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Abstract: The tumor microenvironment is comprised of multiple cell types arranged in a three-dimensional structure.
Interactions amongst the various cell components play an important role in neoplasia, including the inflammatory
reaction that occurs as part of the host response. In this study, the regional lymphocyte subpopulations and cytokine
profiles associated with prostate cancer were examined using a quantitative imaging approach and expression mi-
croarray analysis. Lymphocytes were measured in four different epithelial phenotypes in prostate cancer specimens:
carcinoma; prostatic intraepithelial neoplasia (PIN); benign prostate hyperplasia (BPH); and normal epithelium. The
data indicate that CD8 positive, cytotoxic T lymphocytes are significantly decreased in regions adjacent to hyperplasia
and carcinoma as compared to normal epithelium and PIN. In contrast the relative number of CD4 positive and CD20
positive lymphocytes did not change markedly. Parallel mRNA expression array analysis of the normal and tumor
microenvironments identified a distinct cytokine profile in cancer, with 24 dysregulated genes in tumor epithelium
and nine altered in tumor-associated stroma. Overall, these data indicate that the spatial distribution of CD8 positive,
cytotoxic T lymphocytes is dysregulated in human prostate glands that contain cancer, and cytokine profiles are al-

tered at the mRNA level.
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Introduction

The host inflammatory response in the tumor
microenvironment plays an important role in the
development of neoplasms and is believed to
include a competition between cancer cells and
the immune system [1-4]. For example, CD4
lymphocytes secrete cytokines that serve to
limit the growth of tumor cells via two separate
mechanisms; activation of CD8-positive, cyto-
toxic T lymphocytes (CTLs) that effect tumor
destruction by direct lysis of malignant cells
through the Fas or perforin/Granzyme pathways
[5-8]; and, differentiation of B lymphocytes into
plasma cells that subsequently secrete antibod-
ies against the invading cancer [5]. However,
the precise interplay that occurs between tumor
and non-tumor cells is not fully understood, thus

there is a need to characterize and measure the
involved components in detail in clinical sam-
ples that harbor tumors. Moreover, since the
immune response has spatial as well as tempo-
ral characteristics it is useful to examine the
immune system status in the context of an en-
tire organ in order to facilitate a comprehensive
characterization of the microenvironment, allow-
ing investigators to measure cellular and mo-
lecular components in a native tissue setting
and gain an appreciation of the relationship
amongst the various components. In prostate
cancer specimens for example, an ex vivo organ
analysis permits study of the wide range of nor-
mal biology and pathology present in the sam-
ples, including; normal host cells, hyperplasia,
pre-malignant lesions, inflammatory cells, and
tumors.
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Figure 1. CD3 Lymphocyte Measurements. Relative
number of CD3-positive lymphocytes in histopa-
thological regions of prostatic intraepithelial neopla-

sia (PIN), carcinoma, hyperplasia, and normal epithe-
lium.

In a previous study, we employed a histomathe-
matical analysis strategy to measure protein
levels in the prostate cancer microenvironment
and observed a decrease in the number of T
lymphocytes in the vicinity of tumor epithelium
relative to normal epithelium and prostatic intra-
epithelial neoplasia (PIN), while benign prostate
hyperplasia (BPH) showed an intermediate
value between that of the cancer and non-
cancer cells (Figure 1) [9]. These results were
generated using CD3 antigen as a pan-T cell
marker, thus we could not determine the iden-
tity of the tumor-dysregulated lymphocytes at
that time. The aim of the present study was to
further investigate this phenomenon by measur-
ing the lymphocyte sub-types associated with
the epithelial phenotypes in prostate cancer
specimens, and to investigate the cytokines that
mediate the process. Both quantitative immuno-
histochemistry and expression microarray analy-
sis of microdissected cell populations were util-
ized.

Materials and methods
Ten radical prostatectomy specimens were ob-

tained from the National Institutes of Health
and the National Naval Medical center under an
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IRB-approved protocol. Whole-mount prostate
cancer cases were ethanol-fixed and paraffin-
embedded as described previously [10].

Five whole-mount prostate tissues were col-
lected anonymously from patients undergoing
radical prostatectomy at the Catholic University
Hospital in Santiago Chile. A complete trans-
verse section of each excised prostate was em-
bedded in O.C.T. medium, and then flash frozen
at -80°C. The frozen tissue blocks were ano-
nymized and shipped to the National Cancer
Institute as part of an IRB-approved protocol.
Five localized primary prostate cancer cases
with low to moderate Gleason grades were se-
lected on the basis of both adequate tumor size
and the ability to laser capture microdissect
tumor-associated stroma without contamination
by infiltrating tumor or inflammatory cells.

