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Cluster designation (CD) antigens are cell surface
markers that can be used to identify constituent cell
populations of an organ. We have previously deter-
mined the CD phenotype of normal prostate paren-
chymal cells (Am J Pathol 2002, 160:37-43) and are
now extending this analysis to prostate cancer. Since
expression of CD antigens is associated with cellular
differentiation, cancer cells may differ from their
normal counterpart in their CD profile. Compared
with luminal secretory cells, prostate adenocarci-
noma cells are frequently negative for CD10 and
CD13, express increased levels of the cell activation
molecule CD24, and decreased levels of the apoptosis-
associated multifunctional enzyme CD38. Expression
of CD57, CD63, CD75s, CD107a, CD107b, CD164, and
CD166 by cancer cells is similar to that of secretory
cells. Prostate basal epithelial cells do not express the
CD antigens characteristic of prostate secretory cells;
and the basal cell CD markers, CD29, CD44, CD49b,
CD49f, CD104, and nerve growth factor receptor
(NGFR) are not expressed by cancer cells. The prefer-
ential expression of secretory cell-associated CD
markers by prostate cancer cells suggests a closer
lineage relationship between cancer cells and secre-
tory cells than basal cells. Although the above cancer
CD phenotype was the most frequently seen, some
prostate cancers contained populations of CD10-
and/or CD13-positive cells, and CD57-negative cells.
Furthermore, the cancer phenotype of tumor metas-
tasis is different. Despite its low frequency in primary
tumors, CD10 is expressed by virtually all of the
nodal metastases of prostate cancer. In addition, stro-
mal fibromuscular cells associated with primary pros-
tate cancer differ from stromal cells in benign pros-
tate tissue by an increased level of expression of the
cell activation molecule, CD90. In summary, our data
show that the CD marker expression profile of pros-
tate cancer cells most closely resembles that of secre-

tory prostate epithelial cells and that some prostate
cancers consist of heterogeneous cell populations as
distinguished by CD-marker expression profiles.
(Am J Pathol 2004, 165:1543-1556)

Prostate cancer is the most frequent cancer in men, and
the second leading cause of cancer mortality in the US."
However, the prevalence of prostate cancer is at least
fivefold greater than the frequency with which it causes
morbidity. Parameters that can stratify patients for type of
therapy based on likelihood of tumor progression are
clinical stage, serum PSA, and histological differentiation,
conventionally reported as the Gleason grade.? Although
these parameters predict outcome for populations of pa-
tients, they are only weak predictors of the course of the
disease in the individual patient. Thus, better tissue mark-
ers are needed that can supplement Gleason grade and
be applied either to biopsies to stratify for primary ther-
apy or to radical prostatectomy samples to stratify for
adjuvant therapy.

Cell and tissue markers that may be informative on the
outcome of prostate cancer include Ki67 fraction, hepsin,
PIM-1, EZH2, etc.®® In general, the predictive power of
these markers has not been demonstrated in multivariate
analyses. In addition, a useful tumor marker is one that
would also serve as a target for therapy. One of the efforts
of our prostate cancer genomics program is to identify
these markers.® While this approach has great potential,
useful reagents, once identified, require time for devel-
opment and validation. We propose that a panel of com-
mercially available, well-characterized antibodies to cell
surface molecules could be used to identify cancers with
distinct clinical behaviors.

Cluster designation (CD) antigens, of which there are
now more than 200, were first defined on leukocytes.
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These markers have been proven to be very useful in
lineage study of hematopoietic cell types (http:/ncbi.
nim.nih.gov/prow/). We have completed a study immuno-
phenotyping the prostate, in which CD molecules spe-
cific for the different cell types were identified” (http://

scgap.systemsbiology.net/figures/CD_specificity.php).

Since expression of CD molecules is linked to physiolog-
ical changes,®® tumor cells may have distinct comple-
ments of CD molecules that differ from those of normal
cells. Furthermore, these differentially expressed mole-
cules may have functional significance. We have ob-
served distinct CD profiles in the prostate cancer cell
lines LNCaP, PC3, and DU145,'° which differ in their
malignant property. Since prostate cancer is a heteroge-
neous disease with respect to tumor behavior, we ques-
tioned whether patterns of CD expression could also be
used to identify clinically distinctive cancer cell types in
both primary tumors and metastases.’" If true, the behav-
ior of a tumor might be predicted by its cell CD pheno-
type. Furthermore, CD molecules common to all prostate
cancer cell types might serve as therapeutic targets for
cell killing. This study was undertaken to identify CD
molecules that are differentially expressed in prostate
cancers.

Materials and Methods

Prostate Tissues and Lymph Node Metastases

Tissue blocks from about 80 radical prostatectomy and
25 lymph node metastasis were used for this study. To
maximize yield of tumor and minimize cell degradation,
we used the following protocol. Immediately upon receipt
of the radical prostatectomy in the frozen section room of
the Department of Pathology, serial 3-mm thick trans-
verse sections were cut. Quadrants were prepared from
each transverse section after submitting the apex and
base for permanent sections. The posterior tissue quad-
rants from alternate 3-mm thick transverse sections were
embedded in OCT and frozen. The frozen tissue blocks
were assigned an anonymized code and accessioned
into our tumor bank. Those frozen blocks containing tu-
mor foci were labeled as cancer tissue sample (CP) while
those containing no tumor were labeled as sample of
normal prostate tissue (NP). For flow cytometry analysis
to assess the feasibility of sorting cancer cell populations,
only tumors with a relatively large volume (at least 1 ml) in
a single focus were chosen. In nearly all cases the block
selected for staining contained the largest amount of
tumor. Tissue enriched for cancer, in which at least 85%
of the cells in the corresponding frozen section were
cancer cells and weighing at least 100 mg, was dis-
sected from the opposing aspect of the non-fixed section
that was adjacent to the block that was frozen. For im-
munohistochemistry, tissue blocks (containing cancer)
were randomly selected from the tissue bank. Each spec-
imen had a numeric code with a letter code indicating the
site origin of the block (right apex, left mid, etc). Multiple
5-um thin serial sections were sliced from each tissue
block and fixed in cold acetone. Lymph node metastasis

specimens (the numerals, if present, after the letter code
indicate a particular node in a group of several) were
similarly processed. We used frozen sections for these
studies since a majority of the CD antibodies that we use
do not immunoreact with antigens in formalin-fixed, par-
affin-embedded tissue.

