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We have analyzed the putative value of the pattern of relative expression (RE) of several genes that might be involved
in a response to anti-cancer therapy, namely AR, PTEN, COX2, FASN, HMGCR, LDLR, and CTLA4, in samples of
prostate adenoma, adenocarcinoma, and the paired conventional normal tissues. We could propose three subtypes of
adenocarcinomas that show the distinct pattern of expression of the above-mentioned genes, characteristics for (1)
cancer-associated fibroblasts (CAFs), (2) tumor-associated macrophages (TAMs), and (3) markers of immune re-
sponse. These groups correlate with the prostate cancer subtypes, that were determined earlier, based on the analysis
of RE of the epithelial-to-mesenchymal cell transition (EMT) genes and prostate cancer-associated genes. Note-
worthy, the highest correlation was found for genes characteristic of CAFs. This emphasizes the importance of the
simultaneous analysis of genes, involved in various intercellular interactions between tumor cells and cells of tumor
microenvironment, in prediction of efficacy of anti-cancer therapy. To confirm the presented data, the additional
studies on a larger cohort of the prostate cancer patients are required.

Keywords: prostate tumors, relative gene expression, pharmacological markers, tumor microenvironment, cancer-
associated fibroblasts, tumor-associated macrophages.

An analysis of the gene expression pattern, assessed by a quantitative PCR method, is a powerful
approach to solve important questions of modern molecular biology and medicine. Earlier, we used
such analysis for the profiling of prostate cancers and creation of a diagnostic panel [1—4]. Next,
we wanted to explore the possibility to use the gene expression analysis to predict the efficacy of
anti-cancer therapy and to evaluate components of a tumor microenvironment. Both questions
are crucial for personalized medical treatment.

It is widely accepted now that one of the most important prediction tools to choose the cor-
rect patient treatment is the sensitivity of tumor cells to inhibitors of androgen receptor (AR).
These drugs are used at the first line of prostate cancer treatment [5]. Hence, high expression of
AR is favorable for effective therapy. Of note, low expression of a tumor suppressor PTEN or its
mutations in prostate tumors results in a better response to inhibitors of the PI3K/AKT/mTOR
signaling pathway. Importantly, PTEN itself is the inhibitor of this pathway [6]. That’s why the

© G.V. Gerashchenko, L.I. Chashchina, A.V. Rynditch, V.I. Kashuba, 2019
86 ISSN 1025-6415. Dopov. Nac. akad. nauk Ukr. 2019. Ne 4



The gene expression pattern as a tool for assessment of components of microenvironment...

mutation status and expression levels of PTEN serve for the stratification of patients for the choice
of therapy [7].

Development of specific drugs to treat prostate cancer is quite slow: only five new drugs
were approved by FDA in the last 8 years [8]. However, other approach was proposed — the
repositioning of drugs, i.e. when well-known drugs for other diseases are used to treat cancer
[9]. Such drugs are, for example, inhibitors of proteins involved in lipid metabolism, namely
inhibitors of HMGCR (statins), inhibitors of COX-2 and FASN. Moreover, it is important to
assess the levels of CTLA4 expression, due to the increased use of immunotherapy in cancer
treatment [10].

Carcinogenesis is a very complex process involving not only primary cells under transfor-
mation, but also cells of microenvironment, such as fibroblasts, macrophages, endothelial cells,
many types of immune cells, etc. All these stromal cells of the tumor microenvironment keep the
balance between inhibition and stimulation of tumor growth and often can change with time
from tumor-inhibiting to tumor-supportive [11]. Obviously, intercellular interactions influence
not only the tumor growth, but also the response of tumor cells to treatment and efficacy of anti-
cancer therapy.

In the present work, we aimed to cluster components of tumor microenvironment, hoping to
predict the efficacy of anti-cancer therapy, using RE of a set of genes, namely AR, PTEN, COX?2,
FASN, HMGCR, LDLR, and CTLA4. We also want to relate clusters of components of microenvi-
ronment to earlier defined groups (subtypes) of prostate cancer.

Materials and Methods. A collection of prostate tissues. Samples of 37 prostate adenocarcino-
mas (PAC) of different stages and Gleason score and paired conventional normal tissues (CNT),
and 20 benign prostate tumors (adenomas, AD) as well were collected as described earlier [2-4].

Total RNA isolation and cDNA synthesis. The total RNA was isolated from 50-70 mg of frozen
prostate tissues, using a TRI-reagent (SIGMA), according to manufacturer’s protocol. All pro-
cedures describing the assessment of the RNA quality, quantity, DNase I treatment, and cDNA
synthesis were described earlier [1, 3].

