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Introduction

Aim. To identify putative non-invasive expression markers, based on relative expression (RE)
of cancer- and immune-associated genes, in peripheral blood of mice, bearing melanoma cells.
Methods. RE of 56 cancer- and immune-associated genes was assessed byquantitative PCR in
peripheral blood of C57BL/6j mice inoculated with B16 mouse melanoma cells and in control
animals. Results. Eleven genes showed significant differences in the RE levels in mice,bearing
melanoma: six genes (Ccl5, 111b, Mif, Rnasel, S100al and TgfbI) were expressed at higher levels,
and five genes (Erbb2, Ifubl, 116, Pdcdl and Proml) were downregulated in comparison with
the control animals. We have demonstrated a stable immunosuppressed state of mice inoculated
with melanoma cells as evidenced by decreased RE levels of /fnb/ and Pdcdl and increased RE
levels of Lbp, Tir3, Tlr8, Gstpl, Proml, Oasla, Oas3 and Il1b. Conclusions. Assessment of
expression of cancer- and immune-associated genes in peripheral blood during growth of malignant
cells in experimental animals may result in discovery of effective noninvasive expression markers
for the prognosis of the cancer outcome and chemotherapy efficiency.
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Melanoma represents high malignant neo-
plasms. It occurs in a variety of tumor groups
that differ in clinical and histological charac-
teristics, profiles of metastasis, ethnic distribu-
tion, a causative role of UV radiation and
mutational profile for each patient [1]. For
now, such modern approaches to cure mela

noma as immunotherapy [2] and combined
methods [3] are widely used; however, none
of them provides 100 % efficiency of treat-
ment. Melanoma, like many solid tumors, is a
quite heterogeneous disease with certain mo-
lecular features of individual tumors, hence, it
is important, to define the markers for progno-
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sis, describing a status of immune system and
specific characteristics of each tumor [4, 5, 6].
The least invasive methods to analyze markers
are preferential. The analysis of liquid biopsies
(blood, urine, saliva, etc.) is the most non-in-
vasive for this purpose.

To characterize the growth of tumor cells
in experimental animals, 56 cancer-associated
genes and several immune-associated genes
were chosen, namely, the genes encoding cy-
tokines (Ifna2, Ifnbl, Ifne, Ifnk, Ifng, 116, 111D,
1l12a, Tnf), chemokines (Ccl3, Ccl4, Ccls,
Cxcl9, Cxcl10, Cxclll), interferon-stimulated
genes (Oasla, Oas2, Oas3, Mx1, Tir3, Tir7,
TIlr8, Rela), immune therapy target genes
(Pdcdl, Cd274), markers of cancerous cells
(Proml, Nfkbl, Gstpl, Tgfbl) and genes in-
volved in inflammation (Nlrp3, Arg2, Mif,
S10041, Xdh et al.)[7].

Many of these genes are expressed differ-
ently in various cell types, that is why it is
quite difficult to correlate their RE levels with
the tumor progression.

We hypothesized a possibility to find the
correlation between the RE levels of above-
mentioned genes and the growth of melanoma
cells in mice, using the peripheral blood of
experimental animals to monitor the expres-
sion. We wanted to detect the specific changes
in the RE levels and propose the novel non-
invasive expression markers for the cancer
diagnosis and prognosis.

Materials and Methods

Cell line. The mouse melanoma B16 cell line
was obtained from the Bank of Cell Lines
(R.E.Kavetsky IEPOR, NAS of Ukraine). The
cells were cultured in DMEM (Sigma) medium
with the addition of 10 % FBS (Sigma),
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100 units/ml penicillin and 100 pg/ml strepto-
mycin at 37°C in a CO, incubator. The cells
were detouched by an EDTA/trypsin solution
and rinsed in a phosphate buffered saline
(PBS). Cells were counted, and suspension of
2x105 cells was injected into each mouse.

