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Abstract

The incidence and mortality rates of prostate cancer are
significantly higher in African-American men when compared
with European-American men. We tested the hypothesis that
differences in tumor biology contribute to this survival health
disparity. Using microarray technology, we obtained gene
expression profiles of primary prostate tumors resected from
33 African-American and 36 European-American patients.
These tumors were matched on clinical variables. We also
evaluated 18 nontumor prostate tissues from seven African-
American and 11 European-American patients. The resulting
datasets were analyzed for expression differences on the gene
and pathway level comparing African-American with Europe-
an-American patients. Our analysis revealed a significant
number of genes, e.g., 162 transcripts at a false-discovery rate
of V5% to be differently expressed between African-American
and European-American patients. Using a disease association
analysis, we identified a common relationship of these
transcripts with autoimmunity and inflammation. These
findings were corroborated on the pathway level with
numerous differently expressed genes clustering in immune
response, stress response, cytokine signaling, and chemotaxis
pathways. Several known metastasis-promoting genes, includ-
ing autocrine mobility factor receptor, chemokine (C-X-C motif)
receptor 4 , and matrix metalloproteinase 9 , were more highly
expressed in tumors from African-Americans than European-
Americans. Furthermore, a two-gene tumor signature that
accurately differentiated between African-American and
European-American patients was identified. This finding was
confirmed in a blinded analysis of a second sample set. In
conclusion, the gene expression profiles of prostate tumors
indicate prominent differences in tumor immunobiology
between African-American and European-American men.
The profiles portray the existence of a distinct tumor
microenvironment in these two patient groups. [Cancer Res
2008;68(3):927–36]

Introduction

Prostate cancer is the most frequently diagnosed malignancy
and the second leading cause of cancer mortality in men older than
40 years in the United States (1). The incidence and mortality rates
of prostate cancer vary substantially among different geographic
areas and ethnic groups (2). Most notably, African-American men
have the highest risk of developing prostate cancer, and due to the
manifestation of a more aggressive disease, they have over twice
the mortality rate of European-American men (3, 4). Whereas
socioeconomic factors contribute to this health disparity (4, 5),
they do not fully explain the differences in prostate cancer
incidence, aggressiveness, and mortality among different race/
ethnic groups in the United States (6, 7).

It has been proposed that differences in tumor biology
contribute to the health disparity associated with prostate cancer
(4). To date, the contribution of genetic factors to the higher
prostate cancer incidence and mortality in African-American men
remains controversial (8, 9). Whereas some studies have investi-
gated race/ethnic differences in prostate cancer tumor biology,
few differences have been identified (10, 11). Recently, the
chromosomal region of 8q24 has been strongly implicated as a
site of prostate cancer susceptibility (12, 13). In these studies, men
of African ancestry were found to carry at-risk alleles at a higher
frequency than men of European ancestry. Those results indicate
that genetic factors may account for some of the excess prostate
cancer risk that African-American men experience when compared
with other race/ethnic groups.

We pursued the hypothesis that the gene expression profiles of
prostate tumors from African-American and European-American
men may reveal biological differences between the two groups
that could explain the more aggressive cancer phenotype in
African-American men. Thus, we performed genome-wide gene
expression profiling in a large set of tumor samples that were
matched on selected clinical variables. The resulting datasets
were analyzed on gene and pathway levels to reveal the differences
in tumor biology between African-American and European-
American patients.

Subjects and Methods

Collection of tissue specimens. A total of 69 fresh-frozen prostate

tumors were obtained from the National Cancer Institute Cooperative

Prostate Cancer Tissue Resource (CPCTR) and the Department of Pathology
at the University of Maryland. All tumors were resected adenocar-

cinomas that had not received any therapy before prostatectomy. The

macrodissected CPCTR tumor specimens (n = 59) were reviewed by a
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CPCTR-associated pathologist, who confirmed the presence of tumor in the

specimens. These tissues were collected between 2002 and 2004 at four

different sites, with each site providing tissues from both African-American

and European-American patients. Information on race/ethnicity (33

African-Americans and 36 European-Americans) was either extracted from

medical records (CPCTR) or obtained through an epidemiologic question-

naire in which race/ethnicity was self-reported (University of Maryland).

Only one patient, a European-American, was also Hispanic. Surrounding

nontumor prostate tissue was collected from 18 of the recruited patients in

this study. Of those, seven were African-American men and 11 were

European-American men. We also isolated total RNA from 10 needle biopsy

specimens collected from patients at the National Naval Medical Center

(one African-American and nine European-Americans) who did not have

prostate cancer. From those, we prepared two RNA pools, each representing

five patients. Clinicopathologic characteristics of the patients, including age

at prostatectomy, histology, Gleason score, pathologic stage, PSA at

diagnosis, tumor size, extraprostatic extension, margin involvement, and

seminal vesicle invasion were obtained from CPCTR. For University of

Maryland cases, this information was extracted from the medical and

pathology records, if available. Written informed consent was obtained from

all donors. Tissue collection and study design were approved by the

institutional review boards of the participating institutions.