Quantitative PCR (qPCR). RE levels of investigated genes were detected by qPCR, using
Maxima SYBR Green Master mix (Thermo Fisher Scientific, USA) with a Bio-Rad CFX96 Real-
Time PCR Detection System (USA) under the following conditions: 95 °C — 10 min, following
40 cycles of 95 °C — 155, 60 °C — 30 s, elongation 72 °C — 30 s. Primers for genes were selected
from a qPrimerDepot database (https://primerdepot.nci.nih.gov/). Four reference genes (TBP,
HPRT, ALAS1, and TUBA1B) were used for the gene expression normalization [3, 4]. Two main
models for the calculation of RE levels were used, namely the Livak method 2-2Ct and the 2-AACt
calculation that show relative quantities and RE fold changes, accordingly [12].

Statistical analysis. The Kolmogorov—Smirnov test was used to analyze the normality of a
distribution. The Kruskal—Wallis test and following the Dunn—Bonferoni post hoc test were
performed to determine RE differences by multiple comparisons between experimental groups [1,
4]. The Benjamini—Hochberg procedure with false discovery rate (FDR) 0.10—0.25 was used,
when multiple comparisons were performed [13]. Clusterization methods (STASISTICA 10 soft-
ware) were used to cluster components of tumor microenvironment, in particular the K-means
clustering. The Spearman rank order correlation test was performed to find putative correlations
between clusters [1, 3].

ISSN 1025-6415. /lonos. Hay,. axad. nayx Yxp. 2019. Ne 4 87



G.V. Gerashchenko, L.I. Chashchina, A.V. Rynditch, V.I. Kashuba

% of samples

100
90
80
70
60
50

40

30

20
10

!

B Very high

Fig. 1. Ranging of 37 adenocarcinoma samples, based
on different levels of pharmacological efficacy

Results and Discussion. RE levels of
seven genes often targeted by inhibitory
drugs were assessed in PAC, CNT, and AD
groups [1, 14]. Surprisingly, no significant
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differences in RE of these genes were found
between groups of PAC and CNT. Instead,
differences in RE between PAC and AD as a
control were calculated (Table 1).

The analysis of RE levels in PAC and AD groups showed three types of changes: (1) signifi-
cantly decreased expression in PAC — AR 1 isof, PTEN); (2) significant ly increased expression in
AD — COX2, FASN, CTLA4; (3) no significant changes in RE — HMGCR, LDLR. Of note, all genes
showed variable expression in individual tumors.

We ranged the putative efficacy (or sensitivity) to anti-cancer therapy as high, middle, lower
middle, and low.
RE in AD was used as a control. Therefore, the first threshold level was a median for genes
with RE changes of type (1). It could be divided into high and middle ranges. The next threshold
level was a 25-th percentile of the AD group. It was divided in middle and lower middle ranges.
These values are close to the median of the PAC group. The last threshold level was a 25-th per-
centile of the PAC group; it was divided in lower middle and low ranges.

Table 1. The data on RE of pharmacological markers in PAC and AD groups

Gene Group Median Minimum | Maximum 25-th 75-th p-value*
percentile percentile

AR 1isof PAC 1.377 0.413 3.353 0.911 2.228 0.021
AD 2129 0.879 4.936 1.623 2.672

PTEN PAC 8.762 2.278 25.232 6.354 12.322 0.015
AD 16.989 5.875 90.619 8.964 22.065

cox2 PAC 1.550 0.291 10.554 0.777 2.319 0.019
AD 0.542 0.152 4.647 0.256 1.053

FASN PAC 3.132 0.351 34.230 1.744 8.048 0.031
AD 2.252 0.191 4.567 1.241 2.485

HMGCR PAC 0.393 0.043 9.724 0.221 0.712 0.058
AD 0.631 0.331 1.717 0.469 0.901

LDLR PAC 0.647 0.052 4.890 0.443 1.227 0.677
AD 0.605 0.223 1.415 0.360 0.835

CTLA4 PAC 0.084 0.007 0.425 0.053 0.175 0.016
AD 0.039 0.006 0.219 0.030 0,071

Note. In bold — a group, that is a basis for ranging. * The Dunn—Bonferroni post hoc test for multiple com-

parisons.
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For the type (2) of RE changes, we proposed an extra range, i.e. a very high level of sensitiv-
ity /efficacy. Its threshold level is the median of PAC.

The type (3) of RE changes allow us to range efficacy similarly to type (1), except an addi-
tional very high level, if RE of a 75-th percentile of PAC was higher than in AD.

