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Abstract
Background The CXCL12-CXCR4 chemokine axis plays an
important role in cell trafficking as well as in tumor progres-
sion. In colorectal cancer (CRC), the chemokine receptor
CXCR4 has been shown to be an unfavorable prognostic factor
in some studies, however, the role of its activated
(phosphorylated) form, pCXCR4, has not yet been evaluated.
Here, we aimed to investigate the prognostic value of CXCR4
and pCXCR4 in a large cohort of CRC patients.
Patients and methods A tissue microarray (TMA) of 684 pa-
tient specimens of primary CRCs was analyzed by immuno-
histochemistry (IHC) for the expression of CXCR4 and
pCXCR4 by tumor cells and tumor-infiltrating immune cells
(TICs).
Results The combined high expression of CXCR4 and
pCXCR4 showed a favorable 5-year overall survival rate
(68%; 95%CI = 59–76%) compared to tumors showing a high
expression of CXCR4 only (48%; 95%CI = 41–54%). High
expression of pCXCR4 was significantly associated with a
favorable prognosis in a test and validation group (p = 0.015
and p = 0.0001). Moreover, we found that CRCs with a high

density of pCXCR4+ tumor-infiltrating immune cells (TICs)
also showed a favorable prognosis in a test and validation
group (p = 0.054 and p = 0.004). Univariate Cox regression
analysis for TICs revealed that a high density of pCXCR4+
TICs was a favorable prognostic marker for overall survival
(HR = 0.97,95%CI = 0.96–1.00; p = 0.01). In multivariate
Cox regression survival analyses a high expression of
pCXCR4 in tumor cells lost its association with a better over-
all survival (HR = 0.99; 95%CI = 0.99–1.00, p = 0.098).
Conclusion Our results show that high densities of CXCR4 and
pCXCR4 positive TICs are favorable prognostic factors in CRC.
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1 Introduction

Colorectal cancer (CRC) is the second most common cause of
cancer mortality in developed countries [1]. While surgical
tumor resection remains the cornerstone therapy for localized
CRC, adjuvant therapy is recommended for patients with lo-
cally advanced stages and palliative systemic therapy for pa-
tients with metastatic disease [2]. The selection for adjuvant
chemotherapy is largely based on clinical criteria such as tu-
mor nodemetastasis (TNM) classification and other histopath-
ological factors. However, these clinico-pathological features
alone may inadequately predict cancer aggressiveness [3, 4].
Therefore, several prognostic and predictive biomarkers have
been studied to improve prognostic information and patient
selection for adjuvant treatment [5, 6]. Numerous studies have
conclusively shown that microenvironmental factors are cru-
cial for CRC development and progression [7, 8] and also
highlight the role of chemokines in tumor invasion and cancer
metastasis [9]. As metastatic disease dramatically decreases
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survival [10], it is pivotal to continue evaluating the prognos-
tic value of chemokines in CRC.

The chemokine CXCL12 and one of its receptors, CXCR4,
have been shown to play key roles in the tumor-stromal com-
munication affecting cancer growth, angiogenesis and metas-
tasis formation [11]. CXCR4 expression has been linked to
cancer progression and metastasis in hematopoietic as well as
in various non-hematopoietic malignancies [9, 12, 13]. It has
also been reported as a prognostic marker in cancers of differ-
ent origin [14–16]. Its interaction with CXCL12 is thought to
play an important role in tumor proliferation, invasion, lymph
node homing and metastatic progression. After binding by the
corresponding ligand CXCL12, CXCR4 is phosphorylated
[17]. Since the phosphorylated form of CXCR4 (pCXCR4)
plays the biologically active role, the analysis of CXCR4 ex-
pression alone appears to be insufficient to support its func-
tional role in cancer metastasis.

Literature regarding the prognostic role of CXCR4 is rela-
tively vague. Some studies have shown that high CXCR4
expression in CRC patients correlates with an advanced tumor
stage [18], an increased risk for recurrence and distant metas-
tasis [19–21] and a poor overall survival [22]. A recent meta-
analysis concluded that there is a significant association be-
tween CXCR4 expression and poor survival [23]. However,
most studies have included small numbers of patients and
have presented important methodological differences. On the
other hand, there are also studies that failed to observe signif-
icant correlations between CXCR4 expression and metastasis
[24] and/or overall survival [17, 25].

pCXCR4 expression has been reported to have a prognos-
tic value superior to that of CXCR4 expression in breast can-
cer [26]. Interestingly, there is a lack of data regarding the
prognostic significance of pCXCR4 in CRC. In addition, most
studies have only evaluated CXCR4 expression on tumor
cells, while its expression on tumor-infiltrating immune cells
(TICs) has not been thoroughly investigated.

The purpose of our study was to comparatively investigate
the prognostic value of CXCR4 and pCXCR4 expression in a
large cohort of CRC patients. In addition to CXCR4/pCXCR4
expression by the tumor cells, we also assessed the relevance
of CXCR4/pCXCR4 positive TICs.