Second tumor set for validation. For validation of a two-gene tumor

signature that distinguished between African-American and European-

American prostate cancer patients, we obtained 39 prostate tumor samples

that were collected between 1991 and 1994 (14). The characteristics of this

sample set were not revealed to the authors to assure a fully blinded

analysis. These samples were processed like all other samples in the study.

RNA extraction. Total RNA was isolated using the TRIZOL reagent

according to the manufacturer’s instructions (Invitrogen). RNA integrity for

each sample was confirmed with the Agilent 2100 Bioanalyzer (Agilent

Technologies).

Affymetrix microarrays. RNA labeling and hybridization were

performed according to Affymetrix standard protocols. Briefly, 5 Ag of
total RNA were reverse-transcribed with an oligo (dT) primer that has a

T7 RNA polymerase promoter at the 5¶ end. Second-strand synthesis was

followed by cRNA production with incorporation of biotinylated

ribonucleotides using the BioArray high-yield RNA transcript labeling kit
T3 from Enzo Life Sciences. The labeled cRNA was fragmented and

hybridized to Affymetrix GeneChip HG-U133A 2.0 arrays. This array

contains 22,283 probe sets that represent f13,000 human genes.
Hybridization signals were visualized with phycoerythrin-conjugated

streptavidin (Invitrogen) and scanned using a GeneChip Scanner 3000

7G (Affymetrix). In accordance with Minimum Information About a

Microarray Experiment guidelines, we deposited the CEL files for the
microarray data and additional patient information into the GEO

repository.7 The GEO submission accession number is GSE6956.

Data normalization and statistical analysis. All chips were normalized

using the robust multichip analysis procedure (15). To generate lists of

significantly differently expressed genes, the resulting data set was

subjected to the significance analysis of microarray procedure (16). We

generated gene lists based on both P values from two-sided t tests and

intended false discovery rates (FDR). The FDR calculation followed the

method described by Storey and Tibshirani (17). Prediction analysis for

microarrays (PAM) was used to classify patients as either African-American

or European-American (18). In this analysis, the threshold y was chosen

based on the best compensation for both training error rates and coefficient

of variation error rates. Cross-validation was performed by leaving out 10%

of samples to determine the appropriate threshold variable in PAM.

Pathway and disease association analyses. The pathway analysis was
performed with the in-house WPS software (19). Biological processes and

pathways were annotated according to Gene Ontology Biological Processes

(GOBP; Gene Ontology Consortium8) and the BioCarta pathway collection.9

These two annotation methods are complementary because GOBP uses

substantially more genes for functional annotation than does BioCarta, but

the GOBP terms are not as detailed and well-defined as the pathway

mappings in BioCarta. Our database had 16,762 human genes annotated for

GOBP and 1,429 genes for BioCarta pathways. A one-sided Fisher’s exact test

was used to determine which biological processes and pathways had a

statistically significant enrichment of differently expressed genes. Genes

were included into the pathway analysis based on the FDR (V30%) of their

corresponding probesets on the microarray. If several probesets encoded

the same gene, the software recognized this and assured that the gene was

counted only once for significance testing at the pathway level. In addition,

a permutated P value or FDR for enrichment in a biological process/

pathway was calculated with a permutation method. To calculate the

permutated P value, randomly selected genes were assigned to a biological

process/pathway without changing the total number of genes that were

originally assigned to this pathway, and a P value for enrichment was

calculated. This procedure was iterated 300 times, and the permutated P

value for enrichment was calculated as the fraction of random trials

resulting in a Fisher’s exact test P value less than the original Fisher’s exact

P value without the permutations. We then compiled the Fisher’s exact test

results for cluster analyses and displayed the results in color-coded heat

maps to reveal the patterns of significantly altered biological processes and

pathways. The color coding of the heat maps is related to the enrichment of

genes in a pathway [�log(P value)–based] with red indicating a higher

enrichment.

The disease association analysis was conducted using both our WPS

software and information provided by the genetic association database (20).

