as clump (Figure 4A-C). In addition,
double staining of immunofluorescent studies
showed that CD1l1c+ DCs were co-localized
with IDO in the seminoma (Figure 5Aa-Ad).

In this study, we also test the expression pro-
files of other immunosuppressive cytokines
such as VEGF, TGF-B1, IL-10 and IL-4 in the
seminoma and its controls. In normal sper-
matogenic tissue, the expression of VEGF was
largely found in the sertoli cell-germ cell con-
tact areas (Figure 4D). However, in seminoma
tissues, the expression intensity of VEGF were
greatly increased and mostly of them distribut-
ed as clump (Figure 4E, 4F). In addition, double
staining of immunofluorescent studies showed
that CD11c+ DCs were co-localized with VEGF
in the seminoma (Figure 5Ba-Bd).

TGF-B1 modulates many important cellular
events, including cell differentiation, migration
and adhesion. Furthermore, in normal testis,
Leydig, Sertoli and germ cells expressed TGF-
31 (Figure 4G) which was involved in steroido-
genesis and spermatogenesis [24]. Compared
with normal testis, the expression intensity of
TGF-B1 were significantly increased in the semi-
noma tissue (Figure 4H, 4l). However, immmuno-
fluorescent studies of double staining showed
that CD11c+ mDCs in tumor did not expressed
TGF-B1 (Figure 5Ca-Cd).
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Both IL-10 and IL-4 were occasionally found in
the interstitial tissue of normal testis (Figures
4), 6G). Compared with normal testis, the
expression intensity of IL-10 and IL-4 were sig-
nificantly increased in the seminoma (Figures
4K, 4L, 6H, 6l). Double staining of immunofluo-
rescent techniques showed that CD11c+ mDCs
were co-staining with IL-4 but not IL-10 (Figure
5Da-Dd, 5Ea-Ed). Taken together, the expres-
sion intensity of IDO, VEGF, TGF-B1, IL.-4 and
IL-10 in the seminoma were significantly higher
than in normal testis. Furthermore, CD11c+
mDCs in seminoma were found to express
immune tolerance cytokines IDO, IL4 and VEGF.

CD11c+ mDCs with inflammatory cytokine
profile in the seminoma

In azoospermic testis with chronic inflamma-
tion, DCs perpetuate the local activation of
Thl7 cells by secreting large number of
IL-23p19, IL-6 and TNF-«, which results in IL-17
and IFN-y-driven inflammation [9]. However,
whether CD11c+ mDCs in the tumor microenvi-
ronment of seminoma could express those
inflammatory cytokine remains unknown.

In normal testis, IL-23p19 was localized in the
cytoplasm of long spermatids and sertoli cells
(Figure 4M) and IL-6 was localized in the cyto-
plasm and nucleus of round spermatids (Figure
4P), which indicate that those proteins plays an
important role during the process of spermato-
genesis. Compared with normal testis, the
expression intensity of IL-23p19 and IL-6 were
significantly increased in the seminoma (Figure
40, 4R), and in the meantime part of them were
developed into an aggregate unit (Figure 4N).
In addition, the results of immunofluorescent
double staining showed that CD11c+ mDCs
were co-localized with IL-23p19 and IL-6 in the
seminoma (Figure 5Fa-Fd, 5Ga-Gd).

Disturbed balance between Thl, Th2, regula-
tory T and Th17 producing cytokines in the
seminoma