Five mm thick tissue sections were immu-
nostained with three antibodies according to a
standard immunohistochemistry (IHC) protocol
(DAKO  Cytomation EnVision system-HRP.
Carpinteria, CA). Sections were incubated for 1
hour at RT with one of the following primary an-
tibodies: CD4, mouse anti-human (Zymed labs,
San-Francisco CA, cat # 08-0101), pre-diluted;
CD8, mouse anti-human (DAKO Cytomation,
Carpinteria, CA, cat #MO0716), 1:20; CD20,
mouse anti-human (DAKO Cytomation, Carpinte-
ria, CA, cat #MO755), 1:200. Slides were
counterstained with hematoxylin and positively
stained cells were identified by the presence of
a brown precipitate. Negative cells were identi-
fied by the absence of a brown precipitate and
the presence of only blue counterstain.

A detailed experimental protocol appears else-
where [11]. In short: Recut histological sections
from five frozen whole-mounted cases were
laser capture microdissected (PixCell lle, Arctu-
rus Engineering, Inc., Mountain View, CA) in four
separate histopathologically-defined regions:
tumor epithelium; tumor-associated stroma;
normal epithelium; and normal stroma. Linearly
amplified RNA samples were hybridized to Affy-
metrix U133 plus 2.0 GeneChips (Affymetrix
Inc., Santa Clara, CA). Raw data signal intensi-
ties were quantified using the Gene Chip Oper-
ating Software (GCOS) provided by Affymetrix.
Intensities were normalized to remove back-
ground signal and filtered such that only per-
fectly matched probe sets were retained. The
data were then analyzed by comparing tumor
epithelium to normal epithelium and tumor
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stroma to normal stroma. Data sets were up-
loaded into the National Cancer Institute’s mi-
croarray analysis program (mAdb) to perform
molecular ontology and pathway analysis. Differ-
entially expressed transcripts specifically re-
lated to immune function were then identified.

In general, the same protocol that was used in
our previous histomathematical report was util-
ized [9]. Briefly, a pathologist (JWG) analyzed
the IHC stained tissue sections from all ten
cases in the study and photographed four repre-
sentative epithelial regions: a) Normal epithe-
lium; b) Benign prostate hyperplasia (BPH); c)
Prostatic intraepithelial neoplasia (PIN); ¢) Carci-
noma

The stained sections were imaged (constant
tissue area of 0.1 mm?2) using a magnification of
200x with an Olympus microscope and a
charged-coupled device (CCD) camera with a
resolution of 2080 x 1542 pixels (CCD color
bayer mosaic, Q-Color-3 by Olympus, USA). Six-
teen images were taken per slide generating
960 pictures (four pictures per each histological
area) x (six antibodies per case) x (10 cases). All
960 images were analyzed for the number of
positively and negatively stained cells using the
ImagePro Analysis System (ImagePro 4.5, Cy-
bernetics, Chevy-Chase, MD) as previously de-
scribed [9]. In short: the staining was evaluated
per total area of the picture taken (including the
epithelial and associated stromal areas) and
the percent positive cells was calculated by di-
viding the positive signal by the sum of the posi-
tive and negative signal for every picture. The
mean in each histological area was established
by averaging the percent positive signal for the
4 pictures taken for the area and was termed
the intensity of staining. For the intra-epithelial
count, areas of interest (AOl) were annotated
around the epithelium in every picture and the
percent positive count was calculated by divid-

ing the positive signal in the epithelium by the
sum of the positive and negative signal in the
epithelium. Pair wise comparison analysis of
variance (ANOVA) and a bar graph representa-
tion with calculated error bars were then ap-
plied to the data sets using PartekPro (Partek,
Inc. St. Charles, MO).

Results

Ten whole-mount prostate cancer cases were
evaluated for the levels of CD4, CD8, and CD20
positive lymphocytes using a quantitative analy-
sis strategy. Regions of the prostate containing
normal epithelium, BPH, PIN, and cancer were
individually studied and for each measurement
both the epithelial component and immediately
surrounding stroma were included.