Immunohistochemistry

CD expression was probed principally by immunohisto-
chemistry, and all monoclonal CD antibodies (mouse
19G,, 19G,,, 19G,,, I1gM, and rat IgG,,) were obtained
from BD-PharMingen (San Diego, CA). Isotype-specific
CD-antigen irrelevant antibody clones MOPC21 (IgG,)
and G155-178 (IgG,,) were used as negative controls.
Immunolocalization was done using an indirect avidin-
biotin-peroxidase method. The most used primary anti-
bodies: CD10, CD13, CD24, CD26, CD29, CD38, CD44,
CD45, CD49a, CD49b, CD49f, CD53, CD55, CD57,
CD63, CD69, CD71, CDw75 (updated to CD75s), CD90,
CD104, CD107a, CD107b, CD164, CD166, and nerve
growth factor receptor (NGFR) were used at concentra-
tions listed in Table 1, based on a protocol as described
previously.” The titers were selected to minimize non-
specific staining. The positive tissue controls are those
prostate parenchymal cells that we have identified as
expressing each respective antigen.” The secondary an-
tibodies were either biotinylated anti-mouse IgG (BA-
2000, Vector Labs, Burlingame, CA) which also reacts
with rat IgG antibodies), or anti-mouse IgM (BA-2020) for
the CD57 and CD75s antibodies. Reaction product was
detected by incubating sections in a solution of avidin-
biotin-peroxidase, followed by a solution of the chromo-
gen diaminobenzidine. The sections were counterstained
with hematoxylin. Specificity of labeling was confirmed by
omission of the primary antibody.

The immunohistochemistry staining level was catego-
rized as: intense, in which the immunoreaction deposit
was distinctly more optically dense than background and
tissue that did not express the antigen; equivocal, in
which the immunoreaction deposit was either similar
enough in optical density to the background and/or to
tissue that did not express the antigen, or was so focal, ie,
< 5% of cells, that there was reasonable uncertainty
regarding whether the cells expressed the antigen; and
none, in which there was either no immunoreaction de-
posit or that the reaction product was no more optically
dense than background.

Cell-Type Analysis by Flow Cytometry

Matched tumor (CP) and non-tumor (NP) samples, ob-
tained as described above, were digested with type |
collagenase (GIBCO-BRL, Rockville, MD) to prepare
populations of single cells.'"'® The cells were resus-
pended in 50-ul aliquots of 0.1% bovine serum albumin-
Hanks’ balanced salt solution (BSA-HBSS). Aliquots of
CD antibodies (=0.1 ng) were added to the cell suspen-
sions. The CD antibodies are conjugated to either R-
phycoerythrin (PE) or fluorescein isothiocyanate (FITC)
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Antibody Clone Isotype Concentration
CD10 HI10a mouse IgG1 4.6 ng/pl

CD13 WM15 mouse IgG1 0.032 ul 50 tests/ml/ul
CD24 ML5 mouse lgG2a 4.6 ng/pl

CD26 M-A261 mouse IgG1 0.03 ul 50 tests/ml/ul
CD29 MAR4 mouse IgG1 3.1 ng/pl

CD38 HIT2 mouse IgG1 4 ng/ul

CD44 G44-26 mouse IgG2b 0.8 ng/pl

CD45 HI30 mouse IgG1 6 ng/ul

CD49a SR84 mouse IgG1 0.036 wl 50 tests/mi/ul
CD49b 12F1-H6 mouse |gG2a 3.3 ng/pl

CD4of GoH3 rat IgG2a 3.9 ng/pl

CD53 HI29 mouse IgG1 8 ng/ul

CD55 IA10 mouse lgG2a 6.7 ng/ul

CD57 NK-1 mouse IgM 6.2 ng/ul

CD63 H5C6 mouse IgG1 0.025 ul 50 tests/mi/ul
CD69 FN50 mouse IgG1 8 ng/ul

CD71 M-A712 mouse lgG2a 4 ng/ul

CDw75 LN1 mouse IgM 5.7 ng/ul

CD90 5E10 mouse IgG1 2.7 ng/ul

CD104 439-9B rat 1IgG2b 3.6 ng/ul

CD105 266 mouse IgG1 6 ng/ul

CD107a H4A3 mouse IgG1 2 ng/ul

CD107b H4B4 mouse IgG1 0.006 ul 50 tests/ml/ul
CD164 103B2 mouse IgG3 7.5 ng/ul

CD166 3A6 mouse IgG1 0.03 pl 50 tests/ml/pl
NGFR C40-1457 mouse IgG1 0.04 ul 50 tests/ml/ul

fluorescent molecules. After labeling, the cells were re-
suspended and fixed in a solution of 2% formalin in HBSS
for flow analysis. Omission of the primary antibody or
irrelevant isotype-specific fluorochromated antibodies
were used as negative controls to delineate the autofluo-
rescent (negative) cell population. Events that exhibited
fluorescence outside the ranges delineated by the neg-
ative controls were scored as positive as described pre-
viously.'® The percentage of labeled cells for each CD
antibody was determined. Since the CP samples did not
contain pure populations of cancer cells, but contained
some normal epithelial cells and stromal cells of various
types, the percentage of labeled cells in CP was normal-
ized to the percentage of CD57-positive cells. We chose
CD57 as the normalization cell phenotype since CD57 is
expressed by cancer cells as well as by normal secretory
cells.