The WPS software assessed whether differently expressed genes (FDR,

V30%) between prostate tumors from African-American and European-

American patients had previously been associated with other diseases, as

indicated by the genetic association database, and whether these disease-

associated genes, e.g., systemic lupus erythematosus genes, were statistically

significantly enriched in the prostate tumor gene signature using the one-

sided Fisher’s exact test. In addition, we calculated a permutated P value or

FDR for disease association of the differently expressed genes. The

permutated P value was calculated following the procedures described in

the previous paragraph. The color coding of the heat map that displays the

results of the disease association analysis is related to the enrichment of

disease genes [�log(P value)–based], e.g., systemic lupus erythematosus

genes, among the differently expressed genes between prostate tumors from

African-American and European-American patients.

Quantitative real-time PCR. One hundred nanograms of total RNA

were reverse-transcribed using the high-capacity cDNA archive kit (Applied

Biosystems). Quantitative real-time PCR (qRT-PCR) was subsequently

performed in triplicate using TaqMan Gene Expression Assays (Applied

Biosystems), which include preoptimized probe and primer sets specific for

the genes being validated. The assay ID numbers of the validated genes are

as follows: phosphoserine phosphatase homologue (PSPHL ) ,

Hs00863464_m1; matrix metallopeptidase 9 (MMP9 ), Hs00234579_m1;

autocrine mobility factor receptor (AMFR), Hs00181609_m1; and chemo-

kine (C-X-C motif) receptor 4 (CXCR4), Hs00607978_s1. Data were collected

using the ABI PRISM 7500 sequence detection system. The 18s RNA was

used as the internal standard reference. Normalized expression was

calculated using the comparative C t method as described, and fold changes

were derived from the 2�DDC t values for each gene (21). Graphs were

prepared using relative C t values that were calculated by subtracting the 18s

C t values from the corresponding C t values for the gene being measured.

For illustration purposes only, an arbitrary value of 20 was uniformly added

to all relative C t values. The statistical analysis of these data was performed

with a two-sided t test if the expression data showed normal distribution or

7 http://www.ncbi.nlm.nih.gov/geo/

8 http://www.geneontology.org
9 http://www.biocarta.com/genes/allPathways.asp
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with a two-sided Wilcoxon rank-sum test if the expression data did not
follow normal distribution.

Results

Tumor selection and gene expression analysis. Prostate
tumors were collected from 33 African-American and 36 Europe-
an-American patients with localized disease. Tumor samples were
similar for age at prostatectomy, pathologic stage of the disease,
and Gleason score between the African-American and European-
American patients (Table 1). African-American patients tended to
have higher occurrence of seminal vesicle invasion than European-
American patients, which is consistent with the literature (22).

Gene expression profiles from the African-American and
European-American prostate tumors were generated using the
Affymetrix GeneChip HG-U133A 2.0 array that represents f13,000
human genes. In addition, 18 nontumor tissues and two RNA pools
from cancer-free prostates were used for genetic comparisons. In
an initial analysis of our dataset, we generated the gene expression
profiles from tumor and nontumor tissues using the combined
dataset (69 tumors and 20 nontumor samples) and obtained the
gene signature that differentiated tumor and nontumor tissues. For
cross-validation of our dataset, we compared these results with
those from a published meta-analysis of four prostate cancer gene
expression datasets (23). Despite the use of different technology
platforms, we found a very good agreement between our results
and the results of the meta-analysis. Of the top 40 overexpressed
genes in prostate tumors across the meta-analysis, 21 were also
found to be significantly up-regulated (FDR, V5%) in our study. Of
the top 40 underexpressed genes in prostate tumors across the

meta-analysis, six were significantly down-regulated (FDR, V5%) in
our study (Supplementary Table S1). Specifically, previously
validated marker genes for prostate tumors, such as the genes
encoding a-methylacyl-CoA racemase, hepsin, and fatty acid
synthase, were highly up-regulated in the tumors of our dataset.
Signature tumor genes of other studies, such as MUC1 and HOXC6
(24, 25), were also found be overexpressed in these tumors.

The comparison of gene expression profiles from African-
American and European-American tumors revealed 162 tran-
scripts, 280 transcripts, and 489 transcripts, to be differently
expressed between the two groups at FDRs of V5%, V 10%, and
V 30%, respectively (Supplementary Table S2). We compared this
gene list with the list of genes that were described to be differently
expressed between tumor and nontumor tissue in the aforemen-
tioned meta-analysis (23). Of the top 80 tumor genes in the meta-
analysis, none was found to be differently expressed between
African-American patients and European-American patients at the
FDR of V5% threshold. Only one of those 80 genes, the gene
encoding fibrillin 1, was differently expressed at a less stringent
FDR of V30%. These data suggest that previously identified marker
genes for prostate cancer do not significantly differ between
African-American and European-American prostate tumors.
Disease and pathway association of transcripts that are

differently expressed by race/ethnicity. Bioinformatics enables
us to determine common associations between a gene list and
disease classes and pathways. We used our in-house software (19)
to assess disease and pathway associations of genes that were
differently expressed in tumors by race/ethnicity. The disease
association analysis revealed associations of these genes with

