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1. Introduction

Metabolic changes have been recognized as a hallmark of cancer, which include dysregulation of serine
metabolism. In general, extracellular serine alone that enters cells via amino acid transporters is sufficient
to meet the needs of tumor cell proliferation. However, some tumor cells can increase de novo serine
synthesis through glycolysis intermediates even when sufficient extracellular serine is supplied. Actively
synthesized serine is utilized for promoting nucleotide synthesis, redox homeostasis, amino acid transport,
and folic acid metabolism, thereby enhancing tumor cell proliferation.

Kinseth et al. examined the differences in gene expression between AA and EA PCa by matching for age
and pathological stage or Gleason scores as well as tumor-cell content and stroma-cell content. Striking
differences in gene expression were observed in the stroma of AA patients relative to EA: 1016 genes with
significant differences between the expression of EA and AA patients were observed. The vast majority
(82%) of significant differences were downregulated. In this study, components of extracellular matrix
(ECM), mediators of cellular immunity, mediators of the epithelial-to-mesenchymal transition (EMT), and L-
3-phosphoserine phosphatase (PSPH) were the top differentially expressed genes in the stroma of AA
compared to EA men. PSPH was previously described as a gene expression biomarker in tumor tissues for
identifying prostate, breast, endometrial, and colorectal cancers specifically in AAs.  However, our study
was the first to show overexpression of the PSPH gene in the cancer stroma of AA patients compared to
EAs.

Therefore, in this study, we aim to understand the biological functions of PSPH and its regulatory 
mechanisms in the stroma of AA versus EA PCa using primary cultures of carcinoma-associated 
fibroblasts (CAFs) and tissue recombination model in the sub-renal capsule of SCID mice. 

2. Keywords

PSPH, prostate cancer disparity, TGF-beta, carcinoma-associated fibroblasts, distant carcinoma-
associated fibroblasts, normal associated fibroblasts.

3. Accomplishments

Aim 1: determine the differential ability of AA CAFs vs. EA CAFs to transform BPH-1 cells and the normal
mouse prostate into tumorigenic products

Major Task 1: Establishment of primary CAFs and distant CAFs culture from prostatectomy specimens of
both AA and EA prostate cancer patients.

In order to obtain more appropriate controls, an additional 3 normal-associated fibroblasts (NAFs, 2 EAs
and 1 AAs) were also developed from the tumor-free prostate of cystoprostatectomy specimens of EA
patients during the past year.

In addition, 6 AA CAFs (out of 9 AA patients) and 20 EA CAFs (out of 24 EA patients) and their
matched dCAFs were developed during the past year.  All the CAFs were validated for the origin of CAFS
derived from the near stroma of prostate cancer through pathological examination.

RNA sequencing of gene expression profiles of these AA and EA CAFs lines, as well as NAFs lines are in
progress.



Major Task 2: Sub-Renal capsule recombination xenograft assay. 

We have continued our effects on evaluating the tumor initiation and growth of xenografts of nontumorigenic 
BPH-1 cells using two different lines of patient-derived AA CAFs and two lines of EA CAFs. Each of the four 
lineages was implanted under the kidney capsule of 5 adult male severe combined immunodeficiency (SCID) 
mice each. The initiation and growth of the xenografts was followed by in vivo magnetic resonance imaging 
(MRI) imaging at the UCI OncoImaging Core using a T9.4 Brunker small animal. More pairs of CAF/BPH-1 
recombination is also in progress.  

Major Task 3: Prostate orthotopic xenograft experiment 

Pairs of AA and EA CAFs have been injected into the prostate of the NOD/SCID mice. Experiments are in 
progress to monitor tumor growth in the prostate.  

Specific Aim 2: determine the impact of the enzymatic activity or expression of PSPH and high serine 
production in in vivo tumor growth. 

Major Task 4: Whether PSPH expression and activity affect the CAFs mediated tumorigenic transformation or 
tumor growth? 

CAFs with stable overexpression of PSPH and stable suppression of PSPH, and MDA-PCa 2b with stable 
suppression have been made and further characterization for growth and activities is in progress. After 
characterization, tissue recombination experiments will be performed.  

Specific Aim 3: determine the combined effects of docetaxel and TGF- beta inhibitor on the growth of MDA-
PCa 2b/CAFs recombination 

Major Task 5: Evaluation of in vivo anticancer efficacy of docetaxel in combination with TGF-beta inhibitor. 
• Establish orthotopic xenograft models of AA CAFs and MDA-PCa2 cells.
• Randomizing into different treatment groups.
• MRI monitoring tumor growth
• Histology analysis of xenograft tumors.
• Evaluating the effect of the TGF beta inhibitor and /or docetaxel on collagen disposition and expression of
biomarkers
• Statistical analysis

Experimental results. 