Results

Luminal Secretory-Cell CD Markers in Cancer

For the majority of specimens analyzed, the cancer cell
profile  was CD107/CD137/CD24 1 /CD26%/CD38 |,/
CD57%/CD75s*/CD107b™ (where 1 denotes increased
and | denotes decreased immunostaining intensity) as
shown in Figure 1. For these specific markers, the secre-
tory cell profile is predominantly CD10"/CD13"/CD24*/
CD26%/CD38"/CD57*/CD75s*/CD107b™, while the
basal cell profile is CD107/CD137/CD24~/CD26~/
CD38 /CD57 /CD75s~/CD107b~. Other Iuminal CD
markers found in cancer were CD63, CD107a, CD164,
and CD166, while basal CD markers including CD29,
CD44, CD49b, CD49f, CD104, and NGFR were not ex-
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pressed by cancer cells (data not shown, but available at
our database: http://scgap.systemsbiology.net/). This da-
tabase also contains information regarding heterogeneity
of immunostaining of the histologically normal epithelium.
The significance of this heterogeneity is unclear to us at
present. Thus, cancer cells differed from their normal
luminal cell counterpart in the absence of expression of
CD10 and CD18. In addition, CD24 immunoreactivity was
more intense and CD38 immunoreactivity less intense in
cancer cells compared with normal cells.

This profile of immunohistochemistry-defined CD ex-
pression by cancer correlated with expression patterns
obtained by flow analysis of cells prepared from dis-
sected samples. The percentage of CD10- and CD13-
positive cells was decreased in the cancer sample shown
in Figure 2. There was no appreciable decrease in the
CD26- and CD107b-positive cell fractions, in agreement
with the immunohistochemistry results. The percentage
of cells expressing basal cell markers CD29, CD44,
CD55, and CD104 was decreased in CP compared with
NP, consistent with our observation that cancer cells do
not express basal cell CD markers. The fraction of cells
expressing CD49a, which is uniformly expressed by stro-
mal fibromuscular cells, was decreased to some extent.
This finding is consistent with the interpretation that the
glands of cancer are usually more densely packed than
are normal glands. As a consequence of glandular
crowding, the percentage of stromal cells in cancer-
containing tissue is reduced. There were no sizeable
differences in the fraction of CD53, CD69, and CD71
cells. The first two are markers of lymphoid cells, which
appeared to be equally represented in CP and NP. CD71
is reactive to multiple cell types. Because we did not
know which cell types were being labeled in flow analysis
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Figure 1. CD phenotype of prostate cancer. Shown are the staining results of CD10, CD13, CD24, CD26, CD38, CD57, CD75s, CD104, and CD107b on serial
sections of specimen 01-064D. In this specimen, the tumor glands in the lower right of the field are negative for CD10 (the photomicrographs are identified by
the CD molecules), CD13 and CD104; positive for CD24, CD26, CD38, CD57, CD75s, and CD107b. The tumor glands are visualized by their intense staining for
CD24 compared to the larger benign glands. In contrast, tumor glands are stained weaker for CD38 compared to benign glands. They are also more uniformly
stained for CD57, however, normal glands elsewhere in this specimen were well stained by CD57. CD104 stains the basal cell layer of benign glands, which is

absent in cancer glands. Magnification is X100.

(for example, CD13 stains not only luminal cells, but also
endothelial cells, nerve elements, and leukocytes’), no
attempt was made to refine this analysis other than to
show that immunoreactivity was concordant between im-
munohistochemistry and flow cytometry.

Our analysis reported here concerns cancer and a
systematic analysis of high-grade prostatic intraepithelial
neoplasia (HGPIN) was not carried out. We reported
earlier a lower intensity of CD10 staining in HGPIN com-
pared to normal epithelium.'®

Cancer CD Phenotypes

In addition to the CD107/CD137/CD24 1 /CD26"/
CD38 |, /CD57*/CD75s*/CD107b" phenotype, other
cancer phenotypes were found. These included tumors
that were scored as CD10*, CD13", and/or CD57 . The
tumor shown in Figure 3A contained cancer cells that
were CD10* and CD13™. In a number of cases, two
populations of the same tumor were found to express
different CD profiles, which were not apparent by routine
staining. In one example, one tumor focus was charac-

terized by the more common CD137/CD57" phenotype
and the other by a variant CD13"/CD57~ phenotype
(data not shown). The following two examples are shown
to illustrate the staining heterogeneity for a high Gleason-
grade tumor and a low Gleason-grade tumor. In Figure 3B,
a staining gradient separated two foci of cancer cells
graded Gleason 4. One focus was characterized as
CD107/CD137/CD24*/CD26*/CD38*/CD57"/CD75s™
and the other as CD10"/CD137/CD24+/CD26+/CD38/
CD577/CD75s™ (both were CD1047). In Figure 3C, the
two cancer phenotypes graded Gleason 3 were not as
clearly segregated. One type was characterized as
CD10~/CD137/CD57~ while the other was CD10"/
CD13*/CD57*; both were CD24%/CD26"/CD387/
CD75s"/CD104~. Tumor specimens containing aggre-
gates of cancer cells with a non-glandular (Gleason
pattern 4) histology constituted about 20% of the samples
studied, and the example shown in Figure 4 was scored
as CD107/CD137/CD24"/CD26*/CD38~/CD57*/CD75s™/
CD104~/CD107b*. CD10" or CD13" cancer cells were
also seen in other such examples (data not shown).
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Figure 2. Flow analysis of cancer. For the purpose of comparison, the number of positive events to each CD specificity (x axis) is adjusted to the percentage of
CD57" cells in either NP (13%) or CP (57.6%) (y axis), and tabulated. The finding that the cancer of specimen 99-010 is predominantly CD57" was shown by
immunohistochemistry of frozen blocks coded as 99—010E and 99—010F, although the tissue sample analyzed by flow cytometry was not the same as that
represented in the tissue blocks. Staining results for CD10, CD13, CD104 and CD107b are also shown. CD57, CD10, CD13, CD26, and CD107b are reactive to
luminal cells; CD44, CD104, CD29, and CDS55 are reactive to basal cells; CD29, CD55, and CD49a are reactive to stromal fibromuscular cells; CD71 is reactive to
multiple cell types; while CD53 and CDG9 are reactive to white blood cells. Note the decreased positivity for CD10 and CD13 in CP. The CD44 and CD104 results