The immunohistochemical studies suggests
that both CD3+ T cells and CD4+ cells were
expressed in the interstitial compartment of
normal testis at low levels (Figure 6A, 6D).
Meanwhile, the number of CD3+ T cells and
CD4+ cells were significantly increased in the
seminoma compared with its controls (Figure
6B, 6C, 6E, 6F). Interesting, CD4+ T cells were
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Figure 4. Distribution of IDO+, VEGF+, TGF-B+, IL-10+, IL-23+ and IL-6+ cells in the seminoma and normal testis. IDO+ cells were sparsely localized in the interstitial
compartment of normal testis (A). The expression intensity of IDO were significantly increased in the seminoma (B) compared with it controls (C). The expression
of VEGF was found in the sertoli cell-germ cell contact areas and interstitial compartment of normal testis (D). The expression intensity of VEGF was significantly
increased in the seminoma (E) compared with it controls (F). TGF-B1 was detected in the Leydig, Sertoli and germ cells of the normal testis (G). The expression in-
tensity of TGF-B1 were significantly increased in the seminoma (H) compared with it controls (1). IL-10+ cells were sparsely localized in the interstitial compartment
of normal testis (J). The expression intensity of IL-10 was significantly increased in seminoma (K) compared with it controls (L). In normal testis, IL-23 was localized
in the cytoplasm of long spermatids and sertoli cells (M) and IL-6 was localized in the cytoplasm and nucleus of round spermatids (P). The expression intensity of
IL-23 and il-6 were significantly increased in the seminoma (N, Q) compared with their controls (O, R). Mean optical density summary was used to represent the
expression intensity of immune-positive cells by in situ analysis using Image-Pro Plus software. The results are expressed as the means + SEM; Arrows represent
positive cells; *Represent the lumen of seminiferous tubule; #P<0.05; Bar = 100 um (Original magnification, x200; Inset: x400).
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Figure 5. Immunofluorescence double staining of CD11¢+IDO+, CD11¢c+VEGF+, CD11c+IL-4+, CD11c+IL-23+ and CD11c+IL-6+ mDCs in the seminoma. Two color
immunofluorescence was used to determine CD11c+IDO+VEGF+IL-4+I-23+IL-6+ and CD11c+IL-10-TGF-B1- mDCs expression: CD11c, CY3, red fluorescence (Ac,
Bc, Cc, Dc, Ec, Fc, Ge); IDO, VEGF, IL-4, TGF-B1, IL-10, IL-23 and IL-6: CY2, green fluorescence (Ab, Bb, Cb, Db, Eb, Fb, Gb); CD11c+IDO+ mDCs, merged (Ad);
CD11c+VEGF+ mDCs, merged (Bd); CD11c+ TGF-f1- mDCs, merged (Cd); CD11c+IL-4+ mDCs, merged (Dd); CD11c+IL-10- mDCs, merged (Ed); CD11c+IL-23+
mDCs, merged (Fd); CD11c+IL-6+ mDCs, merged (Gd); Nuclei were labeled with DAPI (Aa, Ba, Ca, Da, Ea, Fa, Ga); respectively. Bar = 50 ym (Magnification: x400).

2813 Int J Clin Exp Pathol 2016;9(3):2803-2819



CD11c+ myeloid dendritic cells in seminoma

Normal Seminoma

400.

. e d, B~ ol & 300 _
b e oy g [
(2t 2
Q 8 2004
+
&) 8 100
3]
o :
Normal Seminoma
F s 600 #
T
450
<t @
o 8 300!
(&) :
o
8 150
04

Normal Seminoma

IL-4

50

IL-4 + cells | HPF
° 8
E;IIIIP*

Normal Seminom
250,

200

Foxp3

1504

1004

S50

—
Foxp3+ cells / HPF
o

L‘ |%

Normal Seminoma
M~
100
‘T O; 80 £
- = -
- 2 s0
(]
o
& 40
= 20
=
o |

Normal Seminoma
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Figure 7. IFN-y+ cells were sparsely localized in the interstitial compartment of normal testis (A); meanwhile, IFN-y
was negative in the tissues of seminoma (B). Bar = 100 uym. Arrows represent positive cells. *Represent the testis
(Original magnification, x200; Inset: x400).

distributed around CD11c+ mDCs in the semi-
noma (Figure 6Pa-Pd), which indicated CD11c+
mDCs have a tendency to recruit T cells under
tumor microenvironment.