2 Materials and methods

2.1 Tissue microarray construction

684 unselected, non-consecutive, clinically annotated, prima-
ry CRC specimens were included in a tissue microarray
(TMA) following approval by the local ethics committee.
Formalin-fixed, paraffin-embedded (FFPE) tissue blocks were
prepared according to standard procedures. Tissue cylinders
wi th a diameter of 0.6 mm were punched from

morphologically representative areas of each donor block
and brought into one recipient paraffin block (30 × 25mm),
using a semi-automated tissue arrayer. Each punch was made
from the center of the tumor to enable each TMA spot to
include at least 50% tumor cells.

2.2 Clinico-pathological features

Clinico-pathological data were collected retrospectively in a
non-stratified and non-matched manner. Annotation included
patient age and gender, tumor diameter, location, pT/pN stage,
grade, histologic subtype, vascular invasion, border configu-
ration, presence of peritumoral lymphocytic inflammation at
the invasive tumor front and disease-specific survival. Tumor
border configuration and peritumoral lymphocytic inflamma-
tion were evaluated using the original H&E slides of the re-
section specimens corresponding to each TMA punch.

2.3 Immunohistochemistry

Staining protocols for the primary antibodies directed against
CXCR4 (Abcam, ab2074; 1:50) and pCXCR4 (Abcam,
ab74012; 1:200) were performed as recommended by the man-
ufacturers, including positive control tissue samples exactly as
previously described [27]. Immunohistochemistry was per-
formed using the automated staining system Benchmark XT
(Roche/Ventana Medical Systems, Tuscon, AZ).

2.4 Evaluation of immunohistochemistry

Immunohistochemical readings were performed by two
trained research fellows [F.R. and I.F] and data were indepen-
dently validated by an additional investigator [L.T.].
Histoscores for tumor cells were obtained by multiplying per-
centages positive cells by stain intensities (0 = negative,
1 = weak, 2 = moderate, 3 = strong). TICs were counted for
each punch (approximately one high power [20×] field).

2.5 Statistical analysis

All statistical analyses were performed using STATA software
version 13 (StataCorp, College Station, TX, USA).
Associations with survival were explored using the Cox pro-
portional hazards regression model. Cut-off values used to
classify CRC with low or high immune cell infiltrations were
obtained using median values. Therefore, threshold values for
CXCR4 and pCXCR4 positivity in TICs were 23 and 2 cells/
TMA-punch and 100 and 0 for CXCR4 and pCXCR4 for
histoscores, related to tumor expression, respectively. Chi-
square, Fisher’s exact, and Kruskal-Wallis tests were used to
determine associations between CXCR4 and pCXCR4 posi-
tivity and clinico-pathological features.
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For survival analysis, the study population was randomly
assigned to test and validation groups. Univariate survival
analysis was performed by Kaplan-Meier and log rank tests.
Further analysis included four combinations of CXCR4 and
pCXCR4 positivity: CXCR4−/pCXCR4-, CXCR4+/
pCXCR4-, CXCR4−/pCXCR4+ and CXCR4+/pCXCR4 + .

The assumption of proportional hazards was verified for all
markers by analyzing correlation of Schoenfeld residuals and
ranks of individual failure times. Any missing clinico-
pathological information was assumed to be missing at ran-
dom. Subsequently, CXCR4 and pCXCR4 data were entered
into multivariate Cox regression analysis and hazard ratios
(HR), and 95% confidence intervals (CI) were used to deter-
mine prognostic effects on survival time. P-values < 0.05 were
considered statistically significant.

3 Results

3.1 Patient and tumor characteristics

Tissue samples from a total of 684 CRC patients were ana-
lyzed. The median age was 70 years (range: 30–95) and
53.2% of the patients were female. In 69.3% of the patients
CRC was located in the left hemicolon and in the remaining
30.4% in the right hemicolon. The TMA included 600 mis-
match repair (MMR)-proficient CRC specimens and 84
MMR-deficient CRC specimens (12.3%), as identified by
MLH1, MSH2 and MSH6 expression analysis [28]. The me-
dian overall survival was 55 months (range 0–151) and the 5-
year overall survival rate was 53.7 (95% CI = 49.8–57.4).
Losses due to missing information or miscarried TMA
punches usually represented about 15% of the data (Table 1).

3.2 CXCR4 and pCXCR4 expression in CRC surgical
specimens

The expression of CXCR4 and pCXCR4 in tumor cells and in
TICs was highly variable. Representative examples of negative
and positive CXCR4/pCXCR4 tumor cells and TICs are pre-
sented in Fig. 1. Expectably, only a fraction of CXCR4+ cells
showed evidence of receptor phosphorylation. Themean values
for CXCR4 and pCXCR4 histoscores were 154.6 (± 98.7) and
31.7 (± 62.4), respectively. For TIC density, the corresponding
numbers were 76.3 (±153.2) and 5.1 (±10.2), respectively.

