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Background: Chemokine (C-C motif) receptor 7 (CCR7)is a chemokine receptor involved in the carcinogenesis of several types of tumors
due to its promoting action in epithelial-mesenchymal transition events, invasion, angiogenesis and metastasis. However, its role in prostate
cancer (PCa) remains unclear. 4im: To evaluate CCR7 expression by immunohistochemistry in prostate tumors from young patients and
to determine the possible relationship with the clinicopathological characteristics. Materials and Methods: We analyzed retrospectively
paraffin-embedded tissue sections from 23 young PCa (< 55 years old) patients and evaluated the transcriptomic expression in the TCGA
database. Results: Expression of CCR7 was observed in 15 cases (65%). The tissue samples from younger patients (< 50 years) were
mostly positive in 72.7% (8/11) of cases. High grade GS (> 3) tumors were CCR7-positive in 71% cases. The malignant cells present
inlymph nodes were CCR?7 positive in 100% cases. The bioinformatic analysis showed a high CCR7 expression associated with the presence
of metastasis (FC = 2.6, p = 0.03) in the Cancer Genome Atlas (TCGA) PCa cohort (PRAD). Conclusion: We showed that CCR7 expres-
sion in tumors from young patients is associated with the early onset of the disease and could also be related to lymph node metastasis.
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Prostate cancer (PCa) is the most common tumor
in men and the fifth most common cause of cancer death
worldwide. ltis estimated that there were almost 1.4 million
new cases of PCa and 375,304 associated deaths world-
wide in 2020 [1]. Early-onset PCa (EO-PCa) has been
defined as PCa in young patients under 50 years of age
atthe time of PCa diagnosis [2, 3] However, other studies
have set the age limit at 60, 55 and 45 years of age [2].
Several risk factors are associated with EO-PCa, such
as family medical background, ethnicity and genetic
factors like single nucleotide polymorphisms and muta-
tions in BRCA1, BRCA2, HOXB13, MSH2, ERCC2 and
CHEK2_non1100del [4-7] genes, as well as rearrange-
ments of genes in the androgen receptor axis (e.g.,
TMPRSS2-ERG, PTEN and AR) [8].

Several hallmarks have been described that identify
changes in the activity, function, morphology and behav-
ior of the cancer cells, and which explain their admirable
ability to bypass the cellular, tissue and systemic control
of the organisms in which the cancer is established.
One of the cancer hallmarks is to promote inflammatory
events in their environment [9], which are characterized
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by the recruitment of leukocytes, production of cytokines
and chemokines, induction of angiogenesis, presence
of epithelial-mesenchymal transition events (EMT), and
the promotion of migration and metastasis [10, 11]. Several
immune cells and chemokines influence PCa progression
through action on the molecular pathways stimulating
proliferation, angiogenesis, migration, invasion and me-
tastasis events [11]. In EO-PCa, Ding et al. [12] detected
abnormal expression of genes involved in inflammatory
and antitumor immune-related pathways (CTL4, IDO1/
TDO?2). Inaprevious study, we found dysregulated expres-
sion of mMRNAs associated with inflammatory pathways
in young PCa patients [13, 14].

Chemokines are chemotactic cytokines that act
by binding to their respective receptors. In cancer, some
chemokines and their receptors have a promoting role
in carcinogenesis, inflammation, immune surveillance
and cancer progression events [10, 11]. One of these
chemokine receptors is chemokine (C-C motif) receptor
7 (CCR7) which, along withits ligands CCL19 and CCL21,
actsinthe trafficking and homing of T cells, B cells, natural
killer cells and mature dendritic cells [15]. CCR7 isa G pro-
tein-coupled receptor and it has been demonstrated that
the complexes CCR7-CCL21/CCL19 are involved in the
promotion of EMT, invasion, angiogenesis and metastasis
events in several types of tumors, such as breast, lung,
pancreatic and esophageal, among others [16]. CCR7 ex-
pression often correlates with lymphatic metastases and
poor prognosis [17]. A meta-analysis showed that higher
expression of CCR7 in different cancers is correlated with
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poorer overall survival and progression-free survival [18].
CCRY7 andits ligands have also been proposed as targets
for therapeutic intervention due to their role in carcino-
genesis [17].

Few studies have evaluated the role of CCR7-CCL21/
CCL19in PCa. It has been observed that CCR7 is associ-
ated with EMT, invasion, metastasis [19, 20] and enzalu-
tamide resistance [21]. The goal of this study was
to evaluate the expression of CCR7 in young PCa patients
and its possible relationship with the clinicopathological
characteristics.

