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It is well known that interactions in the tumour microenvironment are very im-
portant in the progression of tumours. We investigated the relationship between
chemokine ligand type 12 (CXCL12), chemokine receptor type 4 (CXCR4) and
survival in advanced colorectal cancers (CRC).

Primary tumour samples of stage III-IV CRC patients were investigated for
CXCL12 and CXCR4.

Chemokine ligand type 12 and CXCR4 expressions were significantly associated
with poor prognostic factors (e.g. for CXCL12: lympbhatic invasion {p = 0.0091,
positive surgical margin {p = 0.006}, advanced stage {[p = 0.028}, etc.). Also,
these parameters were independent risk factors for low LIR (e.g. for CXCL12:
Odds ratio {OR} = 2.27, p = 0.001) and low tumour stroma-ratio (TSR; e.g. for
CXCL12: OR = 1.18, p = 0.003). In univariate analysis, 5-year RFS and OS were
poor (e.g. for CXCL12: RFS, p < 0.001 and OS, p = 0.001). Multivariate analysis
showed that these parameters were independent poor survival parameters for RFS and
OS (e.g. for CXCL12: Hazard ratio [HR} = 3.54 [CI: 1.52-4.67}, p = 0.001
and HR = 2.74 {1.48-4.71}1, p = 0.025).

We showed that CXCL12 and CXCR4 expressions are poor prognostic factors in
lymph node-positive CRC patients and are associated with low TSR and low LIR.
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treatment approaches recommend adjuvant chemo-
therapy as a standard for this patient population,
the absolute improvement in survival is less than 5%,
and some subpopulations in these patients may ben-

Introduction

Colorectal cancers (CRC) are one of the most com-
mon tumours with cancer-related deaths in both

sexes worldwide {11. Colorectal cancers cases mostly
admit to the hospital as an advanced stage. Although
results in CRCs have improved significantly with ad-
vances in treatment approaches and imaging meth-
ods, the 5-year survival rates in lymph node-positive
patients are still low {1, 2}. And although current
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efit from targeted therapies {2, 31. While the TNM
system suggests traditional pathological staging pa-
rameters when deciding on prognosis in these pa-
tients, their value alone in demonstrating direct out-
come and response to treatment is still limited {3, 4}.
Therefore, new prognostic markers are needed for
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better clinical management. Chemokines, tumour
microenvironment and local lymphocytic response
are among the most promising pathological parame-
ters in the literature.

Chemokine ligand type 12 (CXCL12), also known
as stromal-derived factor 1, is one of the most import-
ant chemokines belonging to the human chemokine
superfamily. It is genetically located at the 10q11.1
locus 15). Chemokine ligand type 12 is widely ex-
pressed by a large number of normal and tumoral
tissues such as B cells, endothelial cells, stromal fibro-
blasts, stem cells and many cancers {5, 6}. Chemo-
kine receptor type 4 (CXCR4) is the most common
chemokine receptor of CXCL12 in many cells. It is
genetically located at the 2q21 Jocus. The interactions
between CXCR4 and CXCL12 affect many biolog-
ical effects such as cell growth, differentiation and
angiogenesis in normal and tumoral tissues {5, 6}.
Chemokine ligand type 12 and CXCR4 expressions
have been identified in many types of cancer such as
CRC, breast cancer, gastric cancer, pancreatic cancer,
ovarian cancer, lung cancer, and squamous cell can-
cer {7, 8,9, 10, 11, 12, 13}. Also, the expressions
of these two parameters were found to be significant-
ly associated with metastases and poor overall and re-
lapse-free survival rates in many tumours {7, 8, 9, 10,
11, 12, 13}. In addition, recent studies have reported
that the CXCL12- CXCR4 pathway is closely related
to the initiation and progression of some tumours,
and inhibiting this pathway makes tumours more
susceptible to anticancer treatments {14]. However,
the exact role of these two parameters in the tumour
microenvironment and associated molecular mecha-
nisms remain unclear.

One of the most important factors in the tumour
microenvironment is the intratumoral stroma [15}.
It has been shown that many tumours with a large
intratumoral stroma, including CRC, have a worse
prognosis. It has also been reported that tumour
stroma may affect the response to adjuvant chemo-
therapy {15, 16, 17}. Therefore, evaluation of the tu-
mour-stroma ratio (TSR), defined as the microscopic
measurement of the intra-tumour stroma ratio in pri-
mary resection materials, can be a simple, successful
and reliable prognostic parameter. Another import-
ant factor in the tumour microenvironment is the lo-
cal inflammatory response (LIR). It is known that LIR
plays an important role in the production of chemo-
kines secreted during the growth, angiogenesis,
invasion and metastasis stages of cancer cells {18}.
With these expressed chemokines, inflammatory cells
in the tumour microenvironment can attack tumour
cells, produce different cytokines and consequent-
ly lead to tumour regression {19]. Many studies in
the literature have confirmed the prognostic value
of inflammatory cells for many tumours, including
CRC {18, 19, 20}. However, the complex interac-

tions between these parameters in the tumour micro-
environment are still not elucidated.