The summarized results of ranging for seven genes are shown on Fig. 1.

It is important to note that the threshold levels of AR 1 isoform are very similar to levels of
RE means for three subtypes of PAC characterized earlier [1]. Moreover, RE levels of PTEN in-
versely related to pharmacological efficacy of mTOR inhibitors.

The obtained results are our assumptions based on the RE and characteristics of RE changes
in groups of prostate tumors. In order to establish the real sensitivity and efficacy for anti-cancer
therapy, the clinical studies should be performed. On the other hand, these results suggest the dif-
ferent putative sensitivity to anti-cancer therapy.

As discussed above, the tumor microenvironment plays an important role in the control over
the efficacy of anti-cancer therapy. Many components such as CAFs, TAMs, and tumor-infiltrat-
ing lymphocytes (TIMs) are known to orchestrate and support the development and expansion
of tumors and reduce the effectiveness of antitumor therapy [6, 7]. To define the specific stro-
mal subtypes in prostate cancer, RE of genes characteristic of CAFs (8 genes) (Fig. 2, a), TAMs
0.60 (6 genes) (b), and immune-associated genes
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Fig. 2. Profiling of genes, associated with CAFs (a), TAMs (b), and TAGs (c¢) based on the analysis of gene RE,
using the K-means clustering
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Fig. 3. Profiling of RE in PAC of 18 genes from the CAF, TAM, and TAG groups (total
TM group), using the K-means clustering

except CXCL14. Nevertheless, the CXCL14 gene has a tendency to changes in RE. In the TAM
group, all 6 genes are expressed differently. The smallest number of genes with RE changes be-
tween clusters was calculated for the TAG group: only CTLA4, IRF1, IL2RA, and HLA-G demon-
strated the altered expression pattern.

Based on the obtained data, we performed clustering for the CAF, Tam, and TAG groups for
all the genes that showed differences in RE (Fig. 3). We could form also three clusters for PAC.
Clusters 1 and 2 consist of samples at Stage 1—2, as was described earlier by us. Cluster 3 contains
mainly PAC at Stage 3—4. Of note, differences in RE between clusters vanished for the majority
of CAF genes, except for CXCL12 and HIF1A.

Based on these results, we performed a correlation analysis between clusters of different types
and between clusters of PAC. To do so, we took into account RE of 33 transcripts from genes asso-
ciated with EMT and prostate cancer-associated genes (T) determined earlier [3]. The Spearman
rank order correlations analysis for all cluster types was performed (Table 2).

One group of clusters (T) contains genes associated with tumor cells, and other three cluster
types contain markers of stromal elements described above. All cluster types with stromal ele-
ments have high correlations between each other, indicating a significant relationship of CAFs,
TAMs, and immune cells upon prostate carcinogenesis.

The most interesting is a high degree of correlation of clusters of microenvironment compo-
nents with tumor cells. The highest levels of correlation showed the T and CAF groups. Obvi-
ously, upon prostate tumor development, there is the strong interaction between the tumor cells
and stromal fibroblasts.

Cluster 1 of PACs consists of TMPRSS2-ERG positive androgen-sensitive tumors of the lu-
minal subtype 1. These tumors, in addition to the high sensitivity to androgens, show the high
sensitivity to prolactin, insulin growth factor 1, insulin stimulating oncogenic signals and have
the activated oncogenic pathways, involving ERG and PCA3. The CAF cluster 1 corresponding
to this PAC cluster is characterized by the lowest levels of RE of CAF markers, indicating a small
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number of these cellular elements and their low  Table 2. The Spearman rank order correlations (r)

activity, suggesting a favorable prognosis of the between different groups of clusters with prostate
cancer-associated genes and tumor microenviron-

disease. ment markers in PACs
For cluster 2 of tumor markers and charac-
teristics of CAF, tumors are of the same stage, Cluster T CAF TAM IAG
. ) . groups
as in cluster 1. However, several epithelial and
luminal markers (KRT18, PCA3, PSA) showed T 1.0000
the lowest expression, while mesenchymal mark- CAF 0.8219 | 1.0000
ers (CDH2, MMP2, FN1, VIM) were highly ex- TAM 05838 | 0.7616 | 1.0000
pressed. This corresponds to a stem-cell-like IAG 0.6709 | 0.7380 | 0.7827 | 1,0000

(basal) subtype of prostate cancer [3]. Simul-  \ o Ttalic — p<0.001; bold — p < 0.0001,
taneously highly expressed ESR7, SRD5A2,

INSRB, PRLR, and IncRNA HOTAIR suggest that this cluster includes tumors with enhanced
carcinogenic properties. The CAF cluster 2 includes samples with the highest RE of six genes
(ACTA2, CXCL12, CTGH, THY1, HIF1A, FAP) associated with a poor prognosis of a course of
disease.