Qualitatively, IHC for CD4 revealed occasional to
abundant immuno-positive lymphocytes in the
epithelial compartment and the surrounding
stroma of all four components analyzed. In con-
trast, IHC for CD8 cells showed only a few scat-
tered immuno-positive lymphocytes in the epi-
thelium and stroma of normal, BPH, PIN, and
tumor (Figure 2). CD20-positive cells (B lympho-
cytes) were rarely observed in the stroma over-
all and were not seen associated with any of the
epithelial components except for cancer where
rare immuno-positive cells were identified.

Quantitative analyses of these results are sum-
marized in Figure 3 and Table 1. CD4 positive
cells were observed at a similar abundance
level in all sub-regions of the prostate. In con-
trast, CD8 positive cells were significantly less
common in regions containing cancer and BPH
as opposed to normal epithelium and PIN. Re-
ductions in CD8+ lymphocytes were noted for
both the overall histological field (tumor and
stroma) as well as the epithelial components of
BPH and cancer (Figure 4). CD20 positive cells

Table 1. Statistical analysis of lymphocyte number comparison amongst PIN, carcinoma, hyperplasia, and
normal epithelium. Statistically significant p-values are in blue

PIN - Hyperpla- PIN - Normal Carcinoma - Carcinoma - Nor-
PIN - Carcinoma sia Epithelium Hyperplasia mal Epithelium
CD3 0.05464 0.415919 0.852019 0.250407 0.0802136
CDh4 0.893656 0.874042 0.443344 0.980169 0.369018
CD8 0.0314564 0.0216791 0.451762 0.872492 0.00488537
CD8 Epithelial 0.000430376 0.00376864 0.491397 0.440662 0.0000550
CD20 0.94937 0.42308 0.502703 0.460226 0.543616
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Figure 2. CD8 Lymphocytes and Histology. Histological images of CD8-positive cells in prostatic intraepithelial neo-
plasia (Panel A) and carcinoma (Panel B).
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Figure 3. CD4, CD8, CD20 Lymphocyte Measure-
ments. Relative number of CD4-, CD8-, and CD20-
positive lymphocytes in histopathological regions of
prostatic intraepithelial neoplasia (PIN), carcinoma,
hyperplasia, and normal epithelium.

were generally scarce throughout the prostate
and were not significantly associated with any of
the epithelial regions (Figure 3).

We next assessed expression levels of immune-
related transcripts in normal and tumor areas to
examine the associated cytokine profile. Data
from previous global mRNA measurements from
five prostatectomy specimens with cancer were
re-analyzed specifically for immune-related fea-
tures [11]. Both the epithelial and stromal com-
ponents were individually assessed. Twenty-four
genes related to immune function were differen-
tially expressed in the tumor epithelium relative
to the normal epithelium, four up-regulated and
twenty down-regulated (Table 2). Nine immune-
related transcripts were differentially expressed
in the tumor-associated stroma (six up-
regulated, three down-regulated). The two most
highly up-regulated immune-related transcripts
in the tumor epithelium were chemokine ligand
14 (CXCL14, 2.55 fold difference), and inter-
leukin 17 receptor B (ILA7RB, 2.08 fold differ-
ence). CXCL14 was also the most highly dys-
regulated transcript in the tumor-associated
stroma (3.26 fold difference). In contrast,
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Figure 4. CD8 Lymphocyte Measurements. Rela-
tive number of CD8-positive, intraepithelial lym-
phocytes in histopathological regions of prostatic
intraepithelial neoplasia (PIN), carcinoma, hyper-
plasia, and normal epithelium.

CXCR4 was the third-most negatively regulated
transcript (-1.98 fold difference) in the tumor
epithelium behind suppressor of cytokine sig-
naling 3 (S0OCS3,-2.21 fold difference) and
CCAAT/enhancer binding protein (CEBPB,-2.21
fold difference).

Discussion

The results of the present study indicate that
decreased numbers of CD8+ lymphocytes are
associated with prostate tumors, and that there
is a significant dysregulation of cytokines in his-
tological regions that contain cancer. T-cell lym-
phocytes are an important element in the im-
mune response and are regulated through a
cascade of cellular and cytokine-based interac-
tions. CD4+ lymphocytes, or T-helper cells, rec-
ognize antigens in conjunction with antigen pre-
senting cells (APC) and produce cytokines that
induce a wide response against foreign proteins
on viruses or those on tumor cells [12-14]. In
contrast, CD8+ cytotoxic T lymphocytes directly
attack and kill infected cells or cancers via bind-
ing of the CD8 glycoprotein and T-cell receptor
to Class | MHC molecules on the target cells.