MATERIALS AND METHODS

Patient samples. Formalin-fixed, paraffin-embedded
tissue samples from young PCa patients (age < 55)
were retrieved from the surgical archives of the Labora-
tory of Pathology, National Cancer Institute, Bogota,
Colombia. The samplesincluded were obtained between
2007 to 2014. Hematoxylin and eosin (H&E) stained slides
were reviewed to confirm the diagnosis. The clinicopatho-
logical features were collected, including Gleason score
(GS), extraprostatic extension, margins, seminal vesicle,
perineural invasion, lymphatic invasion and AJCC prostate
cancer stage group 2018.

Immunohistochemical study. 3 um tumor tissue
sections were kept at 60 °C for 2 h, dewaxed by incuba-
tion with xylol for 10 min and rehydrated with ethanol
of different grades. Heat-mediated antigen recovery was
performed with EDTA 10X (Lab Vision) at a 1/10 dilution
in a “vaporizer” for 50 min. Next, the slides were im-
mersed in a 1/10 hydrogen peroxide solution (UltraVision
Hydrogen Peroxide Block) for 10 min at RT. Afterwards,
they were incubated with primary Anti-CCR7 (ab 32527;
Abcam)ata 1/1000 dilution for 2 hat RT inawet chamber,
before washing twice with Tris-buffered saline 1/10 (Dako,
pH 7.6). Later, the slides were incubated with biotinyl-
ated secondary antibody (Primary Antibody Amplifier)
for 10 min at RT. They were subsequently buffered with
diaminobenzidine and counterstained with hematoxylin
for 2 min. Negative controls were performed by omission
of the primary antibody. Positive control slides included
sections of tonsil.

CCR7-positive staining was assessed by a single
pathologist who was blinded to their clinical features. The
staining pattern was assessed as positive cytoplasmic
or membranous in malignant cells. The intensity was clas-
sified as weak (+), moderate (++) or strong (+++).

RNA expression bioinformatics analysis. The data
obtained from The Cancer Genome Atlas (TCGA) and pro-
cessed by recount2 [22] were used for data analysis. Gene
countsfor all PCa cases were downloaded. The datainre-
count2 were processed with Rail-RNA [22]. Quality control
with density plots and box plots was performed to identify
that the selected samples had a similar distribution before
and after normalization. Additionally, a multidimensional
plot was performed to identify outlier samples.

Identification of differentially expressed genes.
The gene count data of the mRNA were analyzed on the
Galaxy web platform [23]. The data were normalized by li-
brary sizes using the trimmed mean of M-values method.

Genes without more than 1 count per million mapped
reads in atleast 50% of the samples were considered not
expressed and were filtered out. The limma-voom method
was used to identify the differentially expressed genes.

With the TCGA transcriptomics data, three different
comparisons were performed to identify the relevance
of CCRY7 expression in the molecular biology of PCa. First-
ly, the transcriptome of the tumor tissue from young people
(83 samples, < 55 years old) was compared against the
transcriptome of normal tissue from people in the same
age range (10 samples). Secondly, the transcriptome
of tumors from older individuals (49 samples, > 65 years
old) was compared against the transcriptome of normal
tissue from people in the same age range (14 samples).
Thirdly, the transcriptome of tumor tissue samples from
people of any age with metastasis (79 samples) was
compared against tumor tissue obtained from individu-
als of any age without metastasis (367 samples). Finally,
fold change (FC) and false discovery rate (FDR) values
for CCR7 were extracted for all three analyses. A priori,
it was defined that a gene is differentially expressed if the
linear FC is higher than the absolute value of 1.5 and the
FDRis lower than 0.05.

Statistical analysis. Univariate analysis was ap-
plied to determine distribution of clinical and pathologi-
cal findings. Chi-square test and Mann — Whitney test
were employed to determine statistically significant
differences between CCR7 and clinical and pathological
findings. p < 0.05 was considered statistically significant.
Statistical analysis was performed with the STATA 13.

RESULTS

A total of 23 samples of young PCa patients were
included (20 prostatectomy samples and 3 biopsies).
The demographic characteristics of our study population
are summarized in the Table. The median age of the pa-
tients was 50.8 years (range 46-55); their GS and AJCC
PCa staging are shown in the Table. Four patients were
of N1 status. The prostatectomies and the biopsies were
done in the National Cancer Institute, Bogota, Colombia.
Only two patients (GS 3) received a treatment before
prostatectomy (one patient with radiotherapy and the
other with leuprolide and bicalutamide).