Previous study had showed that T cells in the
azoospermic testis with chronic inflammation
patients show skewing from Th2 responses
toward cytotoxic Thl response, as evidenced
by increased amounts of IFN-y+ and decreased
amounts of IL-4+ cells [9]. Unlike chronic inflam-
mation microenvironment, several reports have
investigated the Th1/Th2 cytokine balance in
tumor microenvironment and found a strong
Th2 shift [25]. The data of this study indicate
that IFN-y+ cells were sparsely distributed in
the normal testis and not present in the tissue
of seminoma (Figure 7A, 7B). Meanwhile, the
populations of IL4+ cells were significantly
increased in the seminoma compared with its
controls (Figure 6G, 6H, 61, 6Ra-Rd), which
suggest that a reduced Th1l and enhanced Th2
immunity happened in the tumor microenviron-
ment of seminoma.

Our previous studies also showed that a shift in
the Foxp3+/IL-17+ balance towards Th17 cells
and a related increase in the populations of
IL-17+ cells were detected in the testis tissue of
azoospermic patients with chronic inflamma-
tion [9]. Interestingly, both IL-17+ and Foxp3+
cells were significantly increased in the tissues
of seminoma in this study (Figure 6J-0).
Immunofluorescent studies of double staining
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showed that the population of Treg (CD3+
Foxp3+) and Th17 (CD4+IL-17+) cells were sig-
nificantly increased in the seminoma testis
(Figure 6Qa-Qd, Sa-Sd).

Discussion

DCs are versatile controller of immune system
which belong to the APCs that are key player in
antigen presentation and uniquely adapted to
activate naive T lymphocyte exerting a pivotal
pathogenic role in autoimmune reactions and
tumor immunological escape, but the distribu-
tion, characteristics and function of DC subsets
in the normal testis and seminoma have not
been well defined in the previous study.
Recently, patients with seminoma have been
reported to have increased frequency of DCs
and T helper (Th) cells producing cytokines in
the tumor tissues of testis [12]. Interestingly,
our previous study has shown that IL-23 pro-
ducing DCs were significantly increased in the
azoospermic testis with chronic inflammation
and could induce an immunodeviation of Th
cells towards a Th17 immune response which
associated with testicular damage [9]. In this
study, we demonstrated for the first time that:
(i) Normal human testis contained only imma-
ture CD11c+, CD1la+, CD207+, DC-SIGN+ DCs,
CD123+, BDCA-2+ pDCs and CD68+, CD163+
macrophages whereas CD83+ maturity DCs
were virtually absent. (i) The number of
CD11c+/CD1a+/DC-SIGN+ DCs and CD123+
BDCA-2+ pDCs were significantly elevated in
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the seminoma. In addition, CD11c+ mDCs were
the predominant component of the seminoma
and abundantly forming aggregate unit under
tumor microenvironment of seminoma. (iii) The
CD11c+ mDCs in seminoma were in an imma-
ture phenotype which strongly expressed the
immature markers DC-SIGN and CCR6 and
weakly expressed the mature markers CD83
and HLA-DR. (iv) The CD11c+ mDCs in semino-
ma were in a dual cytokine profiles which
expressed tolerance cytokines (IDO, VEGF, IL-4)
and inflammatory cytokines (IL-23p19, IL-6). (v)
Th2 (IL-4+), regulatory T (Foxp3+) and Th17 (IL-
17+) producing cytokines were significantly
increased under the tumor microenvironment
of seminoma.

pDCs represent the main interferon-a (IFN-)
producers among leucocytes and IFN-a might
help induce activating NK/T cytotoxic cells and
FasL-mediated apoptosis [26]. Cytotoxic T cells
as the main lymphocyte subsets have been
implicated in the occurrence and development
of malignant tumor [27]. However, it remains
unclear whether pDCs are dispensable during
the genesis and development of seminoma.
This study showed that CD123+ and BDCA-2+
pDCs were increased weakly in the seminoma
which indicated that pDCs are likely to have
only limited effect in the occurrence and devel-
opment of the seminoma.