Experimental animals. Adult female mice
of the C57BL/6j line were used. Suspension
of the B16 mouse melanoma cell was subcu-
taneously introduced into the right posterior
paw. Mice, not bearing melanoma cells, served
as the control animals. Five mice were studied
in each group. On the day 19t following the
injection of melanoma cells, the peripheral
blood was collected for the analysis. All ma-
nipulations with animals were conducted in
accordance with the rules of handling of ex-
perimental animals, approved by the Bioethic
Committee of IMBG of NAS of Ukraine and
the rules, described in “European Convention
for the Protection of Vertebrate Animals used
for experimental and other scientific purposes”
(Strasburg, 1986).

Total RNA isolation and cDNA synthesis.
100 pl of whole blood were thoroughly mixed
with 300 pl of Trizol (Sigma). Total RNA was
isolated, using a Direct-zol RNA MiniPrep total
RNA kit (Zymo Research), according to the
manufacturer’s protocol. DNasel treatment was
performed on columns. The quality and con-
centration of total RNA samples were analyzed
on spectrophotometer (NanoDrop Technologies
Inc. USA) and agarose gel electrophoresis.
cDNA synthesis was performed, using Maxima
First Strand cDNA Synthesis Kit for RT-qPCR
(Thermo Scientific, USA), according to the
manufacturer’s protocol.

Quantitative PCR (qPCR). The RE levels
of the investigated genes were assessed as
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described earlier [8, 9], using 5x HOT
FIREPolEvaGreen qPCR Mix Plus (Solis
BioDyne, Estonia) on Bio-Rad CFX96 Real-
Time PCR Detection System (USA) and the
following program: denaturing - 95°C for 12
min and then 40 cycles (95°C-15 s, 60°C — 20
s, 72°C - 20 s). Primers were selected, using
an algorithm https://www.ncbi.nlm.nih.gov/
tools/primer-blast/ and the databases https://
primerdepot.nci.nih.gov/ and https: //www.
origene.com (see [10]). The reference 7BP
gene was used to normalize RE calculations
by 2”-dCt and 2”-ddCt methods, as described
earlier [9].

Statistical analysis. A STATISTICAT10 soft-
ware was used to perform the statistical anal-
ysis. The Kruskal-Wallis and Fischer exact
tests with correction on multiple comparisons,
according to the Benjamini - Hochberg proce-
dure with FDR = 0.2 [11] were used to calcu-
late differences between groups.

Results and Discussion

After the RE levels of 56 cancer- and immune-
associated genes were assessed in peripheral
blood of experimental animals, we could di-
vide the genes in three groups, (Figure 1 A,
B). Thus, the genes such as Ccl5, 1l1b, Mif,
Rnasel, S100al and Tgfbl were highly ex-
pressed, whereas the genes Erbb2, Ifnbl, 116,
Pdcdl and Proml were low expressed genes.
The RE levels differ between the highly and
low expressed genes more than 100-fold.

13 genes were differently expressed, when
the mice bearing melanoma cells were com-
pared with the control animals, as was calcu-
lated by a statistical analysis. 11 genes were
upregulated (p<0.05) (Table 1A) and 2 genes
were downregulated (p<0,05) (Table 1B).

Difference in the RE levels was considered
significant, when the change was 2-fold or
more. Several genes showed the tendency in
changes, for example, Xdh (p=0.055) and Arg2
(p=0.058) were upregulated, and three genes,
namely Ifng, Erbb2 (p=0.055) and [//2a
(p=0.057) were downregulated. We believe
that in larger groups the changes in the RE
levels could be significant.

The highest upregulation, above 3-fold, was
found for Lbp, Tir8, Cxcl9, Oas3 (p<0.001) in
the mice, bearing melanoma cells.

The protein, encoded by Lbp, is involved
in the TLR signaling pathway and in the acute
phase of the immunological response to gram-
negative bacterial infections and also is a
marker of fibril neutropenia and a poor state
in cancer patients [12, 13]. 7/r8 and TIr3, re-
ceptors of the TLR family, were upregulated
in the mice bearing melanoma cells. It was
shown, that an increased expression of 7LRS
leads to a faster proliferation of tumor cells
and also promotes chemoresistance of the pan-
creatic tumors. NF-kB and COX2 are upregu-
lated with the 7LRS increase [14]. Moreover,
it is known that 7LR3 can stimulate invasive-
ness of cancerous cells [15].