Table 1. Clinical characteristics of the study population

All cases (n = 69) African-American

(n = 33)

European-American

(n = 36)

P* (t test)

Age at prostatectomy [median (range)] n = 69 60 (44–73) 61 (46–72) 60 (44–73) 0.77

PSA at diagnosis [median (range)] n = 50
c

6.1 (1.3–47.7) 6.1 (1.3–47.7) 6.1 (4.0–20.0) 0.23

Largest nodule (g) [median (range)] n = 59
c

1.6 (0.2–2.9) 1.5 (0.8–2.9) 1.6 (0.2–2.8) 0.97

N (%) N (%) N (%) P (Fisher’s exact test)

Source of tissue
National Cancer Institute CPCTR, n (%) 59 (86) 30 (90) 29 (81) 0.31

University of Maryland, n (%) 10 (14) 3 (10) 7 (19)

Pathologic stage
pT2, n (%) 38 (55) 18 (55) 20 (55) 1.0

zpT3
b

, n (%) 31 (44) 15 (45) 16 (42)

Gleason sum score

<7 (5–6), n (%) 18 (26) 9 (27) 9 (25) 1.0
z7 (7–9), n (%) 51 (74) 24 (73) 27 (75)

Seminal vesicle invasion
c

No, n (%) 49 (83) 22 (73) 27 (93) 0.08

Yes, n (%) 10 (17) 8 (27) 2 (7)
Surgical margin status

c

Negative, n (%) 35 (59) 18 (60) 17 (59) 1.0

Positive, n (%) 24 (41) 12 (40) 12 (41)

*P value for the difference between African-Americans and European-Americans. All tests were two-sided.
cCases with unknown status are not included.
bOne European-American patient was staged pT4.
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genetic pathways that are linked to autoimmune diseases, allergies,
and inflammatory diseases (Supplementary Fig. S1). The enrich-
ment of disease genes among the differently expressed genes
was statistically significant, e.g., inflammatory urogenital disease
genes (permutated P < 0.001), skin-prick test genes (permutated
P = 0.003), systemic lupus erythematosus genes (permutated
P = 0.006), and asthma (permutated P = 0.01). Autoimmune
disease modulators, such as PTPN22 and components of the
HLA complex, and key genes in antigen presentation, such as
TAP1 and TAP2 , were higher expressed in African-American tumors.
In contrast, genes differently expressed between tumor and non-
tumor tissue, and between tumors with high and low Gleason sum
score, showed common associations with other epithelial cancers
as one may expect (Supplementary Fig. S1).

These observations were further corroborated by pathway
analyses using GO biological processes and BioCarta annotations.

Differently expressed genes between tumors of African-Americans
and European-Americans clustered uniquely in GO biological
processes (Fig. 1) and BioCarta pathways (Supplementary Fig. S2)
that are associated with immune response, defense response,
antigen presentation, B-cell/T-cell function, cytokine signaling,
chemotaxis, and inflammatory response. The clustering of genes
in these biological processes was highly significant (Table 2), and
immune response genes were enriched at the P < 1.0 � 10�30

significance level. The enrichment of differently expressed genes in
the 20 highest-ranked GOBP terms (Table 2) had a low FDR (<1% for
each term). Most commonly, the involved genes were more highly
expressed in tumors of African-American patients when compared
with those of European-American patients, as detailed by an
example for the immune response biological process (Supplemen-
tary Table S3). An analogue analysis of nontumor tissue did not
generate these biological process/pathway associations, suggesting

Figure 1. GOBP terms that are uniquely
enriched for differently expressed
genes comparing prostate tumors from
African-Americans (AA ; n = 33) with tumors
from European-Americans (EA ; n = 36). For
comparison, we also show the contrast of tumor
(n = 69) versus nontumor (n = 20) and the
contrast of high (n = 51) versus low (n = 18)
Gleason sum score. Gleason sum score was
dichotomized into high (having a sum score
of 7–9) and low (having a sum score of 5–6).
The results of our analysis are displayed by a
heat map with the red color indicating an
enrichment of differently expressed genes in a
GOBP term.
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that this gene signature is derived from the tumor microenviron-
ment (Supplementary Fig. S3).
Differences in expression of metastasis-related genes. Next,