The aim of this study is to examine the relation-
ships between CXCL12, CXCR4, and survival in
advanced-stage CRC and to clarify the role of these
parameters in prognosis.

Materials and methods

This study was designed in accordance with
REMARK {21} recommendations.

Patients

Ethics committee approval was obtained from
Kirikkale University health research ethics commit-
tee for our study (2020.09.01), and all procedures
were carried out in accordance with the 1964 Hel-
sinki declaration and national and institutional eth-
ics committee standards.

This study was retrospective and was carried out
in Kirikkale University Faculty of Medicine, Depart-
ment of Pathology. All cases operated with the diag-
nosis of CRC between 2005 and 2015 were collect-
ed from the hospital electronic database. A total of
17 patients who died or recurred within 1 month af-
ter surgery, had more than one tumour and received
neoadjuvant therapy were excluded from the study.
Paraffin blocks and hematoxylin-eosin (HE) stained
slides of 355 cases were collected and all of the slides
were re-examined. Of these cases, 5 patients with
limited tumour tissue in paraffin blocks, 8 patients
with paraffin blocks could not be reached, and
72 patients with different tumour stages were
excluded from the study, and a total of 260 pa-
tients were included. In our study, 103 (39.6%)
of the population were female and 157 (60.4%)
were male. The median value of age was 69 (range:
37-92 years). Clinical, pathological and survival
data of the cases were obtained from the hospital da-
tabase. The prognostic parameters used in the study
were age, size, gender, localization, stage, perineural
invasion, lymphatic invasion, surgical margin, TSR,
LIR, tumour budding, and MSI status.

Methods

Paraffin blocks and HE stained preparations
of 260 patients stored at room temperature were
removed from the archive of the Department of Pa-
thology. Tumour blocks of the cases varied between 2
and 18. Hematoxylin and eosin stained preparations
of the cases were evaluated and a paraffin block with
the deepest tumour area was selected. Three sections
of 4-micron thickness were taken from the chosen par-
affin block. These sections were stained with CXC12,
CXCR4 and HE. The stained preparations were eval-
uated by two experienced pathologists (M.Z, O.0) in
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Fig. 1. Microscopic image samples of chemokine ligand type 12 (CXCL12), chemokine receptor type 4 (CXCR4), tumour
stroma-ratio (TSR) and local inflammatory response (LIR)

accordance with the guidelines of the American Joint
Cancer Classification Committee {22}, blindly from
the clinical and pathological information.

Evaluation of CXCL12 and CXCR4 was noted se-
mi-quantitatively on IHC stained slides using a con-
ventional microscope and an X 10 lens (Nikon Ec-
lipse E600, Switzerland). Initially, all sections were
scanned with an X 4 lens to determine the staining
distribution. Tumour glands showing cytoplasmic or
membranous staining, albeit focal and weak, were ac-
cepted as positive. If staining was common, an area
containing stromal and tumour tissue together was
selected to assess both TSR and LIR in the same area.
Care was taken to ensure that the tumour cells are
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in many borders of this field of view. If staining was
focal, the evaluation was made on this focal stained
area. Adenocarcinoma cells without a clearly stained
blue nucleus were omitted to avoid false immuno-
histochemical (IHC) staining. Finally, all cases were
divided into two groups as positive and negative.
Tumour stroma-ratio and LIR were evaluated se-
mi-quantitatively using an X20 lens on the HE sta-
ined sections. While evaluating LIR, recommendati-
ons of International Tumor-Infiltrating Lymphocytes
Working Group were taken into consideration {23}].
Multiples of five were used when recording the TSR,
e.g. 5%, 10%, 15%. Cases with more than 50 ly-
mphocytes for LIR and cases with more than 50%
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stroma for TSR were considered positive {24}]. Tu-
mour budding was defined as the presence of small
tumour cells in the invasive area of the tumour, and
cases with more than 10 tumour buds were classified
as positive {24}. Representative examples of research
are shown in Figure 1.

Follow-up of patients

The follow-up period of the cases was determined
as ten years. Survival and recurrence times were cal-
culated considering the day of surgery. All events
over 60 months were considered 60 months. Over-
all survival (OS) time was accepted as the time be-
tween the day of surgery and the day of death, and
the relapse-free survival (RFS) time was accepted
as the time between the day of surgery and the day
of local and regional recurrence.