Noteworthy, the expression levels and a role
of Cxcl9 in the development of various tumor
types is controversial [16]. Even so, Cxcl9 is
a promising target for the creation of new ap-
proaches to treat cancer [17].

Among the interferon (INF alpha) targeted
genes, Oas3, Oasla and Rnasel were upregu-
lated in the group of mice bearing melanoma
cells. Functioning of OAS1 and OAS3 in the
immune pathways and response to RNA vi-
ruses are closely related to RNASEL [18]. It
i1s known that downregulation of these genes
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Fig. 1. Pattern of RE levels in the control mice (C) and mice, bearing melanoma cells (T).

1s associated with the poor prognosis for can-
cer patients and also with the resistance to
chemotherapy [19].

It could be that the mice still have the im-
mune system reserves to fight the tumor growth
at this stage after the melanoma cells were
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inoculated. However, several symptoms of the
immunosuppressive state were detected in
experimental animals, as was evident by the
expression data.

Next, we observed a group of genes that
showed moderate upregulation in the mice,
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Table 1.Gene RE levels, that were upregulated RE (A) and downregulated (B), when mice, bearing
melanoma cells and the control animals were compared.

A Ne Genes RE, increase p-value* B Ne Genes RE, decrease p-value*
1 Lbp 3.56 1 Ifnbl 0.23 p<0.001
2 Tir8 3.10 2 Pdcdl 0.31
3 Cxel? 3.04 p<0.001 3 Ifng 0.51 005
4 Oas3 3.01 4 Erbb2 0.52 e
5 Cdl4 2.89 5 1l12a 0.54 p=0.057
6 Tir3 2.68
7 Rnasel 2.67
8 Gstpl 2.55 p<0.050
9 Proml 2.51
10 1l1b 2.42
11 QOasla 2.40
12 Xdh 1.96 p=0.055
13 Arg?2 1.77 p=0.058

Note:* - Fisher exact test with FDR=0.2; genes, showing the significant differences in RE levels, are indicated in bold.

bearing melanoma cells, i.e. RE changes were
2-3 fold. The Cd14 upregulation could be due
to the infiltration of monocytes into tumor, and
could serve as a marker for cancer progression
and metastasizing [20, 21].

It has been reported already that GSTPI,
encoding Glutathione S-transferase PI, is over-
expressed in many types of cancers [22], for
example, is associated with the K-ras mutation
in colorectal cancer [23] and with downregula-
tion of miR-133a in head and neck squamous
cell carcinoma [22]. An increased GSTP1 ex-
pression is also indicated in an enhanced de-
toxification activity, protecting cancer cells
against cytotoxic and cytostatic drugs [24, 25].
However, there are no data on the Gstp/ ex-
pression in the blood of cancer patients.
Noteworthy, an increased GSTPI expression
enhances oncogenicity of breast cancer by
regulating glycolytic and lipid metabolism as
well as the energy and oncogenic signaling
pathways, resulting in the activation of glyce-

raldehyde-3-phosphate dehydrogenase [26].
Moreover, the genetic or pharmacological in-
activation of GSTPI worsens the survival of
tumor cells, due to abnormalities in the under-
lying signaling pathways.

PROMI1 (CD133) is a marker of cancer
stem cells, for lung and colorectal tumors [27,
28]. High levels are correlated with the poor
prognosis in colorectal cancer [29]. Importantly,
the increased RE levels of Proml were de-
tected in the mice, bearing melanoma cells.
This could be an evidence of the presence of
circulating tumor cells in the mouse blood-
stream as well as of an elevated expression of
Cdl14 and Gstpl, described above.