we directed our attention to specific genes that were most
significantly differently expressed in prostate tumors ( fold change,
z1.5; FDR, V5%) comparing African-American with European-
American patients. This list included 47 genes (Table 3). The two
genes that had the greatest expression differences were PSPHL
(4.64-fold; P = 1.0 � 10�11), a homologue of a putative
phosphoserine phosphatase (26), and CRYBB2 (3.02-fold; P = 1.3
� 10�11). The list also contained a number of genes that encode
chemokines and chemokine receptors. Several of those, including
the genes encoding CXCR4 and chemokine receptor 7 (CCR7),
have been previously linked to cancer metastasis (27, 28). These
and other metastasis-associated genes, e.g., AMFR and MMP9 ,
were more highly expressed in tumors of African-American
patients than those of European-Americans (Table 3). Three
metastasis-associated genes were chosen for validation via qRT-
PCR. Consistent with the microarray data, we found a higher
expression of AMFR (1.5-fold), CXCR4 (1.8-fold), and MMP9 (2.0-
fold) in primary tumors of African-Americans (Fig. 2) when
compared with the tumors from European-Americans.

Further analyses were performed to determine the expression
of these genes in tumor and surrounding nontumor tissue. The
data showed that CXCR4 was differently expressed between
tumor and surrounding nontumor tissue in African-Americans,
but not in European-Americans (Supplementary Table S4). None
of the other genes followed this pattern. Instead, these genes

seemed to be higher expressed in both tumor and surrounding
nontumor tissue of African-American patients when compared
with the European-American patients (Supplementary Table S4).
Additional pathway analysis reiterated the potential significance
of CXCR4 in prostate cancer biology among the African-American
patients. That analysis identified the CXCR4 pathway as the
highest-ranked pathway with the most significant enrichment of
differently expressed genes comparing tumor with surrounding
nontumor tissue among the African-American patients (Supple-
mentary Table S5).
A two-gene predictor is associated with race/ethnicity. We

interrogated our datasets for genes that can differentiate between
African-Americans and European-Americans using the gene
expression profile of prostate tumors and surrounding nontumor
tissue. We identified a two-gene signature that accurately differen-
tiated between these two groups. These two genes were PSPHL
(probeset 205048_s_at) and CRYBB2 (probeset 206777_s_at). Based
on the expression of these two genes in prostate tumors, PAM
classified correctly 30 of 33 African-Americans (91%) and 34 of 36
European-Americans (94%). We could not obtain this accuracy
with the two-gene signature using the gene expression profile of
the nontumor tissue. To achieve similar prediction accuracy (86%
for African-Americans and 100% for European-Americans) with the
gene expression profile of nontumor tissue, a classifier consisting
of 19 probesets was required (data not shown). We confirmed
the ability of PSPHL and CRYBB2 expression levels to predict
race using a blinded analysis of 39 additional tumors (14). The two-
gene classifier correctly predicted 30 of 34 African-Americans

Table 2. Twenty highest-ranked GOBP terms enriched for differently expressed genes comparing tumors from African-
American and European-American patients

GOBP term Term hits* All genes
c

Annotated genes for term
b

All annotated genesx P (Fisher’s exact test)

Immune response 66 217 944 16,762 5.66E-31
Defense response 68 217 1,045 16,762 4.38E-30

Response to biotic stimulus 70 217 1,190 16,762 2.44e�28

Organismal physiologic process 74 217 2,111 16,762 1.46e�16
Response to stimulus 77 217 2,281 16,762 2.23e�16

Response to pest/pathogen or parasite 27 217 472 16,762 9.70e�11

Humoral immune response 16 217 162 16,762 3.38e�10

Response to external biotic stimulus 27 217 502 16,762 3.83e�10
Humoral defense mechanism 13 217 114 16,762 2.75e�09

Response to stress 34 217 929 16,762 3.76e�08

Antigen processing 8 217 45 16,762 9.90e�08

Antigen processing via MHC class I 5 217 14 16,762 6.32e�07
Antigen presentation 7 217 44 16,762 1.41e�06

Antimicrobial humoral response 9 217 85 16,762 1.52e�06

Antimicrobial humoral response 9 217 88 16,762 2.04e�06
Antigen presentation 4 217 13 16,762 1.78e�05

Cellular defense response 8 217 93 16,762 2.75e�05

Signal transduction 67 217 3,465 16,762 2.40e�04

Cell communication 77 217 4,177 16,762 3.11e�04
Apoptosis 16 217 458 16,762 3.20e�04

*Annotated genes in a GOBP term that are differently expressed (FDR, V30%) comparing tumors from African-American with those from European-

American.
cAll GOBP-annotated genes that are differently expressed in this comparison.
bAll annotated genes in a GOBP term.
xAll GOBP-annotated genes.
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Table 3. Most differently expressed tumor genes by race/ethnicity

Genes higher expressed in prostate tumors of African-American patients (at least 1.5-fold)