The expression of CCR7 in malignant cells was ob-
servedin 15 cases (65%). The median age was 50.3 years
vs 51.6 years in CCR7 negative samples (n =8), as tumor
tissue of younger (< 50 years old) patients was mostly
positive for CCR7 staining (8/11; 72.7%). 12 cases had
weak (+) intensity and three moderate (++) intensity. High
grade GS (> 3) tumors were CCR7-positive in 71% cases.
Among the four patients with compromised lymph nodes,
CCR7 was positive in all cases. The malignant cells were
positive in the prostate and lymph nodes, two of which had
moderate intensity in the prostate and the lymph nodes
(the Figure).

In the analysis of the TCGA database, we did not find
differences among the CCR7 mRNA expression of tumor
tissue vs normal tissue in young patients (< 55 years old)
(FC=0.21,p=0.66), while in old patients (> 65 years old)
we observed differences (FC=-0.88, p=0.01) with lower
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Table. Clinicopathological features of PCa patients included in this study

CCRY positive

CCR7 negative

Variable (n = 15) (n=8) Total (n = 23) p
Age, median (years) (range) 50.3 (46—55) 51.6 (49-54) 50.8 (46—55) 0.31
PSA (ng/mL) before treatment 8.86 (2.73-99) 7.3 (4.3-39.2) 8.32(2.73-99) 0.31
GS group 0.35
1 4 5 9
2 6 1 7
3 2 2 4
4 2 0 2
5 1 0 1
AJCC PCa stage 0.24
1A 0 1 1
113} 7 5 12
1] 4 2 6
\% 4 0 4
Nodal stage 0.25
NO 0 0 0
N1 4 0 4

expression in tumor tissue. In addition, we observed that
high CCR7 expression was associated with the presence
of metastasis (FC =2.6, p=0.03) in the TCGA PCa cohort
(PRAD).

DISCUSSION

In the present study, we observed CCR7 expression
in 15 of 23 malignant prostate gland cells and in 100%
(4/4) of the metastatic cases, suggesting that CCR7 isin-
volved in the carcinogenesis of younger PCa patients. The
upregulation (FDR 2.3) of CCR7 inyoung PCa patients was
observed by Ding et al. [12] in a molecular study which
included 49 PCa patients, 24 of them young (38—-45 years
old) and 25 old (71-74), with the same GS of 7 (3+4) and
with T2a and T2c by the pathological stage. The PSA
range was 1.9-15.4 ng/mL and the samples included
different ethnic groups, comprising 88% whites, 4%
african americans, 4% hispanics and 4% asians. They
foundthat CCR7 andits ligands (CCL21 and CCL19) were
age-related differentially expressed genes and they are
involved in the inflammatory and immune related path-
ways. Also, it was observed in the molecular analysis that
CCRY7 is atarget of several genes upregulated in younger
PCa patients. In addition, Ding etal. [12] and our previous
study [13] found that mRNA hubs such as hsa-miR-142-
5p, hsa-miR-150-5p and hsa-miR-146b-3p were corre-
lated with CCR7 expression.

Both immunohistochemical study and bioinformatic
analysis showed that CCR7 was present in PCa cells and
non-tumor cells of the prostate. Ding etal. [12] also found
the similar result. One explanation is that tumor-induced
inflammation cannot be successfully resolved because
it is persistent chronic inflammation [12, 24]. Itis interest-
ing thatin the RNA expression results, in the PCa patients
over 65 years, a loss of CCR7 expression in malignant
cells was observed compared to non-tumor cells (FC =
-0.88,p=0.01).

In our analysis, we observed that expression
of CCRY7 is associated with metastasis (FC=2.6, p=0.03)
and itwas observed in metastatic malignant cells through
immunohistochemistry (the Figure). The mechanisms
related to CCR7 expression and metastasis are not fully
understood. Studies have shown that CCR7 could be ac-
tivated not only by pro-inflammatory mediators but also
by other signalling pathways as well. It has been proposed
that CCRY7 is associated with complex chemokine—che-

expression in malignant cells in prostate (+) (x10); c — CCR7 pro-
tein expression in metastatic malignant cells in lymph node (+)
(x40); d — CCRY7 protein expression in metastatic malignant
cells in lymph node (++) (x40)

mokine receptor interaction in the microenvironment
and is involved in several steps during the process of me-
tastasis (arrest, dissemination, extravasation, survival/
proliferation) under the control of the immune system
trafficking to the site of inflammation [25]. CCR7 affects
tumorvascularization by increasing expression of vascular
endothelial growth factors (VEGF-A, VEGF-C, VEGF-D),
which leads to angiogenesis and lymphangiogenesis [ 16].