are indicative of an under-representation of basal cells.

The immunostaining results of the first 31 tumor spec-
imens analyzed are presented in Figure 5. The tumors
were all negative for CD104. Expression of CD10, CD13,
and CD38 was variable, whereas expression of CD24,
CD26, CD57, CD75s, and CD107b was less variable.
With regard to CD10, CD13, and CD57 expression
among a cohort of 16 cases that were screened, six
phenotypes could be assigned. There were nine typed as
CD10~/CD137/CD57*, two each as CD107/CD13"/
CD57*% and CD10"/CD137/CD57™", and one each as
CD10*/CD13*/CD57*, CD10%/CD13*/CD57~, and
CD10~/CD13*/CD57~. OQverall, CD10" cancer cells
were detected at a frequency of 27%, CD13™" cells at
32%, and CD57% cells at 80% (and CD24™" cells at 84%,
CD26™" cells at 90%, CD38™" cells at 45%, CD75s™ cells
at 100%, CD104™ cells at 0%, and CD107b™ cells at
98%) among the tumor foci.

In this first cohort, a probable association between
CD10™" cancer cells and higher-grade tumors could be
detected with a P value for the Fisher's exact test of
association of 0.09. Most Gleason 3 tumors were
CD10™.To validate this finding a larger cohort of 80 spec-
imens was analyzed for cancer-CD10 staining as pre-
sented in Figure 6. Each specimen was scored for its
component of Gleason 3, 4, and 5 patterns and the

percentage of staining in each pattern was estimated. For
data presentation, the specimens were sorted by their
overall percentage of CD10 staining. It is evident that
many of the tumors with only Gleason pattern 3 showed
no staining. There were also many tumors containing at
least 5% CD10" cancer cells. Two cases (because the
patients were surgically treated for their metastases) of
cancer recurrence (indicated by bold in the first column)
contained a significant proportion of CD10* cancer cells
in the primary tumors. Of those cases staged N+, almost
all contained CD10™" cells (=10%) except cases 02-007
and 99-068. However, the particular section (labeled C)
of 02-007 showed only a Gleason 3 pattern while the
overall Gleason score was 4 + 3 (therefore the Gleason
pattern 4 in a different region of the prostate might con-
tain CD10™ cells). Similarly, the sections of 99-068
scored (Gleason 3 and 4) as well as a T4 case, 99-002,
showed no Gleason 5 pattern, however, the overall
scores were 4 + 5 and 3 + 5, respectively. Thus, sam-
pling may account for these discrepancies of association
between CD10 and advanced disease. This sampling
problem can be illustrated with 01-182B that showed
90% Gleason 3, 10% Gleason 4; and its sister block
01-182D (representing a different tumor locus of the
same gland) that showed 70% Gleason 3, 25% Gleason
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Figure 3. Tumor heterogeneity. A: CD10%/CD13™ tumor glands. Two specimens, 01-089D and 01-090D, are contrasted. In the top panels, the cancer glands
(middle) of 01-089D are not stained for CD10 and CD13 (whereas surrounding benign glands are stained). In the bottom panels, some of the small cancer
glands in 01-090D are stained for CD10, and all for CD13. The cancer glands are negative for CD104 (not shown). Magnification is X100. B: Adjacent, differentially
stained tumor cell populations of high Gleason grade. Serial sections of specimen 01-081D were stained with the antibodies identified in the individual
micrographs. Two tumor CD phenotypes are evident. Both types are positive for CD75s and negative for CD104 (stained are basal cells of benign glands,
endothelial cells of blood vessels, and nerve cells in this field). The two types are otherwise indistinguishable by histomorphology. The Gleason score given for
this specimen is 4 + 4. Magnification is X100. C: Adjacent differentially stained tumor glands of low Gleason grade. One type of tumor glands is scored as
CD10™/CD137/CD57~ (blue arrow) while the other is scored as CD10"/CD13%/CD57" (red arrow) in specimen 01-076D. Both cancer gland types are
CD24%/CD26"/CD38"/CD75s"/CD104 ™. The Gleason score given for this specimen is 3 + 3. Magnification is X 100.

4, and 5% Gleason 5 cells. For case 99-022, which was
shown to have positive nodes, the cancer was recorded
as stage T2a. The TNM staging for the cases was based
on the 2002 version.™ In cases 01-079, 00-175, and
98-009 where tumor volume was relatively small (<1 ml)
the CD10™" cancer cells might be insignificant. The TNM
stages for cases with only CD10™ cells are distributed in
the following way: one T2a, one T2b, 16 T2c, three T3a,
one T3b, and one T3c. T2c was scored for case 02-034,
even though it was a 5.2-ml predominantly pattern 5
tumor the percentage of CD10™ cells was only 5%. These
examples illustrate the challenging aspect in this type of
analysis. Nevertheless, our data showed the following
trend: median percentage of tumor cells positive for
CD10 was 0% for Gleason 6, 13% for Gleason 7, and
10% for Gleason >7; 5% for stage <T3, 15% for >T2,
and 20% for N+. A more detailed statistical analysis of
this data set with additional informative results will be
communicated in another report.