No. Gene symbol Genbank ID Gene title Fold change*

1 ADAMDEC1 NM_014479 ADAM-like, decysin 1 1.81

2 AMFR NM_001144 Autocrine motility factor receptor 1.9

3 APOLD1 NM_030817 Apolipoprotein L domain containing 1 1.56

4 BRDG1 NM_012108 BCR downstream signaling 1 2.06
5 C1orf38 AB035482 Chromosome 1 open reading frame 38 1.58

C1orf38 NM_004848 Chromosome 1 open reading frame 38 1.51

6 C8orf4 NM_020130 Chromosome 8 open reading frame 4 1.71
7 CCL5 M21121 Chemokine (C-C motif) ligand 5 1.61

CCL5 NM_002985 Chemokine (C-C motif) ligand 5 1.51

8 CCR7 NM_001838 Chemokine (C-C motif) receptor 7 1.66

9 CD52 N90866 CD52 molecule 1.7
10 CRYBB2 NM_000496 crystallin, h B2 3.02

11 CXCR4 AJ224869 Chemokine (C-X-C motif) receptor 4 1.72

CXCR4 AF348491 Chemokine (C-X-C motif) receptor 4 1.66

CXCR4 L01639 Chemokine (C-X-C motif) receptor 4 1.65
12 DNAJC15 NM_013238 DnaJ (Hsp40) homologue, subfamily C 1.64

13 DUSP2 NM_004418 Dual specificity phosphatase 2 1.53

14 EBI2 NM_004951 EBV-induced gene 2 1.56
15 GZMA NM_006144 Granzyme A 1.63

16 IFI44L NM_006820 IFN-induced protein 44-like 1.63

17 IGH M87789 Immunoglobulin heavy locus 1.78

18 IGHM BC001872 Immunoglobulin heavy constant mu 2.37
19 IGJ AV733266 Immunoglobulin J polypeptide 2.02

20 IGKC L14458 Immunoglobulin n constant 1.88

IGKC BG485135 Immunoglobulin n constant 1.67

IGKC M63438 Immunoglobulin n constant 1.6
IGKC BC005332 Immunoglobulin n constant 1.59

21 IGKV1D-13 AW408194 Immunoglobulin n variable 1D-13 1.73

22 IGL M87790 Immunoglobulin E locus 1.82

IGL X57812 Immunoglobulin E locus 1.81
IGL AA680302 Immunoglobulin E locus 1.74

IGL AV698647 Immunoglobulin E locus 1.67

23 IL7R NM_002185 Interleukin 7 receptor 1.61
24 INDO M34455 Indoleamine-pyrrole 2,3 dioxygenase 1.64

25 ISG15 NM_005101 ISG15 ubiquitin-like modifier 1.6

26 ITK D13720 IL2-inducible T-cell kinase 1.76

27 LOC283970 AI925734 Hypothetical protein LOC283970 1.53
28 LOC339562 M20812 Similar to Ign chain V-I region

Walker precursor

1.64

LOC651629 AW404894 Similar to Ign chain V-I region

Walker precursor

1.91

LOC652745 AJ408433 Similar to Ign chain V-I region Walker precursor 2.12

29 LOC96610 X79782 Hypothetical protein similar to KIAA0187 1.57

30 LYZ AV711904 Lysozyme (renal amyloidosis) 1.61
31 MMP9 NM_004994 Matrix metallopeptidase 9 1.86

32 PI15 NM_015886 Peptidase inhibitor 15 1.63

33 PSCDBP L06633 Pleckstrin homology, Sec7 1.87

34 PSPHL NM_003832 Phosphoserine phosphatase-like 4.64
35 PTPRC NM_002838 Protein tyrosine phosphatase, receptor type, C 1.6

36 RASA4 AB011110 RAS p21 protein activator 4 1.5

37 SF1 D26121 Splicing factor 1 2.17

38 STAT1 BC002704 Signal transducer and activator of transcription 1 1.71
STAT1 M97935_MB Signal transducer and activator of transcription 1 1.51

39 TRBV19 M15564 T-cell receptor h variable 19 1.64

TRBV19 AL559122 T-cell receptor h variable 19 1.57
40 TRBV21-1 AF043179 T-cell receptor h variable 21-1 1.58

(Continued on the following page)

Cancer Research

Cancer Res 2008; 68: (3). February 1, 2008 932 www.aacrjournals.org



(88%) and 5 of 5 patients from Italy into the European-American
category (100%).