In PCa cells, it has been observed that the expres-
sion of CCR7 is involved in their invasion and metastasis.
Maolake etal. [20] found that TNF-aleads to the induction
of CCR7 expression and the CCL21/CCR7 axis, which
might increase migration to lymph nodes. Du et al. [19]
observed that upregulation of Notch1 by CCR7 can
be associated with EMT and participate in invasion and
metastasis by activating mitogen activated protein kinase
(MAPK) and NF-kB signaling pathways [19]. Bao-Jin
et al. [26], on the other hand, detected that the silenc-
ing of CCR7 inhibits the growth, invasion and migration
of PCa cells induced by VEGF-C and also this silencing
may inhibit matrix metalloproteinase (MMP)-2 and MMP-
9 protein expression. Finally, Youlin et al. [27] found that
CCRY7, along with MMP-9 and Notch1, can be increased
by prostaglandin E2, a known member involved inimmune
responses inducing dendritic cell migration and homing
to draining lymph nodes.
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Chemokine receptors such as CCR7 activate intracel-
lular signaling pathways in tumor cells like PIBK/Akt, Jak/
STAT and MAPK/ERK [17]. As shown before, CCR7 may
induce growth, invasion and migration of PCa cells through
the MAPK pathway [19, 26, 27]. MAPKs comprise a family
of protein-serine/threonine kinases that are involved in the
different cellular processes, such as cell proliferation,
survival, death, differentiation, and transformation [28].
In PCa, the MAPK pathway is involved in apoptosis, surviv-
al, metastatic potential and androgen-independent growth
of PCa [28]. Interestingly, we previously observed that
the MAPK pathway is more overrepresented in younger
PCa patients than in older PCa patients (71-74 years
old) [13]. Our previous study also found that mMRNA hubs
suchas hsa-miR-142-5p, hsa-miR-150-5p and hsa-miR-
146b-3p were overexpressed in younger PCa patients and
these mRNA hubs were correlated with CCR7 expression,
and hsa-miR-142-5p and hsa-miR-146b-3p were also
correlated with MMP-9 expression [13]. MMP-9is in-
volved in proliferation, angiogenesis, EMT, apoptosis and
metastasis of PCa [29]. As shown by Bao-Jin et al. [26]
and Youlin et al. [27], CCRY interacts with MMP-9 and
this may be related to the growth, invasion and migration
of PCa cells.

Moreover, hypoxia is a common phenomenon
in human solid tumors and is related to the promotion
of angiogenesis, invasion and metastasis [30]. In PCa,
hypoxia promoted EMT, invasion, metastasis and resis-
tance to radiotherapy and chemotherapy [31-34]. The key
regulator under hypoxic conditions is hypoxia inducible
factor-1 (HIF-1) alpha that was observed upregulated
inthe early stage of PCa and subsequent down-regulation
at later metastatic stages [34]. In PCa, it was also ob-
served thatthe hypoxiaincreases CX3CR1 expression via
HIF-1 and NFkB [35]. It has been observed that hypoxia
induces CCRY7 expressionvia HIF-1 alphaand HIF-2 alpha
in differenttumors such as cancer of breast [36], lung [37],
head and neck [38] and ovary [39]. This interactionamong
hypoxia-HIF 1alpha-HIF2alpha-CCR7 was associated with
migration and invasion [37, 38]. This axis also was associ-
ated with the expression of pERK1/2, a member of MAPK/
ERK pathway [37].

The major limitation of this study is the small number
of young PCa patients; therefore, additional studies
in larger cohorts are needed to establish a relationship
linking CCR7 expression with carcinogenesis and me-
tastasis in PCa.

In the present study, we provide information that
the youngest PCa patients had higher CCR7 positiv-
ity in primary tumors suggesting that CCR7 is involved
in the early onset of the disease. In addition, we found
that CCR7 expression was correlated with lymph node
metastasis. Taken together, the previous studies support
our findings and suggest that CCR7 may participate in the
PCa metastasis, especially in early-onset of the disease.
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EKCMNPECISI XEMOKIHOBOIO (C-C MOTUB)
PELLEMTOPA 7 (CCR7) B KJIITUHAX 3JI0SKICHUX
NYXJIMH NEPEAMIXYPOBOI 3AJIO3U TA
B METACTA3AX Y XBOPUX MOJ1040r0O BIKY