Evaluation of reproducibility

Heterogeneity of tumours and interobserver agree-
ment were evaluated for reproducibility of histopatho-
logical parameters. Heterogeneity of tumours was
evaluated by Intra-Class Correlation (ICC), a ratio of vari-
ation calculated by differences between tumours {25}.
ICC ratio is expected to be high if it arises from in-
ter-tumour differences such as biological variation,
and low if it is derived from intra-tumour variability
such as heterogeneity. The agreement between the ob-
servers was evaluated by the kappa test (x). Kappa val-
ue is a variable ratio calculated by differences between
observers and classified according to the Landis {26}.

Immunohistochemical study

Two 4-micron sections from the paraffin blocks
of the tumours were taken on lysine slides. After dep-
araffinization and rehydration, sections were boiled in
a citrated buffer (pH = 8) for 10 minutes in the mi-
crowave to recover the antigen. To prevent endoge-
nous peroxidase activity, sections were kept in 0.3%
hydrogen peroxide-methanol solution for 10 minutes
at room temperature. Mouse monoclonal CXC12
(R&D systems, 1 : 60, clone: 79018) and mouse
monoclonal CXCR4 (R&D systems, 1 : 120, clone:
44716) were used for primary antibodies. These pri-
mary antibodies were incubated overnight at room
temperature. The secondary antibody (Dako) was
applied for one hour. Sections were then stained with
3,3’-diaminobenzidine (Dako) for 5 minutes. Finally,
sections were stained with hematoxylin (Merck, Ger-
many, Darmstadt) and covered with Pertex (Histo-
lab, Gothenburg Sweden).

Statistical analysis

Statistical variables were recorded as frequency,
percentage, standard deviation, range, and medi-

an. Univariate and multivariate analysis of prog-
nostic parameters were performed by Chi-square
test and Logistic regression test {95% CI and 1.0
odds ratio (OR)}. Spearman correlation test was
used when analyzing the correlation between es-
timates, and Wilcoxon Signed-Rank test was used
when analyzing the differences. As we mentioned
above, intra-tumour heterogeneity was investigat-
ed by ICC test and the inter-observer agreement
was investigated by the k test. Univariate and mul-
tivariate analysis of survival groups were analyzed
by Log-Rank test and Cox regression test {95% CI
and 1.0 hazard ratio (HR)}. Kaplan-Meier analysis
was used when presenting survival curves. Signifi-
cance limit for p values was accepted as 0.05. SPSS
21.0 (IBM Institute, North Castle, USA) was used
for analyzes.

Results

General features

The median value of tumour size was 6.50 (ran-
ge: 3-12 cm). Ninety-nine (38.0%) of the cases were
stage IV, 161 (62.0%) were stage I11. Sixty-eight sta-
ge IV patients had liver metastases. Tumours were
located in the right colon in 104 (40.0%) patients,
and in the left colon in 156 (60.0%) patients.

Histopathological examination

Expressions were heterogeneous and increased in
invasive areas. When categorical data were exam-
ined, there was a significant relationship between
these two parameters and poor prognostic parame-
ters (for CXCL12: lymphatic invasion {p = 0.0091},
positive surgical margin {p = 0.006}, advanced
stage {p = 0.028}, low LIR {p < 0.001}, low TSR
[p < 0.001}, high tumour budding {p < 0.002};
for CXCR4: lymphatic invasion {p = 0.007}, pos-
itive surgical margin {p = 0.003}, advanced stage
[p = 0.026}, low LIR {p < 0.0011, low TSR
[p < 0.0011, high tumour budding {p < 0.002).
In logistic regression analysis, CXCL12 and CXCR4
were found to be independent risk factors for LIR
(for CXCL12: OR = 1.18 {1.03-2.66}, p = 0.003;
CXCR4: OR = 1.22 {1.26-2.86}, p = 0.005)
and TSR (for CXCL12: OR = 2.27 {1.13-3.47},
p = 0.001; CXCR4: OR = 2.35 {1.18-3.54},
p = 0.001) (Tables I, II).

Analysis of reproducibility

When continuous data were examined, the analy-
sis of correlation (for CXCL12: r = 0.709, p < 0.001;
for CXCR4: r = 0.697, p < 0.001) and difference
(for CXCL12: d = 0.322, p < 0.001; for CXCR4:
d =0.338, p < 0.001) were well. When heterogeneity
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Table I. The relationship between CXCL12, CXCR4 and clinicopathological characteristics

PARAMETER CXCL12 CXCR4
PosITIvE NEGATIVE P-vALUE PosiTive NEGATIVE P-vALUE

Age 0.760 0.721
< 69 50 (40%) 54 (39%) 47 (41%) 57 (39%)
> 69 72 (60%) 84 (61%) 67 (59%) 89 (61%)

Gender 0.351 0.326
Female 52 (42%) 51 (36%) 49 (42%) 54 (36%)
Male 70 (58%) 87 (64%) 65 (58%) 92 (64%)

Size 0.530 0.380
< 6.5 cm 44 (36%) 55 (40%) 40 (35%) 59 (40%)
> 6.5 cm 78 (64%) 83 (60%) 74 (65%) 87 (60%)