Because the microarray data indicated a greater heterogeneity of
PSPHL expression in nontumor tissue than tumor tissue, we
performed qRT-PCR validation of the PSPHL expression data
(Fig. 3). qRT-PCR results revealed a bimodal distribution of the
PSPHL expression in prostate tumors resulting in a 160-fold
difference in gene expression between African-American and
European-American patients. In the surrounding nontumor tissue,
this difference was 38-fold. Furthermore, PSPHL was found to be
up-regulated 84-fold in tumors of African-Americans when
compared with the surrounding nontumor tissues from this
population. These fold change values should be considered
estimates. Because of the low expression of PSPHL in prostate
tissue from European-Americans, accurate determination of PSPHL
baseline expression was difficult. Nevertheless, the qRT-PCR results
unequivocally validated the microarray data by showing that
PSPHL is significantly higher expressed in tumors of African-
Americans than in those of European-Americans.

Discussion

The causes of the prostate cancer health disparity that exists
between African-American and European-American men remain to
be fully elucidated. Much of the research on this disparity has
focused on socioeconomic factors. To date, very few studies have
examined differences in tumor biology despite suggestive clinical
evidence that they exist.

We analyzed the gene expression profiles of 69 tumors from
33 African-American and 36 European-American patients. Highly
significant differences in the expression of genes related to
immunobiology within the tumor microenvironment were iden-
tified between these two groups. This interpretation was
supported by both disease association and pathway analyses.
Most of the immune-related genes were higher expressed in
tumors from African-American patients than in those from
European-American patients. Although preliminary, these findings
are novel and could have implications for cancer therapy. Clinical
trials of immunotherapy for prostate cancer have been conducted

(29), and these therapies may enter clinical practice in the near
future. Our data suggest that African-American patients and
European-American patients might respond differently to these
types of therapy.

We observed that previously recognized diagnostic and prog-
nostic marker genes for prostate tumors (23–25) were not
significantly differently expressed by race/ethnicity. The findings
suggest that the most common alterations in gene expression in
prostate carcinogenesis do not develop any differently in African-
Americans than in European-Americans. This result corroborates
published data that showed a similar pattern of chromosomal
alterations in prostate tumors of African-American and European-
American men (8).

Several metastasis-associated genes were found to be more
highly expressed in tumors of African-American patients when
compared with European-American patients. This group of genes
contained AMFR, CXCR4, CCR7 , and MMP9 , among others. To
the best of our knowledge, none of those genes have been
previously recognized as a prostate cancer marker gene by
examination of gene expression profiles. Unfortunately, most
previous gene expression profiling studies do not disclose the
race/ethnic make up of the patients when describing the sample
sets used (30–33). It is likely that the majority of the studied
tumors were obtained from European-American patients. Thus,
genes that are dysregulated in prostate tumors of African-
American patients may have been overlooked until now. However,
multiple studies have shown that both CXCR4 and MMP9 are
key metastasis regulators in prostate cancer (27, 34–37), and both
genes are linked through a common pathway (38). The causal role
of CXRC4 and also CCR7 in cancer metastasis is well demonstrated
(39–41), and therapeutic approaches to target these receptors are
being developed (42).

From the present study, we do not know why prostate tumors
from African-American patients would have a different immuno-
logic profile than tumors from European-American patients. We
hypothesize that the causes of these differences are multifactorial.
The nature of the differently expressed transcripts indicates the
involvement of various cell types in the generation of the gene
signature, e.g., B cells, T cells, and tumor-infiltrating macrophages.

Genes lower expressed in prostate tumors of African-American patients (0.7-fold or less)

No. Gene symbol Genbank ID Gene title Fold change

1 ADRB1 NM_000684 Adrenergic receptor, h-1 0.63

2 ARL17P1 AF119889 ADP-ribosylation factor-like 17 pseudogene 1 0.67
3 EIF2S3 NM_001415 Eukaryotic translation initiation factor 2 0.65

4 LGALS8 AF342815 Lectin, galactoside-binding, soluble, 8 0.7

LGALS8 AF342816 Lectin, galactoside-binding, soluble, 8 0.58

5 PLGLB2 BC005379 Plasminogen-like B2 0.66
6 SMA3 NM_006780 SMA3 0.7

SMA3 X83301 SMA3 0.61

7 ZNF654 NM_018293 Zinc finger protein 654 0.7

NOTE: FDR V 5% for all genes in the list.

*Fold change for annotated probesets with European-American patients as the reference.