Additionally, the 7/1b expression increased
in the mice, bearing melanoma cells. This in-
terleukin can be expressed by tumor cells and
different stromal elements, such as myeloid-
derived suppressor cells and tumor-associated
macrophages [30]. IL1B enhances metasta-
zing [31].
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Importantly, the experimental animals, bear-
ing tumor cells, showed lower RE levels of
Ifnbl, Pdcdl and Ifng. This indicates the im-
munosuppressive state of the mice [32, 33].

Summarizing, several studied genes showed
significant differences in the RE levels in the
mice, bearing melanoma cells, compared with
the control animals. The detected alterations
refer to the genes, associated with the immune
and cancer cells and could serve as putative
noninvasive biomarkers of tumor growth.
These genes are Lbp, Tlr3, Tir8, Proml and
Cd14. Additionally, the Oas3, Rnasel, Gstpl
and Cxcl9 genes could be the markers of sen-
sitivity to chemotherapy.
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Conclusions

Assessment of the expression of cancer- and
immune-associated genes in the peripheral
blood of the experimental animals upon the
growth of malignant cells in vivo may result
in the discovery of the effective noninvasive
expression markers for the prognosis of the
outcome of the cancer disease and effective-
ness of the chemotherapy.
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ITaTepHu excnpecii iMyHO Ta MyXJIMHO-
aconiioBaHuX reniB y nepudepiiHiii kpoBi Mumei
3 eKCNepUMEeHTAJIBLHIMH MeJAaHOMaMU

I'. B. I'epamenxko, 1. M. Barina, 1O. B. Baris,
3. 1O. Tkauyk, B. 1. Kanry6a

Meta. Busnaunty noteHmiiiHi HeiHBa3MBHI €KCIIpECiiiHi
MapKepy Ha OCHOBI marepHiB BimHOCHOI ekcrpecii (BE)
MYXJIMHO- T2 IMyHO-aCOIIHOBaHUX I'€HIB, 110 BUBYAJINCH
y niepudepiliHii KpoBi MUIIEH 3 BBEICHUMH KIITHHAMH
Memnanomu. Metoau. Pisai BE myxmiHOo- Ta iMyHO-aco-
1iHOBaHUX TeHIB Oynu mociimkeHi KinbkicHoo [TJIP y
niepudepitiniit kpori C57BL/6j murneti 3 BBenennmu B16
KIITHHAMH MEJIAHOMH Ta KOHTPOJIBHUX TBapHH.
Pesynbraru. J{ist 11-u reHiB BUSBICHO 3HAYYII BiAMIH-
HocTi piBHIB BE y Muieii 3 BBeileHUMH KIIITHHAMH MeJa-
HOMH, 3 HUX 6 reHiB (Ccl3, 111, Mif, Rnasel, S100al Ta
Tgfb1) manu nineuiuesi piBHi BE ta 5 renis (Erbb2, Ifnbl,
116, Pdcdl it Proml) — 3amxeHi pieai BE y nopiBHsHHI 3
KOHTPOJIFHUMH TBapWHAMH. MU TOKa3a CTaOUTEHUH
IMYHOCYIIPECHBHHI CTaH MHUIIICH 3 BBEJICHUMH KIIITHHAMH
MEJIaHOMH, TIPO IO cBiguyarhk 3HWkeHi piBHI BE /fnbl,
Pdcdl Ta ninsumeni pisui BE Lbp, Tir3, Tir8, Gstpl,
Proml, Oasla, Oas3 talllb. BucHoBkH. OIliHKa eKCIIpe-
cii MyXJINHO- Ta IMyHO-acoIiHOBaHMX I'eHIB y repudepii-
Hilf KPOBI EKCIIEPUMEHTAIIFHUX TBAPUH IIPH Tporpecii y
HUX 3JI0SIKICHUX KJIITUH MOXKE TIPU3BECTH JIO BUSIBJICHHS
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e(heKTHBHUX HEIHBa3UBHUX €KCIPECITHUX MapKepiB JUIS
MIPOTHO3Y OHKOJIOTTYHHUX 3aXBOPIOBAaHB Ta €()EKTHBHOCTI
ximiorepartii.