Previous studies had revealed that immature
CD1a+ and DC-SIGN+ DCs playing a pivotal role
in the capture of auto antigens or exogenous
antigens and subsequent processing for pre-
sentation to T lymphocyte [28, 29]. Our studies
showed that the large numbers of DC-SIGN+
DCs were observed in the seminoma and also
concentrated as aggregate unit which were
mostly co-localization with CD11c+ mDCs. In
addition, CD11c+ mDCs in the seminoma tis-
sues expressed high level of CCR6 and low
level of CD83 or HLA-DR, which were served as
the immature marker and mature marker of DC
respectively. Earlier studies have shown that
the impaired balance between immature and
immature myeloid cells (DCs/macrophages) is
one of the hallmarks of malignant tumor [30].
Meanwhile, there is an increasing studies sug-
gest that progressive cancer growth is associ-
ated with the accumulation of immature
myeloid cells, and with a decreased number of
mature DC in malignant tumor patients [30-
32]. Therefore, the large numbers of CD11¢+DC-
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SIGN+CCR6+ immature DCs might have the
capable of inhibiting the immune surveillance
and could be the major factor which is respon-
sible for the immune escape and immune sup-
pression of seminoma patients.

In the case of cancer, cytokines such as VEGF,
TGF-B, IL-10, IDO and IL-4 secreted by tumor
cells and myeloid cells leads to the profound
suppression of antitumor immune responses
[15, 33-36]. Our studies results showed that
the expression intensity of IDO, VEGF, TGF-31,
IL-4 and IL-10 were significantly higher in the
seminoma than in normal testis. In addition,
CD11c+ mDCs in the seminoma were found to
express the tolerance cytokines IDO, IL4 and
VEGF. In vivo and vitro studies indicated that
even small numbers of IDO+ DCs can have pro-
found suppressive effects on the T lymphocyte
that recognize the antigen presented by IDO+
DCs [37]. Furthermore, VEGF enhance IDO
expression and activity by DCs and subse-
quently impacts Ag-specific and mitogen-stimu-
lated lymphocyte proliferation [38]. So that we
speculated that in seminoma testis naive T
cells might be biased by the CD11c+VEGF+IDO+
mDCs to adopt a regulatory phenotype. In some
studies, IL-10 and TGF-3 producing DCs induced
the proliferation of CD4+CD25+Foxp3+ regula-
tory T cells which play a key role in tumor
escape [15, 34]. However, we did not found
CD11c+ mDCs in this study expressed TGF-B1
and IL-10. Hence, we speculated that high level
of TGF-B1 and IL-10 secreted by seminoma
cells convert the local tissue microenvironment
into a tolerizing milieu and stimulate the prolif-
eration of foxp3+ regulatory T cells by co-work-
ing with DCs in the cancer testis.

This study demonstrated that a strong shift in
the Th1/Th2 balance towards Th2 producing
cytokines and a related increase in the popula-
tions of IL-4+ cells were detected in the semi-
noma testis. An earlier study had showed that
the depletion of CD11c+ DCs results in a strik-
ing impaired Th2 cytokine profile and a shift
toward Th1l (IFN-y+) immune response [39].
Interestingly, CD1l1c+ mDCs in this study
expressed IL-4, which could establish a Th2
supportive microenvironment. Accordingly, we
concluded that IL-4 producing CD11c+ mDCs in
the seminoma induced the proliferation of Th2
cells which play a critical role in the immune
escape and immune suppression of seminoma
patients [40].
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Figure 8. The working model shows the distribution of DCs, macrophages
and CD4+T cells in the seminoma. Increasing number of CD11c+ mDCs
which abundantly formed a aggregate unit with an immature phenotype in

tumor growth in an in vitro cul-
ture system [46]. Hence, the
dichotomy function of Th17 in
malignant may be related
to the versatile nature of
these cells depending on the
underlying micro-environmen-
tal conditions. It is critical in
the future to study the role of
CD11c+IL-23+ DCs and Thi7
cells in the seminoma and
how factors that control their

Cancer cells final lineage commitment

decision which might impair
the balance between their
anticancer immunity versus
tumor-promoting properties.

the seminoma testis. In addition, both CD4+ Th cells and CD68+ macro-

phages were distributed around CD11c+ mDCs which indicated CD11c+
mDCs have a tendency to recruit Th cells and macrophages and play an im-
portant role in the initiation of Th2 and regulatory T cells polarity shift which
promoted a tolerance environment in the seminoma.