1. The identification of differentially expressed genes (DEGs) in PSPH overexpressing PSH-tert-AR+ vs.
control PSH-tert-AR+  cells. We have obtained the immortalized fibroblast cells with androgen receptor (AR) 
expression (PSH-tert-AR+ cells) from benign prostate tissues from Dr. Peng Lee (New York University). Then, 
we stably overexpressed PSPH in PSH-tert-AR+ cells. In the previous annual report, we have shown that 
PSPH overexpression or amplification in primary prostate tumor tissues is associated with alterations in 
metabolism and immunity. Here, we have performed a systematic transcriptome analysis of immortalized 
prostate stroma cells with PSPH overexpression. The results identified DEGs related to 1) metabolisms, 
including ABCA8 and ATAD3C for cholesterol metabolism, GALC, Dct, IGSF1, and SNX19; 2) immunity, 
including some interferon-stimulated gene (ISG), such as  SHFL, IFITM1, IRF7, etc. antigen-related genes 
(SP140L MAGEA11, CT55, MAL2, and MAGE-A3), CXCL12, CXCL8, etc. 3) Ion channels related genes, such 
as CFTR, KCND2 STAC3, KCNE1, GRIN1 etc. 4) NOTCH signaling, such as DTX3, HES1 and HES5; 5) Zinc 
Finger proteins, including ZNF331, ZNF595, ZIK1 etc. There are some significant similarities in DEGs between 
PSPH overexpressing cell line and prostate cancer tumor samples. (Figure 1).  



. 
2. DEGs are associated with PSPH suppression in prostate cancer cell lines derived from AA (MDA-PCa 2b)

and EA (LNCaP) and patients. We next examined how the suppression of PSPH expression in prostate cancer

Figure 1. RNA-seq analysis of PSPH overexpressing prostate stromal cells. A) The top list of differentially down-regulated 

genes by PSPH overexpression in immortalized benign prostate fibroblasts (n = 4). B) Volcano plot of significant differentially 

expressed genes. C) The top list of differentially up-regulated genes by PSPH overexpression in immortalized benign prostate 

fibroblasts (n = 4). 

Figure 2. RNA-seq analysis of PSPH suppression in MDA-PCa 2b cells derived from AA prostate cancer. A) The top list of 

differentially up-regulated by PSPH suppression,  B) Heatmap of DEGs between PSPH shRNAs (green, n = 4) and shRNA 

controls (yellow, n=4). The hierarchical clustering of DEGs is shown (absolute fold change > 2; FDR P ≤ 0.01). C) Volcano plot 

of significant DEGs. C) The top list of differentially down-regulated genes by PSPH suppression. 



cell lines regulate global gene expression profiling. Figure 2 shows the statistically significant DEGs, including 
1) Metabolism-related genes, such as PLA1A, GPRC5C, DNAJB3, HGFAC, HBA1, STARD4, UGT2B4
UGT1A3 UGT1A8, B3GNT6, CPS1, PRLR, BMX, etc. 2) Immunity related genes, such as tumor antigens
(XAGE1A X, CTAG1A, MAGEA4, CTAG2), novel immune targets (CD70, TOX2 and PTPN22), chemokines
(CXCL12). 3) Extracellular matrix remodeling, such as FMOD, ADAM3A, FBN2, MMP27, P3H2, BGN, RELN,
etc. 4) Ion channels and regulation-regulated genes, such as KCNJ3, S100A16, etc.

The statistically significant DEGs of PSPH-suppressed LNCaP cells also contain 1) Metabolism-related genes, 
such as MAT1A, SULT1C4, ADRA1A, ADRA1D, LRAT, A3GALT2, ACSS3, AGMAT, etc. 2) Immunity related 
genes, such as tumor antigens (CTAG2, MAGEA6, MAGEA12, MAGEA11), and others VPREB3, SAMD9L, 
BTBD17, TLR3, C3, IL9R_1), 3) Cell migration and extracellular matrix remodelling, such as ID2-AS1, 
HAPLN4, FSBP, etc.(Figure 3).  

The highly enriched pathways by PSPH shRNA knockdown in LNCaP cells are sex steroid biosynthesis, 
cholesterol biosynthesis, ncRNA processing, purine nucleoside metabolic process, and secondary alcohol 
biosynthetic process (Figure 3B).  These results are consistent with our previous analyses with the data from 
RNA seq analysis of human prostate cancer specimens.  