Am J Cancer Res 2011;1(1):120-127
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Table 2. Expression microarray comparing tumor versus normal epithelium and comparing tumor stroma
versus normal stroma

Immune Features - Tumor Cells vs Normal Epithelium

Gene Fold Change OMIM UniGene ID Description
CXCL14 2.55 604186 NCBI 483444 Chemokine (C-X-C motif) ligand 14
ILA7RB 2.08 605458 NCBI 558512 Homo sapiens interleukin 17 receptor B
PAWR 1.52 601936 NCBI 406074 PRKC, apoptosis, WT1, regulator
IGSF4 1.38 605686 NCBI 370510 Immunoglobulin superfamily, member 4
C7 -1.21 217070 NCBI; 78065 Complement component 7

610102 NCBI
FAS -1.34 134637 NCBI; 244139 Fas (TNF receptor superfamily, member 6)

601859 NCBI
PRKCA -1.39 176960 NCBI 531704 Protein kinase C, alpha
NKTR -1.43 161565 NCBI 529509 Natural killer-tumor recognition sequence
ELF4 -1.43 n/a 271940 E74-like factor 4 (ets domain transcription factor)
HLA-DPA1 -1.44 142880 NCBI 347270 Major histocompatibility complex, class I, DP alpha 1
CXCR7 -1.48 610376 NCBI 471751 Chemokine (C-X-C motif) receptor 7
IFIT3 -1.50 n/a 47338 Interferon-induced protein with tetratricopeptide repeats 3
ETS1 -1.65 164720 NCBI 369438 v-ets erythroblastosis virus E26 oncogene homolog 1
CD69 -1.68 107273 NCBI 208854 CD69 antigen (p60, early T-cell activation antigen)
BCL2 -1.70 151430 NCBI 150749 B-cell CLL/lymphoma 2
CX3CL1 -1.73 601880 NCBI 531668 Chemokine (C-X3-C motif) ligand 1
IFI16 -1.74 147586 NCBI 380250 Interferon, gamma-inducible protein 16
CLU -1.75 185430 NCBI 436657 Clusterin
IL6ST -1.77 600694 NCBI 532082 Interleukin 6 signal transducer (gp130, oncostatin M recep-
PTGER4 -1.89 601586 NCBI 199248 tF:)r:))staglandin E receptor 4 (subtype EP4)
IL6ST -1.91 600694 NCBI 532082 Interleukin 6 signal transducer (gp130)
CXCR4 -1.98 162643 NCBI; 421986 Chemokine (C-X-C motif) receptor 4

193670 NCBI

CCAAT/enhancer binding protein (Interleukin 6-dependent

CEBPB -2.11 189965 NCBI 517106 DNA-binding protein)
SOCS3 -2.21 604176 NCBI 527973 Suppressor of cytokine signaling 3

Immune Features - Tumor Stroma vs Normal Stroma

Gene Fold Change OMIM UniGene ID Description
CXCL14 3.26 604186 NCBI 483444 Chemokine (C-X-C motif) ligand 14
IGSF4D 1.97 609938 NCBI 164578 Immunoglobulin superfamily, member 4D
CD24 1.78 126200 NCBI; 632285 CD24 antigen
600074 NCBI
TNFSF10 1.62 603598 NCBI 478275 Tumor necrosis factor (ligand) superfamily, member 10
AZGP1 1.34 194460 NCBI 546239 Alpha-2-glycoprotein 1, zinc-binding
ARTS-1 1.20 606832 NCBI 436186 Type 1 tumor necrosis factor receptor shedding aminopepti-
dase regulator
C3 -1.14 120700 NCBI 529053 Complement component 3
IGKC -1.48 147200 NCBI 552522 Immunoglobulin kappa constant
HLA-C -1.80 134580 NCBI; 552522 Major histocompatibility complex, class I, C
147200 NCBI
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CD8+ cells release cytotoxic perforin and gran-
zymes that initiate a series of cell killing events
that include formation of aqueous channels,
activation of cellular cysteine proteases and
caspases, and ultimately apoptosis of the in-
fected or cancerous cell [13]. A second way to
induce apoptosis is via cell-surface interactions
between the CD8+ cells and the surface protein
FAS ligand (FasL)(ApolL)(CD95L) that binds to
Fas (Apol)(CD95) molecules expressed on the
target cell [13]. Engagement of Fas with FasL
allows for recruitment of the death-induced si-
lencing complex (DISC). The Fas-associated
death domain (FADD) translocates with the
DISC, allowing recruitment of procaspases 8
and 10 which then activate the effector cas-
pases 3, 6, and 7, leading to cleavage of death
substrates such as lamin A, lamin B1, lamin B2,
PARP, and DNAPK. The final result is apoptosis
of the target cell that expresses Fas [13].