Localization 0.286 0.540
Right 53 (43%) 51 (36%) 48 (42%) 56 (38%)
Left 69 (57%) 87 (64%) 66 (58%) 90 (62%)

Stage 0.028" 0.026"
Stage IV 55 (45%) 44 (31%) 52 (45%) 47 (32%)
Stage III 67 (55%) 94 (69%) 62 (55%) 99 (68%)

Perineural invasion 0.853 0.806
No 50 (40%) 55 (40%) 47 (41%) 58 (40%)
Yes 72 (60%) 83 (60%) 67 (59%) 88 (60%)

Lymphatic invasion 0.009" 0.007"
No 60 (49%) 46 (33%) 57 (50%) 49 (43%)
Yes 62 (51%) 92 (67%) 57 (50%) 97 (57%)

Surgical margin 0.006" 0.003*
Negative 61 (50%) 46 (33%) 58 (51%) 48 (32%)
Positive 61 (50%) 92 (67%) 56 (49%) 98 (68%)

LIR < 0.001" < 0.001"
Negative 62 (51%) 42 (30%) 60 (52%) 44 (30%)
Positive 60 (49%) 96 (70%) 54 (48%) 102 (70%)

TSR < 0.001" < 0.001"
Negative 58 (47%) 38 (27%) 55 (49%) 40 (27%)
Positive 64 (53%) 100 (73%) 59 (51%) 106 (73%)

Tumour budding 0.002* 0.002*
Negative 62 (51%) 45 (32%) 59 (51%) 48 (32%)
Positive 60 (49%) 93 (68%) 55 (49%) 98 (68%)

MSI Status 0.992 0.582
MMR-P 54 (44%) 61 (44%) 45 (39%) 50 (34%)
MMR-D 68 (56%) 77 (56%) 69 (61%) 76 (66%)

* P-values below 0.05 were considered statistically significant.

CXCL12 — chemokine ligand type 12; CXCR4 — chemokine receptor type 4; TSR — tumour stroma-ratio; LIR — local inflammatory response; MSI — microsatellite
instability; MMR-D — mismatch repair proteins deficiency; MMR-P — mismatch repair proteins proficiency

was examined, it was seen that most of the variation accounts for 68.4% of the total heterogeneity. Also,
was due to biodiversity between different tumours. the results of the interobserver agreement were clin-
For example, the ICC value of 0.684 in Table III ically useful (for CXCL12: x = 0.71; for CXCR4:
means that the variation between different tumours k = 0.69 (Table III).
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Table II. Regression analysis between CXCL12, CXCR4 and clinicopathological features

CXCL12 CXCR4

OR (95% CI) P-value OR (95% CI) P-value
Lymphatic invasion 1.77 (0.78-5.12) 0.164 2.61(0.79-4.53) 0.229
Surgical margin 1.56 (0.55-3.98) 0.657 1.78 (0.73-4.35) 0.458
Stage 2.77 (0.96-5.78) 0.092 2.67 (0.98-5.43) 0.076
LIR 2.27 (1.13-3.47) 0.001* 2.35(1.18-3.54) 0.001*
TSR 1.18 (1.03-2.66) 0.003* 1.22 (1.26-2.86) 0.005%
Tumour budding 2.46 (0.89-9.53) 0.112 2.97 (0.91-8.36) 0.080

* P-values below 0.05 were considered statistically significant.

CXCLI12 — chemokine ligand type 12; CXCR4 — chemokine receptor type 4; TSR — tumonr stroma-ratio; LIR — local inflammatory response; OR — odds ratio;

CI — confidence interval

Table III. Reproducibility of the study

CORRELATION DIFFERENCE ICC (95% CI) KAPPA VALUES
CXCL12 0.709, p < 0.001 0.322, p < 0.001 0.692 (0.556-0.784) 0.71
CXCR4 0.697, p < 0.001 0.338, p < 0.001 0.676 (0.569-0.756) 0.69

* P-values below 0.05 were considered statistically significant.

CXCLI12 — chemokine ligand type 12; CXCR4 — chemokine recepror type 4; 1CC — intra-class correlation coefficient; CI — confidence interval

Follow-up

During our study, two hundred and nine patients
died (CXCL12 positive, n = 143; CXCR4 positi-
ve, n = 141), and two hundred eighteen patients
relapsed (CXCL12 positive, n = 151; CXCR4 posi-
tive, n = 148). The 5-year RFS and OS rates were
12% and 15% in CXCL12 cases, 10% and 15% in
CXCR4 cases (Table IV).