Kamo4yoBi caoBa: menaHoMma, BiTHOCHa €KCIIPECist
reHiB, IMyHO-acOLfOBaH1 reHH, MOTEHIIHHI eKCIpeciiHi
MapKepH.

IaTTepHbI IKCIPECCHH UMMYHO M OIYXO0JIb-
aCCOMMPOBAHHBIX IeHOB B NepudepuuecKoii
KPOBH MBIIIEH € IKCIIEPHMEHTATbHBIMH
MeJIaHOMAaMHU

A. B. T'epamienko, . H. Baruna, 1O. B. Barus,
3. 1O. Tkauyk, B. 1. Kauryba

Hesb. Onpenenuts NOTEHINAIbHBIE HEMHBA3UBHBIE JKC-
MIPECCHOHHBIC MapKephl Ha OCHOBE ITATTEPHOB OTHOCHTEIh-
Hoit sxcrpeccuu (O3) OImyXoib- 1 IMMYHO-aCCOITMAPOBaH-
HBIX T€HOB, KOTOPbIE MCCIIEIOBAINCH B Nepr(eprHIecKoit
KpPOBHM MBIIIEH C BBEICHHBIMH KJICTKAMH MEIaHOMBI.
MeTtonpl. YpoBar O3 OITyX0IIb- 1 UMMYHO-aCCOIFUPOBaH-
HBIX T€HOB OBUIN HCCIIEIOBaHblI KojmuecTBeHHoi TP B
niepuepraeckoii kposu of C57BL / 6j Mbieii cBBe/ieH-
HeIMH B16 KiieTkamMu MenaHOMBI M KOHTPOJIBHBIX JKHUBOT-
HbIX. Pe3ynbTarsl. /{7151 11-1 reHOB BBISBIICHBI 3HAUNMBIC
ormmnuust ypoBHel OO y MblIIIei ¢ BBEACHHBIMU KJIETKAMH
MeNaHOMBI, U3 HUX 6 reHoB (Ccl5, 111b, Mif, Rnasel, S100al
u Tgfbl) umenu noblieHHbIEe YpoBHH OO, a 5 reHOB
(Erbb2, Ifnbl, 116, Pdcdl v Prom1)— NOHWXEHHBIE YPOBHH
BE 1o cpaBHEHMIO ¢ KOHTPOJIbHBIMU >KUBOTHBIMU. MBI
MOKa3ain CTabMIbHOE MMMYHOCYIIPECCUBHOE COCTOSIHUE
MBIIICH ¢ BBEJICHHBIMH KJIETKAMH MEJIAHOMEI, O YEM CBH-
JIETETBCTBYIOT CHIDKeHHBIe ypoBHU OO Ifnbl, Pdcdl n
nioBbIieHHbIe ypoBau OO Lbp, Tir3, TirS, Gstpl, Proml,
Oasla, Oas3 wn 111b. BeiBogpl. O1rieHKa 3KCIIPECCUH OITy-
XOJb- ¥ IMMYHO-aCCOLIMMPOBAHHBIX TEHOB B Iiepr(eprye-
CKOM KPOBH 9KCIIEPUMEHTAJIBHBIX )KUBOTHBIX IPH ITPOrpec-
CHH Y HHUX 3JIOKaYECTBEHHBIX KJIETOK MOXKET IIPUBECTH K
BBIIBJICHHUIO A(P(PEKTHBHBIX HEMHBA3UBHBIX SKCIIPECCHOH-
HBIX MapKepoB JUIS IPOTHO3a Pe3yJIbTara OHKOJIOTHIECKUX
3aboreBaHui 1 3(Pp(HEeKTUBHOCTH XMMHOTEPAITHH.

KnwuyeBblie ciaoBa: MCJIaHOMa, OTHOCHUTCIIbHAs
OKCIIpeCcCUd I'€HOB, HMMYHO-aCCOLIMUPOBAHHLIC T'CHBI,
TIOTCHIINAJIBHBIE SKCIIPECCUOHHBIE MaPKEPBI
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