3. Reduced mRNA expression of numerous Interferon stimulated genes (ISGs) in AA CAFs vs EA CAFs.Our
transcriptome analysis of 4 pairs AA CAFs and EA CAFs identified 1308 genes that are statistically significantly
differentially expressed (corrected p < 0.05 and 1.5<FC ≥ 1.5) in AA CAFs compared to EA CAFs. Of these
differentially expressed genes 154 belong to the interferon-stimulated genes (ISGs) (Figure 4) as identified in
the INTERFEROME Database of ~1800 identified ISGs. Of the 154 differentially expressed ISG mRNAs, 34
(22%) were upregulated in AA CAFs compared to EA CAFs (Figure 4A) and 120 (78%) were down-regulated
in AA compared to EA CAFs. Of these 120 genes, 24 were classified in the database as Type 1 IFN stimulated
genes, 17 by Type- 2, and 68 stimulated by both Type- 1 and Type 2 according to the INTERFEROME
database. The 24 Type-1 ISGs downregulated in AA CAFs compared to EA CAFs were associated with gene
ontology functions such as the processing and presentation of endogenous antigens, cell adhesion, activin
inhibitor as well as activation of MAPK and bone morphogenic protein (BMP) signaling. The 17 Type-2
regulated ISGs that were down-regulated in AA vs EA CAFs are associated with gene ontology functions such
as ATP binding, autophagy, and vacuole formation, apoptosis, B cell proliferation, and cell adhesion. The 68

Figure 3. RNA-seq analysis of PSPH suppression in LNCaP cells derived from EA prostate cancer. A) The top list of DEGs 

by PSPH suppression, B) Statistically significantly enriched pathways by the IPA GO analysis. C) Heatmap of DEGs between 

PSPH shRNAs (green, n = 4) and shRNA controls (yellow, n=4). The hierarchical clustering of DEGs is shown (absolute fold 

change > 2; FDR P ≤ 0.01). D) Volcano plot of significant DEGs.  



Type-1 ISGs and Type-2 ISGs that were down-regulated in AA vs EA CAFs are associated with gene ontology 
functions such as cell adhesion formation, acute phase response, JNK activity, MAPK activity, and caspase 
activity (Figure S2). Thus, there appears to be a marked decrease in the expression of interferon-related 
regulation in AA CAFs relative to EA CAFs, especially for the regulation of antigen presentation. There were 8 
Type-1 regulated ISGs that were upregulated in AA vs EA CAFs. These were associated with gene ontology 
functions such as DNA binding transcriptional factor, extracellular matrix function, and G protein-coupled 
receptor signaling. There were 4 Type-2 ISGs that were upregulated in AA vs EA CAFs. Gene ontologies 
terms such as eukaryotic translation intimation factor including 4F complex and chemokine activity were 
associated with these genes. There were 20 genes controlled by both Type-1 and Type-2 ISGs that were up-
regulated in AA vs EA CAFs. These genes were associated with actin binding, angiogenesis, anti-apoptosis, 
cell aging, calcium ion bindings. Six more genes were associated with Type-1 & and Type-3 and seven genes 
with all three IFN types. 

Figure 4: Expression of Interferon stimulated genes in AA and EA CAFs. (A) Expression of 154 statistically 

significantly differentially expressed (corrected p < 0.05 and FC >1.5) interferon stimulated genes (ISGs) in AA 

and EA PCa CAFs. (B) Members of the IFN gene family were also differentially expressed at the RNA levels 

4. RNA expression differences between tumor-adjacent CAFs and distant CAFs. We also compared four pairs
of CAFs derived from near tumor, to four dCAFs from a distant contralateral area where tumor was not
detected. CAFs and dCAFs from the same individual were usually more similar to each other than to other
patients (data not shown). Many genes were differentially expressed at the RNA levels and a few pathways
were over-represented (p<0.05). Pathways that are different between CAFs and dCAFs in either direction
should be of interest for identifying “field effects”; gene expression that is affected by proximity to tumor in a
patient prostate. Pathways more highly expressed in CAFs than in dCAFs, including DNA replication, carbon
metabolism, folate metabolism, synthesis and degradation of ketone bodies, meiotic recombinations, double-
stranded break repair, vitamin 12 metabolism and steroid biosynthesis, and immunoregulatory interaction
between lymphoid and non-lymphoid cells. The latter is of particular interest as a potential immunological field
effect. Among the genes more highly expressed in CAFs than in dCAFs, were (IGF2, IFI27, VCAM1, and
HSBP1) and among the genes expressed at highly lower levels in CAFs vs dCAFs were home box genes
(HOXA9, HOXA11, HOXA10, HOXB1m HOXB13, HOXC4, HOXC5).

4. Impact

4.1. We have developed unique resources of CAFs and dCAFs from many different AA and EA PCa 
patients and NAFs from the tumor-free prostate of cystoprostatectomy specimens. The ethnic 



identification was determined by large SNP analysis. These resources provide an important tool 
for dissecting the stroma regulatory features of PCa of different races. 

4.2. We discovered that targeting PSPH by shRNAs can alter gene-expression of metabolism and 
immunity related genes in prostate cancer cells. 

4.3. There are significant changes between AA and EA CAFs in expression of numerous Interferon 
stimulated genes 

5. Changes/Problems

None.

6. Products

6.1. Patient-derived CAFs, distant CAFs and NAFs. 
6.2. PSPH overexpress and suppression stable cell lines. 
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