Survival analyses

In univariate survival analysis, there was a signifi-
cant relationship between CXCL12 (RFS, p < 0.001;
OS, p = 0.001) and CXCR4 (RFS, p < 0.001; OS,
p = 0.001). In multivariate survival analysis, these
two parameters have an independent poor survival
parameter for RFS (for CXCL12: HR = 3.54 [CI:
1.52-4.671, p = 0.001; for CXCR4: HR = 3.45
[CI: 1.48-4.771, p = 0.003) and OS (for CXCL12:
HR = 2.74 {1.48-4.71}, p = 0.025; for CXCR4:
HR = 2.84 {1.42-4.68}, p = 0.023). Tumour stro-
ma-ratio, LIR, and surgical margin were the other
independent poor prognostic parameters (Table IV,
Fig. 2).

Discussion

In this study, we investigated the role of CXCL12
and CXCR4 on survival in advanced CRC cases. We
found that these two parameters could be a reliable
marker in determining patients with poor prognosis
in CRC. We also found that these parameters are re-
lated to TSR and LIR.

Tumour tissue communicates with each other
through a mixed signalling system called chemok-
ines. Chemokines control lymphoid organ develop-
ment and immune cell activity in normal tissues {27].
In the tumour microenvironment, they are expressed
by immune and stromal cells and are responsible
for cell migration and cell-cell interaction. In other
words, they regulate the proliferation, invasion, an-
giogenesis and metastasis of tumour cells {27, 28}.
On the other hand, tumour cells also secrete chemok-
ines that increase their division and therefore growth.
Namely, cancer and host cells in the tumour micro-
environment induce the release of many different
chemokines, leading to the migration and activa-
tion of different cell types, leading to antitumor and
pro-tumour responses {28, 291. In this study, we
studied one of the most promising of these chemok-
ines in terms of prognostic parameters, CXCL12 and
its receptor CXCR4.

Since tumour cells proliferate rapidly, they must
accelerate vascular invasion and neoangiogenesis to
provide the necessary oxygen and nutrients. There-
fore, vascular invasion and angiogenesis are the most
important steps in tumour progression {30}. Chemo-
kines and their receptors play an important role in
these processes. The strongest angiogenic chemok-
ine is CXCL4 and its ligand is CXCR12. Chemokine
receptor type 4 stimulates angiogenesis by activat-
ing VEGF, thereby increasing the vascular invasion
of tumour cells {30, 31}. Also, CXCL12 affects these
processes by stimulating the migration of angiogenic
factor-producing leukocytes into the tumour micro-
environment {32, 33}. In this study, we found that
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Table IV. Univariate and multivariate survival analysis

UNIVARIABLE ANALYSIS

MULTIVARIABLE ANALYSIS

(ON}

RFS

(0N}

RFS

P-vALUE
(5-YEAR SURVIVAL,%)

P-vALUE

(5-YEAR SURVIVAL, %)

P-vALUE

(HR 95% CI)

P-vALUE

(HR 95% CI)

Age 0.312 0.227 NC NC
< 69 45 47
> 69 24 25

Gender 0.472 0.379 NC NC
Female 44 46
Male 25 26

Size 0.571 0.453 NC NC
<65 43 45
>6.5 27 27

Localization 0.496 0.363 NC NC
Right 44 46
Left 26 26

Stage 0.427 0.312 NC NC
Stage 111 43 45
Stage II1 25 25

Lymphatic invasion 0.196 0.106 NC NC
No 47 48
Yes 23 24

Perineural invasion 0.529 0.464 NC NC
No %42 %44
Yes %24 %26

Surgical Margin 0.003* 0.001%* 0.011%* 0.002%*
Negative 51 53 2.64 2.17
Positive 15 13 (1.15-4.47) (1.18-3.96)

TSR 0.009* 0.004* 0.037%* 0.026%*
Negative 50 50 2.11 2.28
Positive 16 14 (1.21-4.46) (1.28-4.63)

LIR 0.005* 0.001%* 0.028%* 0.016%
Negative 51 52 2.76 3.19
Positive 15 12 (1.32-4.55) (1.49-4.64)

Tumour budding 0.102 0.096 NC NC
Negative 49 48
Positive 20 21

MSI 0.852 0.798 NC NC
MMR-P 54 43
MMR-D 22 10

CXCL12 0.001%* < 0.001%* 0.025% 0.001%*
Negative 54 53 2.74 3.54
Positive 15 12 (1.48-4.71) (1.52-4.67)
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Table IV. Cont.

UNIVARIABLE ANALYSIS MULTIVARIABLE ANALYSIS
(ON) REFS (ON) RFS
P-vALUE P-vALUE P-vALUE P-vALUE
(5-YEAR SURVIVAL,%)  (5-YEAR SURVIVAL,%) (HR 95% CI) (HR 95% CI)
CXCR4 0.001%* < 0.001%* 0.023%* 0.003%*
Negative 53 54 2.84 3.45
Positive 15 10 (1.42-4.68) (1.48-4.77)

* P-values below 0.05 were considered statistically significant.