Our studies showed that the expression inten-
sity of cytokines IL-23p19, IL-6 and the number
of IL17+ cells were significantly increased in the
seminoma. Interestingly, CD11c+ mDCs in the
seminoma were found to express inflammatory
cytokines 1L-23p19 and IL-6. It is relevant to
know that the “inflammatory DCs” are recently
identified as CD11c+IL-23+ mDCs that are first
to recruit to the site of inflammatory response
and induce naive T cells to differentiate into
Th17 cells [41]. In addition, our previous study
demonstrated that in patients from azoosper-
mic testis with chronic inflammation an
increased number of testicular CD1l1c+IL-
23p19+ mDCs establish a Thl7 supportive
microenvironment and marked the critical step
in the disease development [9]. Although the
role of Thl7 in the pathogenesis of chronic
infectious immunity and autoimmune diseases
has been well defined, the impact of these cells
on the process of cancer development and
metastasis is still under debate. Multiple stud-
ies have indicated that Th17 promote antitu-
mor immunity in the occurrence and develop-
ment of carcinoma [42, 43]. However, several
human reports have highlighted that increased
numbers of IL-17 (most of which being secreted
by CD4+ T cells) directly correlated to poor
prognosis in cancer patients [44, 45]. Further
characterization revealed that tumor-derived
IL-17-producing cells were not immune suppres-
sive, but have the capacity to promote the
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Based on these data, our
hypothesis is that the occur-
rence and development of
seminoma and its tumor
escape is closely associated
with the increased number of CD11c+ mDCs
which abundantly forming aggregate unit with
an immature phenotype in the testis of semi-
noma. These cells population, by means of
cells interactions and their cytokines, such as
IDO, VEGF, IL-4, I1L.-23p19 and IL-6, may play an
important role in the initiation of Th2 and regu-
latory T cells polarity shift and promoting the
tolerance environment in the seminoma (Figure
8). In the future, an understanding of the het-
erogeneity and function of CD11c+ mDCs in
seminoma is critical to design of DCs vaccine
therapy for the treatment of testicular cancer
patients.

Acknowledgements

This study was supported by the National
Natural Science Foundation of China (No.
81572513) and Science and Technology
Project of Shenzhen (JCYJ2015040309144-
3334).

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Xianxin Li, De-
partment of Urology, Shenzhen PKU-HKUST Medical
Center, Peking University Shenzhen Hospital, 1120
Lianhua Road, Futian District, Shenzhen 518036,
China. Tel: (+86)755-83923333-8886; Fax: (+86)-
755-83929927; E-mail: xianxinli@163.com

Int J Clin Exp Pathol 2016;9(3):2803-2819


mailto:xianxinli@163.com

CD11c+ myeloid dendritic cells in seminoma

References

(1]

(3]

(4]

(5]

(7]

(8]

(9]

(10]

(11]

[12]

[13]

(14]

(15]

Mital P, Hinton BT and Dufour JM. The blood-
testis and blood-epididymis barriers are more
than just their tight junctions. Biol Reprod
2011; 84: 851-858.

Russell LD and Peterson RN. Sertoli cell junc-
tions: morphological and functional correlates.
Int Rev Cytol 1985; 94: 177-211.

Fawcett DW, Leak LV and Heidger PM Jr. Elec-
tron microscopic observations on the structur-
al components of the blood-testis barrier. J
Reprod Fertil Suppl 1970; 10: 105-122.
Setchell BP. Blood-testis barrier, junctional and
transport proteins and spermatogenesis. Adv
Exp Med Biol 2008; 636: 212-233.