Cluster 3 contains advanced tumors at Stage 3-4. Mainly tumors are androgen independent
and castrate-resistant of luminal subtype. The CAF characteristics are between clusters 1 and 2.
However, samples in this cluster show very high level of RE of the TAM marker CD163, which is
usually expressed in M2 macrophages. Obviously, tumor supportive macrophages contribute to
progression of cancer disease [15].

We could distinct two molecular subtypes of PACs of the luminal type (clusters 1 and 3) with
specific tumor gene expression characteristics at early and advanced stages. To these two PAC
subtypes, two different CAF subtypes with high and low expression of CAF markers correspond.
Similar trend was observed for the TAM, IAG, and total stromal clusters. Cluster 2 characterizes
early prostate cancers with increased RE levels of basal and tumor stem cells markers in T cluster
and specific RE levels of CAF, TAM, IAG genes. Thus, we have found three additional adenocarci-
noma subtypes of stromal elements, which matched with three prostate cancer subtypes described
by us earlier. These data are very important for better diagnosis and stratification of prostate tu-
mors for the selection of personal treatments.

To summarize the obtained data, we have analyzed the putative value of the pattern of rela-
tive expression (RE) of several genes that might be involved in a response to anti-cancer therapy,
namely AR, PTEN, COX2, FASN, HMGCR, LDLR, and CTLA4. We could propose three subtypes
of adenocarcinomas that show the distinct pattern of expression of the above-mentioned genes
characteristic of (1) CAFs, (2) TAMs, and (3) markers of immune response. These groups corre-
late with the prostate cancer subtypes that were determined earlier, based on the analysis of RE of
the epithelial-to-mesenchymal cell transition (EMT) genes and prostate cancer-associated genes.
Noteworthy, the highest correlation was found for genes characteristic of CAFs. This emphasizes
the importance of the simultaneous analysis of genes involved in various intercellular interactions
between tumor cells and cells of tumor microenvironment in prediction of efficacy of anti-cancer
therapy. To confirm the presented data, the additional studies on a larger cohort of the prostate
cancer patients are required.
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IMATEPHU EKCITPECII TEHIB SIK 3ACIB JIJISI OIIIHKIN
KOMITIOHEHTIB MIKPOOTOYEHHA TA BIAITOBIAI
HA AHTUPAKOBY TEPAIIIIO ITYXJIMH ITEPEAMIXYPOBOI 3AJI031

[TpoaHasizoBaHoO TOTEHITiITHI 3HAUEHHST [Iiala30HiB BiTHOCHOI €KCTIpecii psLy TeHiB, siKi MOKYThH Oy TH 3aTydeHi y
BIZIITOBI/Ib HA TPOTHUPAKOBY Tepaitiio, a came AR, PTEN, COX2, FASN, HMGCR, LDLR i CTLA4,y 3pa3kax ajleHOM,
aIEHOKAPIIMHOM i TAPHUX YMOBHO-HOPMAJBHUX TKAHWH TTEPEMiXypOBOi 3a71031. BrusHaueHo Tpu miATHIIN aje-
HOKAPIUHOM, Ki II0Ka3yIOTh 4iTKy KaPTUHY eKCIPecil JOCTI/KyBaHUX TeHiB, SIKi XapaKTepusyloTh: 1) myxmHo-
acorifioBani ¢ibpobmacty; 2) myxamHOACOTHOBaHI Makpodary; 3) Mapkepu iMyHHoOI Bixmosizi. Ii rpymm Kope-
JIOIOTh 3 THATUIIAME PaKy MepeaMiXypoBoi 3a103u, siki OyJv BU3HAUEHI paHille Ha OCHOBI aHaJi3y BiJHOCHOI
eKcITpecii TeHiB, acOIiOBAHNX 3 eMiTeiaTbHO-Me3eHXIMaTbHUM TIePEeX0/I0M, i TeHiB, TOB'I3aHUX 3 PAKOM Tepe/i-
MiXypoBoi 3a/m03u. 3Beprac Ha cebe yBary, 1o Haiibiabina Kopessitia Oysa 3HalijeHa A1 MUX TATUIIB paky it
TPYTIH TeHiB TyXanHoacorifioanux ¢Gibpodmactis. Ile miakpecoe BaKINBICTH OHOYACHOTO aHATI3Y TEHiB, 3a-
JIYUEHUX /IO PIBHUX MIKKJIITUHHUX B3AEMO/IiH MisK KJIITHHAMU ITYXJIUH 1 KJIITUHAMU Ty XJIMHHOTO MiKDOOTOUEHHS,
B TIPOTHO3YBaHHI e(DeKTHUBHOCTI TPOTUPAKOBOI Tepartii. [list mATBepIKEeHHS OepKaHUX MaHUX HeOoOXimHi /10-
JIATKOBI IOCJIUKEeHHsT Ha OiIbIniii BUOIPIN XBOPUX HA PaK MepeMiXypoBoi 3aJ03H.