CXCLI12 — chemokine ligand type 12; CXCR4 — chemokine receptor type 4; TSR — tumonr stroma-ratio; LIR — local inflammatory response; MSI — microsatellite
instability: MMR-D — mismatch repair proteins deficiency; MMR-P — mismatch repair proteins proficiency; HR — hazard ratio; Cl — confidence interval; NC — not
calculable
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Fig. 2. Survival curves of CXCL12 and CXCR4. Kaplan-Meier survival curves of CXCL12 (A, B) and CXCR4 (C, D)

P-values below 0.05 were considered statistically significant

CXCL12 — chemokine ligand type 12; CXCR4 — chemokine receptor type 4
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these two parameters were significantly associated
with vascular invasion. This finding is invaluable and
can guide targeted therapies. For example, the pro-
liferation of tumours can be limited by the CXCL12
or CXCR4 antagonists. Success can be achieved with
further studies on this subject.

The CXCL12-CXCR4 axis plays an important
role in organ targeted metastasis. CXCL12 is nor-
mally expressed in lung, bone, liver and lymph nodes
and these organs are prominent in metastases. In tu-
mour cells, CXCL12 and its receptor CXCR4 control
chemotaxis, migration and metastasis. For example,
studies have shown that anti-CXCR4 antibodies re-
duce tumour extravasation and metastasis [34}. Also,
the CXCR4/CXCL12 axis has been reported to play
a role in prostate cancer, melanoma and colorectal
cancer liver metastases {35, 36}. In addition, block-
ing this axis has been shown to prevent metastasis to
the lungs in breast cancer patients [37}. Moreover,
increased CXCR4 expression has been shown to in-
crease the risk of liver metastasis in primary breast
cancer patients with axillary lymph node metastasis
[34, 371. In our study, we found that these two pa-
rameters were higher in patients with distant organ
metastasis. This finding may guide target therapies.
For example, specific metastases can be reduced or
limited with anti-CXCR4 and anti-CXCL12 anti-
bodies. Further studies are needed on this subject.

Leukocytes facilitate the recruitment of cell types
specific to the tumour microenvironment with
chemokine receptors, thereby providing an appro-
priate and effective immune response {33}]. In gen-
eral, the presence of leukocytes is assumed to be
a manifestation of an effective immune response,
although it is unclear whether this reflects differ-
ent tumour biology or specific host properties. It is
known that the infiltration of inflammatory cells is
associated with survival in CRC tumours {33, 29}.
For example, in CRC patients, whether in tumour
stroma or cancer cell nests, a strong T cell infiltra-
tion is consistently associated with cancer-specific
prognosis, regardless of nodal state and stage. That
is, a massive T-cell infiltration, indicative of a co-
ordinated adaptive immune response, appears to
be one of the most important factors in predicting
the outcome for patients resected for CRC {38}. In
this study, we found that LIR was significantly lower
in tumours expressing CXCL12 and CXCR4. This
finding suggests that tumours use chemokines for
progression. It also points out that these pathways
can be used in treatment. We hope that larger stud-
ies will contribute to this issue.

Stromal cells around the tumour play a central
role in the invasion-metastasis cascade, where cancer
cells detach from the primary tumour, invade the sur-
rounding stroma, penetrate the blood vessel wall, and
move with the bloodstream to form a distant metas-
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tasis {16}. This stromal host tissue changes in a com-
plex way during the progression of cancer cells. Also,
these stromal cells play a key role in the growth, pro-
gression, and metastasis of cancer cells by producing
various chemokines {16, 29}. Tumour stroma-ratio is
an estimate of the ratio of tumoral and stromal cells.
It has been reported in the literature that increasing
tumour stroma increases the epithelial-mesenchymal
transition (migration of the tumour to normal tis-
sue), facilitates invasion into surrounding tissues, and
leads to aggressive behaviour {39, 40}. Many studies
of CRC have identified TSR as an independent prog-
nostic marker and associated high amounts of stroma
with adverse outcome. Also, it has been reported that
the stroma of the tumour may affect the response to
chemotherapy {39, 40]. On the other hand, the in-
crease in immature stroma has been associated with
tumour budding, which is known as an indicator
of epithelial-mesenchymal transition {24}. In this
study, we found that the rate of stroma was signifi-
cantly higher in tumours expressing CXCL12 and
CXCRA4. This finding indicates that the metastasis
stages of the tumours are related to chemokines. It
also shows that these pathways can be useful in tar-
geted therapies.

This research has many strengths. We tried to
shed light on the tumour microenvironment stud-
ied in many studies. For this, we examined the rela-
tionship between reliable parameters associated with
the tumour microenvironment. We conducted our
study in a very homogeneous population. And we
carried out our work in accordance with REMARK
recommendations.

The limitations of our study are as follows. All ret-
rospective studies have an internal limitation. In oth-
er words, it is not possible to overcome sampling bias.
We know that the area we are evaluating is a small
part of the tumour. Since our cases are treated ac-
cording to the approaches before 2015, there may be
differences according to the current treatment pro-
tocols.