Fijak M, losub R, Schneider E, Linder M, Re-
spondek K, Klug J and Meinhardt A. Identifica-
tion of immunodominant autoantigens in rat
autoimmune orchitis. J Pathol 2005; 207: 127-
138.

Meinhardt A and Hedger MP. Immunological,
paracrine and endocrine aspects of testicular
immune privilege. Mol Cell Endocrinol 2011;
335: 60-68.

Perez CV, Theas MS, Jacobo PV, Jarazo-Dietri-
ch S, Guazzone VA and Lustig L. Dual role of
immune cells in the testis: Protective or patho-
genic for germ cells? Spermatogenesis 2013;
3:e23870.

Vivas AG, Lozano HJ and Velasco J. [Immune-
testicular regulation and cytokines]. Invest Clin
2007; 48: 107-121.

Duan YG, Yu CF, Novak N, Bieber T, Zhu CH,
Schuppe HC, Haidl G and Allam JP. Immunode-
viation towards a Th17 immune response as-
sociated with testicular damage in azoosper-
mic men. Int J Androl 2011; 34: e536-545.
Gabrilovich D. Mechanisms and functional sig-
nificance of tumour-induced dendritic-cell de-
fects. Nat Rev Immunol 2004; 4: 941-952.
Oosterhuis JW and Looijenga LH. Testicular
germ-cell tumours in a broader perspective.
Nat Rev Cancer 2005; 5: 210-222.

Hvarness T, Nielsen JE, Almstrup K, Skakke-
baek NE, Rajpert-De Meyts E and Claesson
MH. Phenotypic characterisation of immune
cell infiltrates in testicular germ cell neoplasia.
J Reprod Immunol 2013; 100: 135-145.
Schraml BU and Reis e Sousa C. Defining den-
dritic cells. Curr Opin Immunol 2015; 32: 13-
20.

Tran Janco JM, Lamichhane P, Karyampudi L
and Knutson KL. Tumor-infiltrating dendritic
cells in cancer pathogenesis. J Immunol 2015;
194: 2985-2991.

Dumitriu IE, Dunbar DR, Howie SE, Sethi T and
Gregory CD. Human dendritic cells produce
TGF-beta 1 under the influence of lung carci-

2818

(16]

[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

noma cells and prime the differentiation of
CD4+CD25+Foxp3+ regulatory T cells. J Im-
munol 2009; 182: 2795-2807.

Saint F, Leroy X, Graziana JP, Moukassa D,
Gosselin B, Biserte J, Chopin D and Rigot JM.
Dendritic cell infiltration in a patient with semi-
nomatous germ cell tumor of the testis: is
there a relationship with infertility and tumor
stage? J Urol 2002; 167: 1643-1647.

Mostofi FK and Sesterhenn IA. Pathology of
germ cell tumors of testes. Prog Clin Biol Res
1985; 203: 1-34.

Naujoks M, Weiss J, Riedel T, Homberg N, Prze-
woznik M, Noessner E, Rocken M and Mocikat
R. Alterations of costimulatory molecules and
instructive cytokines expressed by dendritic
cells in the microenvironment of an endoge-
nous mouse lymphoma. Cancer Immunol Im-
munother 2014; 63: 491-499.

van Beek JJ, Wimmers F, Hato SV, de Vries |J
and Skold AE. Dendritic cell cross talk with in-
nate and innate-like effector cells in antitumor
immunity: implications for DC vaccination. Crit
Rev Immunol 2014; 34: 517-536.

Marsh SG, Albert ED, Bodmer WF, Bontrop RE,
Dupont B, Erlich HA, Geraghty DE, Hansen JA,
Hurley CK, Mach B, Mayr WR, Parham P, Pe-
tersdorf EW, Sasazuki T, Schreuder GM, Stro-
minger JL, Svejgaard A, Terasaki Pl and Trows-
dale J. Nomenclature for factors of the HLA
system, 2004. Hum Immunol 2005; 66: 571-
636.