Cancer Cell Types of Lymph Node Metastases

One striking difference between primary tumors and
lymph node metastases was the observation that most
cancer cells in the node metastases expressed CD10
(Figure 7), in contrast to the finding of CD10" cancer
cells in a minority of primary tumors. With the exception of
CD10, expression of the other CD molecules was not
significantly different between primary tumors (Figure 5)
and metastases (Figure 8). Note that the cancer cells of
node specimens 99-022G1, G2, and G3 could have
originated from cancer cells in the corresponding primary
tumor focus in 99-022H1 rather than from 99-022H2
(Figure 5) based on the presence of the same CD247/
CD38 /CD57 cancer cell type in 99-022H1. A compar-
ative flow analysis was carried out on samples obtained
from a second matched prostate cancer and node me-
tastasis (specimen 99-042). The prostate tumor tissue
was shown to contain ~1% CD10" cells and 40%
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Figure 4. CD phenotype of a non-glandular pattern tumor. The Gleason score given for specimen 98-366D is 4 + 5, and the tumor mass (arrowed in the CD10
panel, note benign glands are stained) are CD10~/CD137/CD24"/CD26*/CD38~/CD57"/CD75s/CD104~/CD107b™. Except for the complete absence of CD38
staining, the phenotype is like that of the specimen shown in Figure 1. Magnification is X100.

CD107b™ cells; while the node was shown to contain
16% CD10" cells and 15% CD107b™ cells. Assuming
that CD107b™ cells represented cancer epithelial cells,
the percentage of CD10™ cells increased from a small
fraction (~1%) in the prostate tumor to 100% in the lymph
node (CD45* lymphocytes, if present, were negative for
CD10, see also Figure 9).

Cancer-Associated CD Expression Changes in
the Stromal Compartment

In addition to both qualitative and quantitative CD expres-
sion changes in the epithelial cancer cells, some quanti-
tative changes were detected in the stromal fibromuscu-
lar cells. CD90 (Thy-1) is a marker for stromal cells in the
prostate,” and the stromal cells of tumors were stained
more intensely than those of benign tissue (Figure 9). This
increased CD90 staining appeared to be a common fea-
ture for nearly every tumor specimen analyzed. In fact,
the pronounced CD90 staining could serve to delineate
tumor foci in tissue sections, as this staining difference
did not appear to extend beyond the tumor area. An
increased staining of cancer area was also seen with

CD105 (endoglin/TGFBR), although it was difficult to dis-
tinguish whether the stained cells represented an in-
creased number of endothelial cells of blood vessels'
(data not shown).

Discussion

Based on the utility of CD phenotypes in leukemia clas-
sification, we were interested in whether prostate cancer
could also be CD phenotyped, whether different cancer
CD phenotypes could be correlated to disease out-
comes, and whether the compositional difference of CD
cancer cell types could be a basis of tumor heterogene-
ity. A cohort of over 80 prostatectomy specimens was
selected for this study. Since conditions of primary anti-
body immunoreactivity restricted us to using frozen sam-
ples we were limited to using samples collected as frozen
tissue within the past 4 years. The clinical parameters of
these specimens were available in a secured, restricted-
access database. The prostatic epithelium contains three
epithelial cell types: luminal secretory and basal cells that
constitute the principal populations plus a small popula-
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Figure 5. CD reactivity of prostate tumors. Thirty-one tumor specimens listed
in the first column were scored for the expression of the CD markers listed.
The subsequent columns indicate the immunoreactivity of the cancer to the
CD antibodies indicated. Percentages of cancer showing positive immuno-
staining are presented in quartile with each filled box representing an
increment of 25%. Unfilled boxes indicate no staining. Darker and lighter
shading of the boxes are used to indicate increased intensity of staining in
cancer versus non-cancer, as for CD24, and decreased intensity of staining, as
for CD38, respectively. 99—022H1 and H2 are two separate tumor foci of the
same specimen. For comparison, the CD phenotypes (as determined by flow
cytometry) of cancer cell lines LNCaP, PC3, DU145, and CL1 are shown at
the bottom. The lighter shaded boxes for CD24 in DU145 and CL1, and
for CD104 in LNCaP are used to represent a labeling percentage of less
than 25%. Because cultured cells were detached by trypsin before analysis
epitopes of molecules like GPI-anchored CD24 might be affected by the
enzyme treatment.

tion of neuroendocrine cells.'® A number of experimental
observations would suggest that cancer cells are derived
from the luminal or some luminal-like intermediate cell
type.'” In support of that, many CD molecules of luminal
cells are expressed by cancer cells whereas basal mark-
ers are generally not expressed by cancer cells. Among
the luminal markers, cancer cells of most primary tumors
are positive for CD24, CD26, CD38, CD57, CD75s, and
CD107b but negative for CD10 and CD13. Tumors char-
acterized by a non-glandular pattern, despite having a
higher Gleason score, are not remarkably different from
glandular tumors (of a lower score) with regard to the CD
phenotype. In fact, two morphologically distinct tumor
types have been reported to have similar clinical out-
comes.'® The prostate cancer CD phenotype is, how-
ever, unlike that of LNCaP (CD10"/CD137/CD24~/
CD26~/CD38~/CD57/CD75s™), PC3 (CD10~/CD13"/
CD247/CD387/CD44*/CD57~/CD75s~/CD104™), or
DU145 (CD107/CD137/CD26~/CD38~/CD44"/CD57~/
CD75s7/CD104™),'° three cell lines that are used as
prostate cancer models. This is not unexpected since
these cell lines were established from metastatic lesions.