In conclusion, in this study, we showed that
CXCL12 and CXCR4 are poor survival factors in pa-
tients with lymph node-positive CRC and are associ-
ated with TSR and LIR. According to our findings,
these parameters can be powerful biomarkers that
can be easily used to improve risk stratification in
daily practice. Also, these biomarkers can play a key
role in understanding the tumour microenvironment
and can guide target therapies.

We would like to thank the personnel of the Department
of Pathology and Department of Surgery for their sincere
support and assistance during the study.

The authors declare no conflict of interest.



CXCL12 AND CXCR4 AS SURVIVAL PREDICTORS IN COLORECTAL CANCER

References

1

10.

. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA

Cancer J Clin 2019; 69: 7-34.

. Dekker E, Tanis PJ, Vleugels JLA, et al. Colorectal cancer. Lan-

cet 2019; 394: 1467-1480.

. Sanchez-Gundin J, Fernandez-Carballido AM, Martinez-

Valdivieso L, et al. New trends in the therapeutic approach to
metastatic colorectal cancer. Int J Med Sci 2018; 15: 659-665.

. Van Cutsem E, Cervantes A, Nordlinger B, et al. Metastatic

colorectal cancer: ESMO Clinical Practice Guidelines for diag-
nosis, treatment and follow-up. Ann Oncol 2014; 25 (Suppl. 3):
1ii1-1ii9.

.Guo F, Wang Y, Liu J, et al. CXCL12/CXCR4: a symbiotic

bridge linking cancer cells and their stromal neighbors in onco-
genic communication networks. Oncogene 2016; 35: 816-826.

. Sun X, Cheng G, Hao M, et al. CXCL12 / CXCR4 / CXCR7

chemokine axis and cancer progression. Cancer Metast Rev
2010; 29: 709-722.

.Hu TH, Yao Y, Yu S, et al. SDF-1/CXCR4 promotes epitheli-

al-mesenchymal transition and progression of colorectal cancer
by activation of the Wnt/beta-catenin signaling pathway. Can-
cer Lett 2014; 354: 417-426.

.Liu F, Lang R, Wei J, et al. Increased expression of SDF-1/

CXCR4 is associated with lymph node metastasis of invasive
micropapillary carcinoma of the breast. Histopathology 2009;
54: 741-750.

. Xie S, Zeng W, Fan G, et al. Expression of CXCR4 and its li-

gand SDF-1 in intestinal-type gastric cancer is associated with
lymph node and liver metastasis. Anticancer Res 2009; 29:
4751-4758.

Liang JJ, Zhu S, Bruggeman R, et al. High levels of expres-
sion of human stromal cell-derived factor-1 are associated with
worse prognosis in patients with stage II pancreatic ductal ad-
enocarcinoma. Cancer Epidemiol Biomarker Prev 2010; 19:
2598-2604.

11.Jiang Y, Wu X, Shi B, et al. Expression of chemokine CXCL12

12.

13.

14.

15.

16.

17.

18.

19.

20.

and its receptor CXCR4 in human epithelial ovarian cancer:
an independent prognostic factor for tumor progression. Gy-
necol Oncol 2006; 103: 226-233.

Dong P. Effect of CXCL12/CXCR4 on increasing the metastat-
ic potential of non-small cell lung cancer in vitro is inhibited
through the downregulation of CXCR4 chemokine receptor
expression. Oncol Lett 2014; 7: 941-947.

Tan CT, Chu CY, Lu YC, et al. CXCL12/CXCR4 promotes
laryngeal and hypopharyngeal squamous cell carcinoma me-
tastasis through MMP-13-dependent invasion via the ERK1/2/
AP-1 pathway. Carcinogenesis 2008; 29: 1519-1527.

Duda DG, Kozin SV, Kirkpatrick ND, et al. CXCL12
(SDF lalpha)-CXCR4/CXCR7 pathway inhibition: an emerg-
ing sensitizer for anticancer therapies? Clin Cancer Res 2011;
17: 2074.

Quail DF, Joyce JA. Microenvironmental regulation of tumour
progression and metastasis. Nat Med 2013; 19: 1423-1437.
Pietras K, Ostman A. Hallmarks of cancer: interactions with
the tumour stroma. Exp Cell Res 2010; 316: 1324-1331.
Park JH, Richards CH, McMillan DC. The relationship be-
tween tumour stroma percentage, the tumour microenviron-
ment and survival in patients with primary operable colorectal
cancer. Ann Oncol 2014; 25: 644-651.

Dupre A, Malik HZ. Inflammation and cancer: What a surgi-
cal oncologist should know. Eur J Surg Oncol 2018; 44: 566-570.
Galon J, Pages F, Marincola FM, et al. Cancer classification
using the Immunoscore: a worldwide task force. J Transl Med
2012; 10: 205.