Zaballos A, Varona R, Gutierrez J, Lind P and
Marquez G. Molecular cloning and RNA expres-
sion of two new human chemokine receptor-
like genes. Biochem Biophys Res Commun
1996; 227: 846-853.

Terabe M and Berzofsky JA. Immunoregulatory
T cells in tumor immunity. Curr Opin Immunol
2004; 16: 157-162.

Mellor AL, Chandler P, Baban B, Hansen AM,
Marshall B, Pihkala J, Waldmann H, Cobbold S,
Adams E and Munn DH. Specific subsets of
murine dendritic cells acquire potent T cell
regulatory functions following CTLA4-mediated
induction of indoleamine 2,3 dioxygenase. Int
Immunol 2004; 16: 1391-1401.

Gonzalez CR, Matzkin ME, Frungieri MB, Ter-
radas C, Ponzio R, Puigdomenech E, Levalle O,
Calandra RS and Gonzalez-Calvar Sl. Expres-
sion of the TGF-betal system in human testic-
ular pathologies. Reprod Biol Endocrinol 2010;
8: 148.

Muraille E, Leo O and Moser M. TH1/TH2 para-
digm extended: macrophage polarization as
an unappreciated pathogen-driven escape
mechanism? Front Immunol 2014; 5: 603.
Feng D and Barnes BJ. Bioinformatics analysis
of the factors controlling type | IFN gene ex-

Int J Clin Exp Pathol 2016;9(3):2803-2819



[27]

(28]

[29]

[30]

(31]

[32]

[33]

(34]

[35]

[36]

CD11c+ myeloid dendritic cells in seminoma

pression in autoimmune disease and virus-in-
duced immunity. Front Immunol 2013; 4: 291.
Karanikas V and Germenis A. Tumor specific
CD8+ T cells in patients with lung cancer and
healthy individuals. J BUON 2009; 14 Suppl 1:
S153-157.

Allam JP, Duan Y, Heinemann F, Winter J, Gotz
W, Deschner J, Wenghoefer M, Bieber T, Jep-
sen S and Novak N. IL.-23-producing CD68(+)
macrophage-like cells predominate within an
IL-17-polarized infiltrate in chronic periodonti-
tis lesions. J Clin Periodontol 2011; 38: 879-
886.

Novak N, Koch S, Allam JP and Bieber T. Den-
dritic cells: bridging innate and adaptive immu-
nity in atopic dermatitis. J Allergy Clin Immunol
2010; 125: 50-59.

Kusmartsev S and Gabrilovich DI. Immature
myeloid cells and cancer-associated immune
suppression. Cancer Immunol Immunother
2002; 51: 293-298.

Almand B, Resser JR, Lindman B, Nadaf S,
Clark JI, Kwon ED, Carbone DP and Gabrilovich
DI. Clinical significance of defective dendritic
cell differentiation in cancer. Clin Cancer Res
2000; 6: 1755-1766.

Almand B, Clark JI, Nikitina E, van Beynen J,
English NR, Knight SC, Carbone DP and Ga-
brilovich DI. Increased production of immature
myeloid cells in cancer patients: a mechanism
of immunosuppression in cancer. J Immunol
2001; 166: 678-689.

Lissoni P, Malugani F, Bonfanti A, Bucovec R,
Secondino S, Brivio F, Ferrari-Bravo A, Ferrante
R, Vigore L, Rovelli F, Mandala M, Viviani S, Fu-
magalli L and Gardani GS. Abnormally en-
hanced blood concentrations of vascular en-
dothelial growth factor (VEGF) in metastatic
cancer patients and their relation to circulating
dendritic cells, IL-12 and endothelin-1. J Biol
Regul Homeost Agents 2001; 15: 140-144.
Salvati VM, Mazzarella G, Gianfrani C, Levings
MK, Stefanile R, De Giulio B, laquinto G, Giar-
dullo N, Auricchio S, Roncarolo MG and Tron-
cone R. Recombinant human interleukin 10
suppresses gliadin dependent T cell activation
in ex vivo cultured coeliac intestinal mucosa.
Gut 2005; 54: 46-53.