Kmo406i cioea: nyxaunu nepeomixyposoi 3aiosu, 6i0HOCHA eKCPecis 2e1i6, (papMakonoziuni mapkepu, nyxiunie
MIKPOOMOUEeHHS, NYXAUHOACOUIL08aNT PibPOOIACTIU, NYXIUHOACOUITOBAT MaKpOpazil.
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[ATTEPHDBI OKCIIPECCUUM TEHOB KAK CIIOCOB OILIEHKU
KOMIIOHEHTOB MUKPOOKPY/KEHMA 11 OTBETA
HA AHTMPAKOBYIO TEPAIIUIO OITYXOJIEN ITPOCTATBI

[Ipoanann3upoBaHbl MOTEHITUATbHbBIE 3HAYEHST IUANTA30HOB OTHOCUTEIHHON 9KCIIPECCUN PSIIAa TEHOB, KOTOPBIE
MOTYT OBITh BOBJICUEHBI B OTBET Ha TPOTUBOPAKOBYIO Teparuio, a umeHHo AR, PTEN, COX2, FASN, HMGCR,
LDLR w CTLA4, 8 o6pasiax aJ[eHOM, aJIeHOKaPIIIHOM U MAPHBIX YCJIOBHO-HOPMAJIbHBIX TKaHel mpoctaTsl. Orpe-
JIeJTEHBI TPY TIOATHIIA 3JIEHOKAPIIMHOM, TOKA3bIBAOIIIE YETKYI0 KAaPTUHY 9KCIIPECCUU HCCIIEYEeMBIX TEHOB, KOTO-
pbie xapakrepusyior: 1) omyxoseacconunpopanmbie (puOpobaacThr; 2) OMyXo/eacconMUpPOBaHHbe MaKpodarm,
3) Mapkepbl IMYHHOTO OTBETA. TH IPYIIIIBI KOPPETUPYIOT € MOATUIIAME PaKa TPOCTAThI, KOTOPbIE GBIIH JIETEK-
THPOBAHBI PaHee HA OCHOBE aHAJIN3a OTHOCUTEHHON IKCIIPECCUU TE€HOB, aCCOIUUPOBAHHBIX C AMUTETHATBHO-
Me3eHXUMaJIbHBIM TIEPEXOIOM, 1 TEHOB, CBSI3AHHBIX C PAKOM MTPOCTATHL. BasKHO OTMETHTBH, UTO HAMOOJIbITAS KOP-
pensuus Oblla HalifieHa A1 STUX MOATUIIOB PaKa M IPYIIIBI TEHOB OIyX0J1eacCOMUPOBAHHBIX (hrOPOBIacToB.
ITO TOAYEPKUBACT BA)KHOCTH OJHOBPEMEHHOTO aHAIN3a T€HOB, YYACTBYIOMIUX B PA3JINYHBIX MEKKJIETOUHBIX
B3ANMOJIENCTBUSIX MEK/Y KJIETKAMU OITyXOJIeH U KJIETKaMU OIyXOJEBOrO MUKPOOKPYSKEHUS, B IIPOTHO3UPOBA-
HUM 9(HEKTUBHOCTH TIPOTUBOPAKOBON Teparuu. J[JIst MoATBEePIKAECHNS TIOJMYIEHHBIX TaHHBIX HEOOXOAUMBI JI0-
MOJTHUTEJIbHBIE UCCIE0BAHMS Ha OOMbINER BRIOOPKE OOMBHBIX PAKOM MTPOCTATHI.

Knrouesvie caosa: onyxonu npocmamaot, OMHOCUMENbHASL IKCNPECCUSL 2€HO8, (hapMaKoiozuieckue Mapkepvl, ony-
X0/1€680€ MUKPOOKPYICEHIUE, ONYXOLACCOUUUPOBAHbLe PUOPOOIACTIbL, ONYXOLEACCOUUUPOBAHHDIE MAKPODaZL.
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