Mei Z, Liu Y, Liu C, et al. Tumour-infiltrating inflammation
and prognosis in colorectal cancer: systematic review and me-
ta-analysis. Br J Cancer 2014; 110: 1595-1605.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

McShane LM, Altman DG, Sauerbrei W, et al. REporting
recommendations for tumour MARKer prognostic studies
(REMARK). Br J Cancer 2005; 93: 387-391.

Sobin LH, Compton CC. TNM seventh edition: what’s new,
what’s changed: communication from the International
Union Against Cancer and the American Joint Committee on
Cancer. Cancer 2010; 116: 5336-5339.

Salgado R, Denkert C, Demaria S, et al. The evaluation of tu-
mor-infiltrating lymphocytes (TILs) in breast cancer: Recom-
mendations by an International TILs Working Group 2014.
Ann Oncol 2015; 26: 259-271.

Zengin M. Tumour budding and tumour stroma ratio are reli-
able predictors for death and recurrence in elderly stage I colon
cancer patients. Pathol Res Pract 2019; 215: 152635.
McGraw KO. Forming inferences about some intraclass cor-
relation coefficient. Psychol Methods 1996; 1: 30-46.

Landis JR, Koch GG. The measurement of observer agree-
ment for categorical data. Biometrics 1977; 33: 159-174.

Le Y, Zhou Y, Iribarren P. Chemokines and chemokine recep-
tors: their manifold roles in homeostasis and disease. Cell Mol
Immunol 2004; 1: 95-104.

Burns JM, Summers BC, Wang Y, et al. A novel chemokine
receptor for SDF-1 and I-TAC involved in cell survival, cell ad-
hesion, and tumor development. J Exp Med 2006; 203: 2201-
2213.

Burger JA, Kipps TJ. CXCR4: a key receptor in the crosstalk
between tumour cells and their microenvironment. Blood
2006; 107: 1761-1767.

CaoY, Chen C, Weatherbee JA, et al. gro-B, a CXC chemokine,
is an angiogenesis inhibitor that suppresses the growth of Lew-
is lung carcinoma in mice. J Exp Med 1995; 182: 2069-2077.
Salcedo R, Wasserman K, Young HA, et al. Vascular endo-
thelial growth factor and basic fibroblast growth factor induce
expression of CXCR4 on human endothelial cells: in vivo neo-
vascularization induced by stromal-derived factor-lalpha. Am
J Pathol 1999; 154: 1125-1135.

Tachibana K, Hirota S, Lizasa H, et al. The chemokine recep-
tor CXCRA4 is essential for vascularization of the gastrointesti-
nal tract. Nature 1998; 393: 591-594.

Baggiolini M. Chemokines and leukocyte traffic. Nature 1998;
392: 565-568.

Hassan S, Buchanan M, Kahan J, et al. CXCR4 peptide an-
tagonist inhibits primary breast tumor growth, metastasis and
enhances the efficacy of anti-VEGF treatment or docetaxel in
a transgenic mouse model. Int J Cancer 2011; 129: 225-232.
Conley-LaComb MK, Semaan L, Singareddy R, et al. Pharma-
cological targeting of CXCL12/CXCR4 signaling in prostate
cancer bone metastasis. Mol Cancer 2016; 15: 68.

Kim J, Mori T, Chen SL, et al. Chemokine receptor CXCR4 ex-
pression in patients with melanoma and colorectal cancer liver
metastases and the association with disease outcome. Ann Surg
2006; 244: 113-120.

Gil M, Seshadri M, Komorowski MP, et al. Targeting CXCL12/
CXCR4 signaling with oncolytic virotherapy disrupts tumor
vasculature and inhibits breast cancer metastases. Proc Natl
Acad Sci U S A 2013; 110: E1291-300.

Zengin M. Prognostic role of tumor-infiltrating T lymphocytes
in stage IIA (T3NO) colon cancer: A broad methodological
study in a fairly homogeneous population. Ann Diagn Pathol
2019; 41: 69-78.

Mesker WE, van Pelt GW, Tollenaar RAEM. Tumor stroma
as contributing factor in the lymph node metastases process?
Oncotarget 2019; 10: 922-923.

Smit M, van Pelt G, Roodvoets A, et al. Uniform Noting for In-
ternational Application of the Tumor-Stroma Ratio as an Easy
Diagnostic Tool: Protocol for a Multicenter Prospective Cohort
Study. JMIR Res Protoc 2019; 8: 13464.

337



MEHMET ZENGIN, NEVRA DURSUN, KEMAL BEHZATOGLU, ET AL.

Address for correspondence

Mehmet Zengin

Kirikkale University Faculty of Medicine
Department of Pathology

Kirikkale, Turkey

e-mail: mz1379@hotmail.com

338