Table 3. Most differently expressed tumor genes by race/ethnicity (Cont’d)

Prostate Cancer Gene Signature in African-American Men

www.aacrjournals.org 933 Cancer Res 2008; 68: (3). February 1, 2008



An association of those cells with inflammation in prostate
carcinogenesis has been recognized (43). To investigate the
contribution from B-cell and T-cell infiltration, we evaluated
B-cell and T-cell density of 48 prostate tumors (23 African-
American and 25 European-American) in a pilot study. No

significant difference in tumor B-cell and T-cell infiltration was
found between the two race/ethnic groups (data not shown). These
preliminary data argue that the infiltrating B-cell and T-cell
populations could be functionally different in the African-American
and European-American tumors. Possible causes contributing to
the different immunologic profiles could be environmental factors,
e.g., infections, genetic factors, e.g., genetic variations in immune
regulatory genes, or the interactions of both. There is evidence that
infectious diseases are associated with prostate carcinogenesis
(43, 44), and two genes involved in innate immunity, MSR1 and
RNASEL , are candidate susceptibility genes for prostate cancer
(45, 46). Notably, the gene signature that was generated in this
study comparing prostate tumors from African-American and
European-American men revealed many up-regulated IFN-related
genes in the African-American prostate tumors. This distinctive
signature could be indicative of a possible viral involvement in this
African-American population.

Chronic inflammation is also thought to be a causative factor in
prostate carcinogenesis (43, 47). Studies have suggested that
inflammation is more prevalent in nontumor prostate biopsy
specimens from African-American men when compared with
European-American men (48). Other investigations have shown
that an immune response signature in the liver of cancer patients
predicts metastasis and recurrence of hepatocellular carcinoma
(49). Thus, future studies should evaluate whether the immunologic
profile of prostate tumors in African-American men is a predis-
posing factor for tumor progression and metastasis.

Our investigations identified a two-gene tumor signature that
accurately differentiated between African-American and European-
American patients. Little is known about the functions of the two
genes, PSPHL and CRYBB2 , in this classifier. PSPHL was first
isolated from Fanconi anemia fibroblasts in a genetic screen and
was identified as a homologue of a putative phosphoserine

Figure 2. qRT-PCR expression analysis of AMFR (A), CXCR4 (B), and MMP9
(C) in prostate tumors of African-Americans and European-Americans. Points,
relative C t values for the individual samples; bars, median value for the
sample set. The genes are significantly higher expressed in African-American
patients than in European-American patients; fold change = 1.52, P = 0.033
(two-sided t test) for AMFR ; fold change = 1.75, P = 0.027 (two-sided t test)
for CXCR4 ; fold change = 2.00, P = 0.044 (two-sided Wilcoxon rank-sum test)
for MMP9. Graphs were prepared using relative C t values that were calculated
by subtracting the 18s C t values from the corresponding C t values for the
gene being measured (see Subjects and Methods). Fold changes were derived
from the 2�DDC t values for each gene. Figure 3. qRT-PCR expression analysis of PSPHL in prostate tumors (T ) and

surrounding nontumor tissue (N) of African-Americans and European-Americans.
Points, relative C t-values for the individual samples; bars, median value for the
sample set. PSPHL is significantly higher expressed in surrounding nontumor
tissue (fold change = 38, P = 0.012; two-sided Wilcoxon rank-sum test) and
tumor tissue (fold change = 160, P < 0.001; two-sided Wilcoxon rank-sum test) of
African-American patients when compared with European-American patients.
Graphs were prepared using relative C t values that were calculated by
subtracting the 18s C t values from the corresponding C t values for the gene
being measured (see Subjects and Methods). Fold changes were derived from
the 2�DDC t values for each gene.
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phosphatase (26). Interestingly, PSPHL is located on chromosome
7q11.2, a chromosomal region known to have gain of function
related to advanced tumor stage in prostate cancer (50). Despite
its chromosomal location, there are no studies linking PSPHL
expression to cancer progression. Our data also showed that
PSPHL is higher expressed in prostate tumors than the surrounding
nontumor tissue. Thus, the possible role of PSPHL in contributing
to prostate cancer susceptibility will have to be tested in future
studies.

Whole-genome gene expression analysis experiments are prone
to findings that are either unique to a selected patient population
or are artificially created by the applied technology. To exclude the
possibility of an artifact, three approaches were used to cross-
validate our gene expression data. First, we compared our results of
the differently expressed genes between tumor and surrounding
nontumor tissue with those of other studies and found very good
agreement (23–25, 33). Second, we validated the expression of
several key genes via qRT-PCR and confirmed that these genes are
higher expressed in tumors from African-Americans than from
European-Americans. Lastly, we used prediction analysis on a
blinded dataset and corroborated that a two-gene signature can

distinguish between African-American patients and European-
American patients. Despite all of the cross-validation approaches
used to strengthen our results, we recognize that the findings of the
current study are preliminary and will have to be further
investigated, including the immunohistochemical analysis of larger
sample sets.

In conclusion, the gene expression profile of prostate tumors
corresponds to differences in tumor biology between African-
American and European-American men. The implications of those
differences in disease aggressiveness and response to therapy
should be evaluated in future studies.
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