With respect to the current study, the observed
decrease in CD8+ lymphocytes may facilitate
tumor development by removing this important
tumor-cytotoxic aspect of the immune response.
This result is consistent with the previous work
of Naoe and colleagues [14] who assessed
MHC class | expression and lymphocytes in both
benign and malignant prostate tissue and found
significantly fewer CD8+ T lymphocytes associ-
ated with prostate tumor cells than in benign
prostate, including a significant correlation be-
tween the number of CD8+ T lymphocytes and
MHC class | expression. The authors concluded
this relationship might be important in cancer
growth. Our study extends this observation fur-
ther by analyzing CD8+ lymphocytes in the con-
text of a detailed histopathological examination,
and further analyzing cytokine profiles at the
transcript level.

Overall, the cytokine mRNA pattern showed
mostly down-regulation of genes in tumor cells
and up-regulation in the tumor stroma. The di-
rectionality of immune-related mRNA changes is
the same as we have previously observed in
microdissection-based global gene expression
studies of both prostate cancer and esophageal
squamous cell carcinoma; more down-regulated
transcripts in tumor cells as compared to corre-
sponding normal epithelium, and more up-
regulated mRNAs in tumor associated stroma
versus normal quiescent stroma [11]. Changes
in genes encoding inflammatory proteins in-
cluded up-regulation of PAWR and IGSF4 and
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down regulation of SOCS3, CEBPB, IL6ST, CLU
and IFI16 in the tumor cells. In the tumor-
associated stroma, up-regulation of IGSF4D,
CD24, and TNFSF10 was seen, and down-
regulation of HLA-C, IGKC, and C3 was ob-
served.

The data on CXCR4 were among the most inter-
esting findings in the study as these results dif-
fered from some reports in the literature and
there is extensive evidence that CXCR4 is in-
volved in development or progression of multi-
ple different tumor types [15-19]. CXCR4 is a
seven transmembrane G protein-coupled recep-
tor that plays a role in many physiological proc-
esses involving cell migration and cell fate, such
as vascular formation in the gastrointestinal
tract and other sites of angiogenesis, stem cell
homing, neural development, and immune cell
trafficking [15, 16]. CXCR4’s ligand, CXCL12/
SDF-1, is constitutively expressed in many cell
types, including endothelium, keratinocytes,
sweat glands, and sites of chronic inflammation
[17]. The signaling mechanism by which CXCR4
promotes cell migration through CXCL12 is me-
diated through the Gaisz-Rho pathway [16].
Apart from leukocytes, in which CXCR4 is ubiqui-
tously present, expression of CXCR4 is low or
absent in many normal tissues, including
breast, ovary, and colon. However, CXCR4 is
implicated in various pathological conditions,
including metastatic spread and human immu-
nodeficiency virus infection, and CXCL12 is ex-
pressed in common sites of metastasis (lung,
liver, bone). CXCR4 is also frequently expressed
by human cancer cells and to date more than
20 different tumor types are known to up-
regulate CXCR4 protein [18]. In contrast, our
data showed decreased levels of CXCR4 mRNA
in microdissected tumor cells. A recent report by
Singh et al studying CXCR4 in prostate cancer
provides a potential mechanistic explanation for
this finding [19]. These investigators found that
CXCR4 induces caspase-mediated apoptosis in
prostate tumor cells when stimulated by gp-120
-llIB, thus diminished levels of CXCR4 could
have a protective effect. Based on these find-
ings, additional study of CXCR4 and its ligands
are warranted in prostate cancer.

In summary, by using an open, non-directed
histomathematics analysis technique, we were
able to identify differential expression in the
inflammatory infiltrate in human prostate can-
cer. This report highlights the importance of
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quantitative, high throughput approaches in
pathological specimens, efforts that can lead to
new insight into disease pathogenesis.
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