Mellor AL, Baban B, Chandler P, Marshall B,
Jhaver K, Hansen A, Koni PA, Iwashima M and
Munn DH. Cutting edge: induced indoleamine
2,3 dioxygenase expression in dendritic cell
subsets suppresses T cell clonal expansion. J
Immunol 2003; 171: 1652-1655.

de Azevedo MT, Saad ST and Gilli SC. IL4 and
IFNalpha generation of dendritic cells reveals
great migratory potential and NFkB and cJun
expression in IL4DCs. Immunol Invest 2013;
42:711-725.

2819

(37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

Xie FT, Cao JS, Zhao J, Yu Y, Qi F and Dai XC.
IDO expressing dendritic cells suppress al-
lograft rejection of small bowel transplantation
in mice by expansion of Foxp3(+) regulatory T
cells. Transpl Immunol 2015; 33: 69-77.

Marti LC, Pavon L, Severino P, Sibov T, Guilhen
D and Moreira-Filho CA. Vascular endothelial
growth factor-A enhances indoleamine 2,3-di-
oxygenase expression by dendritic cells and
subsequently impacts lymphocyte prolifera-
tion. Mem Inst Oswaldo Cruz 2014; 109: 70-
79.

Phythian-Adams AT, Cook PC, Lundie RJ, Jones
LH, Smith KA, Barr TA, Hochweller K, Anderton
SM, Hammerling GJ, Maizels RM and MacDon-
ald AS. CD11c depletion severely disrupts Th2
induction and development in vivo. J Exp Med
2010; 207: 2089-2096.

Shurin MR, Lu L, Kalinski P, Stewart-Akers AM
and Lotze MT. Th1/Th2 balance in cancer,
transplantation and pregnancy. Springer Se-
min Immunopathol 1999; 21: 339-359.
Segura E, Touzot M, Bohineust A, Cappuccio A,
Chiocchia G, Hosmalin A, Dalod M, Soumelis V
and Amigorena S. Human inflammatory den-
dritic cells induce Th17 cell differentiation. Im-
munity 2013; 38: 336-348.

Muranski P, Boni A, Antony PA, Cassard L, Ir-
vine KR, Kaiser A, Paulos CM, Palmer DC, Tou-
loukian CE, Ptak K, Gattinoni L, Wrzesinski C,
Hinrichs CS, Kerstann KW, Feigenbaum L,
Chan CC and Restifo NP. Tumor-specific Th17-
polarized cells eradicate large established
melanoma. Blood 2008; 112: 362-373.
Gnerlich JL, Mitchem JB, Weir JS, Sankpal NV,
Kashiwagi H, Belt BA, Porembka MR, Herndon
JM, Eberlein TJ, Goedegebuure P and Linehan
DC. Induction of Th17 cells in the tumor micro-
environment improves survival in a murine
model of pancreatic cancer. J Immunol 2010;
185: 4063-4071.

Zhang JP, Yan J, Xu J, Pang XH, Chen MS, Li L,
Wu C, Li SP and Zheng L. Increased intratu-
moral IL-17-producing cells correlate with poor
survival in hepatocellular carcinoma patients.
J Hepatol 2009; 50: 980-989.

Chen X, Wan J, Liu J, Xie W, Diao X, Xu J, Zhu B
and Chen Z. Increased IL-17-producing cells
correlate with poor survival and lymphangio-
genesis in NSCLC patients. Lung Cancer 2010;
69: 348-354.

Su X, Ye J, Hsueh EC, Zhang Y, Hoft DF and
Peng G. Tumor microenvironments direct the
recruitment and expansion of human Thi7
cells. J Immunol 2010; 184: 1630-1641.

Int J Clin Exp Pathol 2016;9(3):2803-2819