Lack of CD10 and CD13 expression in cancer cells
suggests that their absence might play a role in the
process that gives rise to transformed cells. According to
the hypothesis that equates oncogeny to partially-
blocked ontogeny,'® cancer cells may appear as a result
of a block in the differentiation of an intermediate cell type
characterized by CD10"/CD13" in the epithelial cell lin-
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tumor % positive
CP___|% Gleason 3| % positive |% Gleason 4| % positive |% Gleason 5| % positive | volume | TNM total
01-1820 7 25 5 0 4. T3¢
99-028D 1. 8 5 0 4. T3a
01-178F 3 7 3. T30
99-068D 6 1. T3aN+
99-065C 80 1. T2c
990100 95 4 c
990010 60 X c
02-022C 100 i T3a
02-007C 100 X T3aN+
02-002A 100 X T2c
01-089D 100 2 T2c
01-070D 100 075 T2
[ 01-024A 100 4 c
01-015A 100 0.2 ic
99-153C 100 1.15 r2a
99-053C 100 na T2
99-024D 100 25 C
99-023D 100 18 C
99-010F 100 4 T2c
99-0028 100 8.5 T:
99-001B 100 5.6 C
98-367C 100 1 T3a
98-363D 100 15 T2c
98-353C 100 2.3 T2c
98-346F 100 18 T2b
98-106A 100 ] T2
98-104D 100 15 r2c
98-096C 100 1 c
98-090D 100 0.2 c
99-004D 65 35 2.7 2a 175
01-044B 45 55 I T2a 275
02-036A 95 5 4, c 2.85
98-350D 80 8.35 c 4
01-018C 85 1. c 4.2
00-176D 90 1. r2c 4.
01-135C 50 10 0 7. c 4,
99-0020 5 95 8. T: 4.75
01-021A 100 5. a
02-034A 100 5 5 c
99-156C 100 1 c
99-150D 100 0. c
98-382D 100 2 b
98-363C 100 1 C
98-336C 85 2! T3bN+ 8.5
99-044A. 75 5 0 1 T2c 8.5
00-168A 90 35 T2c
99-056C 90 25 r2c
01-076 100 6.5 c
01-064l 100 5 c
01-057C_| 100 0.7 c
990078 65 35 20 9 33 10.25
99-048D 15 85 15 25 T2 1275
01-0128 25 75 10 75 [3a
98-345E 100 0.9 a
01-079D 80 20 20 0.7 C
00-172A 40 60 20 2 a
98-366D 10 90 20 3 T3aN+
98-094D 100 2 T2c
01-180C 20 70 10 15 37 c 215
99-155D 70 25 35 18 T3cN+ | 2275
01-009E 15 80 5 10 17 23 25.25
98-009A 4 60 05 a 1
01-180E 35 65 37 c 3325
98-398C 50 50 40 2 T2c
[ 01-1828 90 40 10 4. T3c
99-022H 5 0 9 4 5 0 0. a
01-051B 60 65 7. a
01-081D 75 40 45 E T2 41,25
98-395D 60 45 4 5 25 15-20 E 4225
01-090D 70 60 : r2c 43.5
01-179C 90 50 . r2c 5
00-175C 90 50 E T2 46
00-165A 75 55 25 1 T2c 47.5
98-348C1 10 10 90 1 TaN+ 55
99-047D 70 60 30 [ T3aN+ | 555
97-233F 90 10 70 na M+ 70
01-058D 15 40 85 95 3. T2c 86.75
99-060C 25 90 75 90 1. C 90
[01-044D 100 % 1. a 95
01-051A 75 100 20 100 5 100 7 T3a 100
[02:003D 95 100 5 100 1 a 100
[01-164C 20 100 80 100 525 a 100
[01-077C 65 100 35 100 4 c 100
01-058C 80 100 20 100 35 c 100
99-066C 20 100 80 100 18 C 100

Figure 6. CD10 expression and Gleason components. The specimens in the
first column are listed in the order of increasing percentage of CD10-positive
cancer cells. The prostate cancer cases are characterized by percentages of
Gleason 3, 4, and 5 components and the percentages of CD10" cells in each
component. For example, the tumor of 01-182D (first entry) is composed of
70% Gleason pattern 3, of which 0% is CD10-positive; 25% Gleason pattern
4, of which 0% is CD10-positive; and 5% Gleason pattern 5, of which 0% is
CD10-positive. The tumor of 01-135C (36th entry) is composed of 50%
Gleason pattern 5, of which 5% is CD10-positive; 40% Gleason pattern 4, of
which 5% is CD10-positive; 10% Gleason pattern 5, of which 0% is CD10-
positive. Its total positive percentage is 50 X 5/100 + 40 X 5/100 = 4.5%. The
two cases highlighted in bold (98-395D and 97-233F) are known disease
recurrence. The tumor volume is in ml. Some cases, like 99-155 (22.75%
CD10-positive cancer cells) and 98-348 (55%), support the contention that
presence of CD10™ cancer cells indicate likelihood of disease progression (as
indicated by node involvement). Others, like 99-068 and 02-007, were
assigned N+ yet the specimens 99—068D and 02-007C contained no CD10-
positive cancer cells. However, our sampling only analyzed a portion of the
tumor for many of these cases (see text). na, not available.