P. Ilappa-Medina”*>, C. Ilaan-ITomec?, H.JI. Axocma-Beza’°,
C. Pamipec-Kaagixo’

'Vuigepcumem Pozapio, boeoma, Koaymbis
2Haykoeo-docaionuii incmumym, Yuieepcumemcvkuii poHo Hayk
npo 300poé’s, bocoma, Koaymbis
IBiddinennss namosnoeii, Hauionanvhuii incmumym paky,
boeoma, Koaymbis
*Hauionanvnuii ynieepcumem Koaymoii, Jla-Ilac, Koaymbis
*Ipyna 3 docaioxcensv Gionoeii paxy, Hauionanvhuii incmumym paky,
boeoma, Koaymbis

CtaH nuTaHHa: 3rifHO 3 OaHUMU NiTepaTypu, XeMOKIHOBUA
(C-C moTuB) peuentop 7 (chemokine (C-C motif) receptor 7 —
CCR7) 6epe y4acTb Y BUAHWMKHEHHI Ta Nporpecii Kinbkox TUMiB paky
LAAXOM perynsauii enitenianbHO-mMe3eHxiMaibHOro nepexony,
MeXaHi3MiB iHBagsii, aHrioreHe3y Ta MeTacTtadyBaHHs. OgHak posb
LbOro peLenTopa y BUHUKHEHHI Ta NPOrpecii paky nepeamixypo-
Boi 3ano3mn (PMN3) 3anuwaetbca HeBMBYeHO. MeTolo poboTu
Oyno ouiHntn ekcnpecito CCR7 B NyX/IMHHIN TKaHWHI XBOpKX Ta
BU3HAYUTL MOXJIMBUIA 3B’A30K 3 KJHIKO-MATOMOMYHUMKN Xapak-
Tepuctukamun PI3 xBopux Mosnogoro Biky. Marepiann ta me-
ToAm: [JOCNioKEHHSI NPOBEAEHO Ha 3pa3kax NyXJIMHHOI TKaHUHU
23 xBopwux Ha PI3 (<55 pokiB) peTpoCnekTnBHOI rpynu, ki 3Ha-
XOOMNNCH Ha NiKyBaHHI B HauioHanbHOMy iHCTUTYTI paky, boro-
Ta, Konymbisa. BusHnayeHHs exkcripecii CCR7 B Nyx/NHHIA TKaHU-
Hi NPOBOAMIIN IMYHOTICTOXIMIYHUM MeTOAOM. AHani3 ekcnpecii
CCR7 Ha TpaHCKpPUNTOMHOMY PiBHI NPOBEOEHO 3 BUKOPUCTAH-
HaMm 6a3u gaHnx TCGA. PeaynbTtaTu: Y xonj aHanisy pe3ynbrartis
iMYHOrICTOXIMIYHOIrO JOCHIIKEHHS GY10 BCTAHOB/IEHO HAsIBHICTb
ekcnpecii CCR7y 65,0% xsopux Ha PMN3. MNMpogeMoHCTpoBaHO
HasBHICTb ekcrnpecii y 72,7% nauieHTiB 3 PMN3 mMonoporo Biky
(< 50 pokiB), HOBOYTBOPEHHS SIKMUX XapaKTEPU3yBaINCs HU3bKUM
cTyneHem audepeHuiioBaHHsa 71% (Bucokuii 6an 3a [nicoHom).
Excnpecito CCR7 BusiBneHo y 100% 3pa3skiB nyxJIMHHOi TKaHWUHK
MeTacTasiB y perioHapHi nimgatnyHi By3nu. BioiHpopmatnyHui
aHania, NpoBeaeHnin 3 BUKOpUCTaHHAM 6a3n gaHux TCGA, nig-
TBEPAMB HASIBHICTb acOLaTUBHMX 3B’A3KIB MiXXK BUCOKVM PIBHEM
ekcnpecii Ta HasBHicTio MeTacTasiB (FC = 2,6, p = 0,03) y xBopux
Ha PMN3. BucHoBku: [Noka3aHo, o ekcnpecis CCR7 B MyX/IMHHIN
TKaHWHi XxBopux Ha PMN3 M0os1040r0 BiKy aCOLOETLCS 3 paHHIM NOo-
4YaTKOM 3axXBOPIOBAHHS, a TakoX Moxe OyTu noe’sidaHa 3 MeTa-
CTa3yBaHHAM Yy NiMdaTnyHi By3nu.

Kmoyosi cnosa: CCR-7, xeMOKiH, pak nepeamMixypoBoi 3asno-
31, PaHHIN NOYaTOK 3aXBOPIOBAHHS.