eage. CD10, which is neutral endopeptidase or the com-
mon acute lymphoblastic leukemia antigen (CALLA) ex-
pressed by normal and neoplastic cell types,*® and
CD13, which is aminopeptidase N,?" are involved in the
processing of diverse regulatory peptides (CD26 is an-
other such enzyme). These activities release amino acid
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Figure 7. Lymph node metastases. Prostate cancer cells in the lymph nodes were identified by CD107b (and CD75s staining; and lymphocytes by CD45 staining).
CD10* cancer cells are evident in the two specimens, 00—061A7 and 99-022G1, shown. Staining appears to be localized to the apical surface of gland-like luminal
space. CD10™ cancer cells are also evident in 00—061A7 (upper left). Magnification is X100 (left) and X400 (right).

residues from the N-terminus with broad substrate spec-
ificity. The malignant transformation process may thus
involve aberrant signaling by peptide molecules that are
the substrates of CD10 and CD13. Possible substrates
include bombesin, endothelin-1, neurotensin, enkepha-
lins, and substance P for CD10,%2® neurotensin, en-
kephalins, bradykinins, and dynorphin-related peptides
for CD13.2* Some of these are likely products of the
neuroendocrine cell type.?® Loss of CD10 expression

[CD104 _ [CD107b
| |

-022G1
9-022G2
9-022G3
0-061A1
0-061A2
0-061A3
0-061A4
0-061A5
0-061A7
0-061A8
0-061A9
0-061A10
0-061A1
0-061A12
1-003E2
2-03

Figure 8. CD reactivity of lymph node metastases. Sixteen specimens from
four (available) different surgical cases (99-022, 00—061, 01-003, and 02—
032) are listed. As in Figure 5, percentages of cancer showing positive
immunostaining are presented in quartile with each filled box representing
an increment of 25%. Unfilled boxes indicate no staining. The lighter
shaded boxes indicate equivocal staining results. Note that the node pat-
terns of 99-022G1, G2, G3 are similar to that of some tumor cells in the
corresponding prostate, 99—022H1.

was previously reported to be associated with androgen-
independent growth of prostate cancer cells,?® however,
its loss in primary tumors cannot be attributed to andro-
gen. Down-regulation of CD10 might be an early event in
prostate cancer with decreased staining evident in the
presumed premalignant HGPIN,'® and lower CD10 ex-
pression is detectable by DNA array analysis.*?” CD10 is
also down-regulated in some renal cell cancers.?® Smok-
ing reduces CD10 activity of bronchial epithelial cells,
and this might predispose to lung cancer.?® Diminished
CD13 reactivity in prostate cancer was also previously
reported.>® On the other hand, virtually all cancer cells
exhibit intense staining of CD24 compared to luminal
cells. CD24 is a GPIl-anchored glycoprotein in B-cell pro-
liferation and maturation (implying a cell activation func-
tion), and CD24 is also found in breast cancer.®" Though
variable, cancer cells show a weaker staining for CD38.
CD838 acts as an NAD glycohydrolase in T cells, and its
expression is known to be down-regulated in prostate
cancer.®® Low CD38 is also known to parallel a lower
propensity of (hematopoietic) cells to undergo apopto-
sis,®® which is the presumed fate of normal luminal cells.
By inference, prostate cancer cells with lower CD38 are
less responsive to apoptotic signals. Staining for CD57,
CD75s, and CD107b shows little variability, CD75s and



ey
Figure 9. CD90 reactivity of cancer-associated stroma. The stromal fibromuscular cells of the two cancer foci found in specimen 01-178F are stained more
intensely for CD90 than stromal fibromuscular cells of non-cancer tissue. Shown also are the staining results for CD10, CD45, and CD107b. The finding that staining
is not due to infiltrating lymphocytes that are CD90™ is indicated by the low number of CD45-positive cells in the tumor foci. Both tumor and benign glands are
stained for CD107b, tumor cells are negative for CD10. Magnification is X40 except top right, which is X100.

CD107b, in particular, are expressed by nearly all cancer
cell types in primary tumors. CD57 is an natural killer (NK)
cell marker, CD75s functions in intercellular adhesion,3*
and CD107b is a glycosylated lysosome-associated
membrane protein LAMP2 (LAMP1 is CD107a and
LAMP3 is CD63) found in activated lymphocytes and
platelets.®®

In addition to the predominant cancer CD phenotype,
other cancer cell types were found that are CD10™,
CD13™", or CD57". This variance is also reflected in the
different CD phenotypes of prostate cancer cell lines and
xenografts. Are they distinct cancer cell types of different
malignant behavior that contribute to tumor heterogene-
ity? Do they have independent origin or are they related in
cancer progression? Possible lineages based on their
frequencies could be CD107/CD137/CD57" — CcD107/
CD137/CD57*" — CD10"/CD13"/CD57* — CD10"/
CD13%/CD57~ in one; and CD10~/CD137/CD57" —
CD10 /CD13*/CD57* — CD10~/CD13*/CD57 in an-
other. Whether these cell types are in fact related by
lineage remains to be determined. Answers to the above
questions are crucial to the potential application of CD
typing in prostate cancer stratification. Comparative anal-
ysis of cancer cell-type composition between primary
tumors and metastases may therefore be informative.
Whereas the predominant cell type in primary tumors is
CD10™, node metastases in our study invariably con-
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tained CD10™ cancer cells. LNCaP and xenograft LuCaP
35, both established from lymph node metastases, are
typed CD10* ('° and unpublished data). CD10" cells
were detected in one of the corresponding prostates
available for comparative immunohistochemistry (speci-
men 99-022), and it is quite possible that the CD10*
cancer cells could originate from the primary tumor rather
than from clones newly arisen in the nodes. It appears
then that CD10" cancer cells in primary tumors would
indicate a likelihood of node metastasis. The two studies
using tissue microarrays, however, reported no statistical
significant link between CD10 expression and disease
progression,?”®° though a detailed CD expression pat-
tern presented by Zellweger et al®” in a more recent
meeting abstract showed the following: 100% in benign
prostatic hypertrophy (BPH), 65% in prostatic intraepithe-
lial neoplasia (PIN), 35% in localized cancer, 50% in
hormone refractory cancer, and 40% in metastases. In
our series, CD10™" cancer cells were often found in Glea-
son =4 tumors, though not all such tumors examined
contained CD10" cancer cells in agreement with the
other studies. In another recently reported series, there
was generally no CD10 staining in low Gleason grade
tumors but staining in a subset of Gleason pattern 4 and
5 tumors.®® The presence of CD10* cancer cells in
nodes would suggest a role for CD10 in the metastatic
process (although CD10 has been shown to inhibit cell
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migration®°). Indeed, CD10 expression appears to corre-
late with liver metastasis of colorectal adenocarcinoma,
in which tumors with higher CD10 positivity are associ-
ated with metastasis.*® CD10 antigen is also up-regu-
lated in melanoma metastasis. In that study, there were
cases of primary tumors and metastases containing
CD10" cancer cells, and a patient with a CD10~ tumor
who survived for 19 years versus one with a CD10™ tumor
who died within 2 years.*' Our ongoing analysis showed
a high frequency of CD10™ prostate tumors in cases that
failed as indicated by a rising serum PSA level (M.
Dall’Era, Department of Urology, University of Washing-
ton, Seattle, WA, personal communication). Our data,
however, cannot determine if CD10™ cancer cells are
derived from CD10~ cancer cells or from CD10* normal
cells. Besides CD10, other CD molecules may also be
involved in disease progression, CD13™ cancer cells
might also be metastatic because CD13 antiserum can
inhibit invasion of metastatic cells.*? Non-small cell lung
cancer that contains CD13™ cancer cells has a worse
prognosis than that without, or with only CD10™" cells.*®
CL1, a hormone-insensitive, highly tumorigenic cell line
derived from in vitro selection of LNCaP cells in andro-
gen-depleted media,** differs in its CD expression from
LNCaP. While LNCaP is characterized by CD10 positivity,
CL1 is characterized by positivity of CD13 and CD44 with
little of CD10." Although CD13 is a marker of luminal
cells there is a noticeable shift to the expression of basal
markers such as CD44, CD55, and CD104 in the more
aggressive CL1 cells (CD104 in the non-lymph node-
derived PC3 and DU145 cells as shown in Figure 5). This
is in agreement with our previous analysis on the LuCaP
xenografts in intact versus castrated animals.*® In sum-
mary, these observations show that gene expression (of
CD molecules) is modulated variably in cancer progres-
sion as exemplified by CD10. CD10 is present in luminal
secretory cells, absent in cancer cells of primary tumors,
present in cancer cells of lymph nodes, and absent in
androgen-independent cancer cells as reported by Na-
nus and co-workers.?® This illustrates that a gene product
may serve different functions depending on the cell type
in which it is expressed.

In addition, tumor-associated changes were also ob-
served in stromal mesenchyme cells as indicated by the
increased staining for CD90. Among the functions attrib-
uted to CD9O0 are co-stimulation of lymphocytes and in-
hibition of stem cell proliferation and differentiation. Its
cell stimulatory function is similar to that of CD24, expres-
sion of which is increased in the neighboring cancer
epithelial cells. Prostate functioning and homeostasis are
dependent on reciprocal stromal/epithelial interaction.*®
Epithelial development is influenced by stromal cell-de-
rived growth factors, and stromal cells serve as an inter-
mediary in the transmission of androgen-induced stimuli
to epithelial cells.*” It has been experimentally shown that
carcinoma-associated stromal cells differ in their influ-
ence on epithelial cells.*® Therefore, it is not unexpected
that gene expression changes are present in these cells
as well. In cancer foci, the peri-glandular stromal cells are
more fibroblastic than myoid,*® showing a loss of andro-
gen receptor expression®® as well as changes in the

expression of several other genes (such as the loss of the
smooth muscle marker, calponin®?).

CD molecules that are found in all prostate cancer cell
types can in principle be exploited as targets for specific
cell killing. Candidate CD molecules include CD47 (inte-
grin-associated protein IAP), CD63, CD75s, CD107a,
CD107b, CD147 (neurothelin), CD164 (sialomucin), and
CD166 (activated leukocyte cell adhesion molecule AL-
CAM). A therapeutic strategy may entail the generation of
immunotoxins by recombinant DNA techniques of single-
chain antibody variable (scFv) domains coupled to toxin
molecules.®? The toxin-antibody conjugate can be de-
signed in such a way as to target cancer cells that co-
express these CD molecules while sparing normal cells
that do not co-express them.

Note Added in Proof

In a study by Osman | et al [Neutral endopeptidase
protein expression and prognosis in localized prostate
cancer. Clin Cancer Res 2004, 10:4096-4100], complete
loss of CD10 expression was reported to be associated
with PSA relapse. CD10 immunohistochemistry was
scored for primary tumors (but no lymph node metasta-
ses) of 223 patients, represented by an African-American
majority. Since loss of CD10 expression was seen in a
majority of patients, one would expect a correspondingly
large proportion of patients to fail. Perhaps of signifi-
cance in this data set was the increased percentage of
CD10+ tumors in African-American patients: 38.2% CD10
positive to 33.3% for Caucasian patients, 19.8% CD10
heterogeneous to 7.6% for Caucasian patients, and 42%
CD10 negative to 59.1% for Caucasian patients. The
higher positive rate and much lower negative rate for
African-American patients might be used to explain the
worse disease course seen for this patient group (if
CD10+ tumor is associated with poor outcome as sug-
gested by our data).
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