High correlation coefficients were observed between
CXCR4+ and pCXCR4+ immune cell infiltration (rs = 0.363,
p < 0.001) and CXCR4 and pCXCR4 histoscores (r

s
= 0.264,

p < 0.001), thus confirming the integrity of our measurements.
More importantly, pCXCR4 histoscore and pCXCR4+ im-
mune cell infiltration were also significantly correlated
(rs = 0.244, p < 0.001), suggesting that the CXCL12 ligand
may be active in the tumor microenvironment on both tumor

and infiltrating immune cells. Instead, we found that CXCR4+
histoscore and CXCR4+ immune cell infiltration were poorly
correlated (rs = 0.121).

Table 1 Clinico-pathological characteristics of the overall CRC patient
cohort (n = 684*)

Characteristics N or mean (% or range)

Age, years (median, mean) 70, 69.2 (30–95)

Tumor size in mm (median, mean) 50, 50.7 (4–170)

Sex

Female (%) 364 53.2

Male (%) 320 46.8

Anatomic site of the tumor

Left-sided (%) 474 69.3

Right-sided (%) 208 30.4

T stage

T1 (%) 35 5.1

T2 (%) 98 14.3

T3 (%) 444 64.9

T4 (%) 94 13.7

N stage

N0 (%) 363 53.1

N1 (%) 168 24.6

N2 (%) 137 20.0

Tumor grade

G1 (%) 21 3.1

G2 (%) 606 88.6

G3 (%) 43 6.3

UICC

Stage IA (%) T1 N0 28 4.1

Stage IB (%) T2 N0 71 10.4

Stage IIA (%) T3 N0 230 33.6

Stage IIB-C (%) T4 N0 28 4.1

Stage III (%) N+ 300 43.9

Tumor border configuration

Infiltrative (%) 464 67.8

Pushing (%) 205 30.0

Vascular invasion

No (%) 484 70.8

Yes (%) 187 27.3

Microsatellite Stability

Proficient (%) 600 87.7

Deficient (%) 84 12.3

CXCR4 histoscore (mean, SD) 154.6 (±98.7)

pCXCR4 histoscore (mean, SD) 31.7 (±62.4)

CXCR4 TICI (mean, SD) 76.3 (±153.2)

pCXCR4 TICI (mean, SD) 5.1 (±10.2)

Median overall survival time (months) 55 0–151

5-year overall survival % (95%CI) 53.7 49.8–57.4

*Percentages may not add to 100% due to missing values of defined
variables
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3.3 Association of clinico-pathological features according
to CXCR4 and pCXCR4 expression

Clinico-pathological features under investigation and their re-
lation to the four subgroups identified using median values of
CXCR4+ and pCXCR4+ expression (CXCR4low/
pCXCR4low, CXCR4high/pCXCR4low, CXCR4low/
pCXCR4high and CXCR4high/pCXCR4high) are listed in
Tables 2 and 3 for histoscores and immune cell density infil-
tration, respectively. CRC tissues with a high expression of
pCXCR4, alone or in combination with CXCR4 in the tumor
cells, were significantly more frequently located in the left-
sided colon (p = 0.006) and were characterized by a signifi-
cantly lower T- (p = 0.001) and N-stage (p < 0.001), absence
of vascular invasion (p = 0.004) and absence of an infiltrative
tumor border (p = 0.001) (Table 2). CRCs with a high density
of CXCR4/pCXCR4+ or pCXCR4+ TICs were also charac-
terized by a significantly lower N-stage (p < 0.001) (Table 3).

In order to directly evaluate the relevance of receptor phos-
phorylation, we next differentially analyzed CRC clinico-
pathological features in tissues with a high CXCR4 but a
different pCXCR4 expression. Most interestingly, we found

that CRCs with a high CXCR4+ histoscore were characterized
by a significantly more frequent pT1-2 and pN0 stage in
pCXCR4+ compared to pCXCR4- cases (p = 0.011 and
p = 0.002, respectively) and by a significantly more frequent
detection of a Bpushing^ tumor border (p = 0.028).

Regarding TICs in the presence of a high CXCR4+ infil-
tration, we found that CRCs displaying pCXCR4+ Bhigh^
infiltrates were significantly more frequently characterized
by a pN0 stage compared to tumors with pCXCR4+ immune
cell infiltration (p = 0.0004). Taken together, these data sug-
gest that receptor phosphorylation, rather than mere receptor
expression, is associated with important clinico-pathological
characteristics.

3.4 Prognostic significance of CXCR4 and pCXCR4
expression by tumor cells and by tumor-infiltrating
immune cells

Kaplan-Meier curves related to histoscore data revealed that
pCXCR4 expression was significantly associated with a fa-
vorable prognosis in both test and validation groups
(p = 0.0001 and p = 0.015; Fig. 2a and b). In sharp contrast,

Fig. 1 Positive (high) CXCR4/
pCXCR4 expression in CRC cells
and CRC infiltration by CXCR4/
pCXCR4-positive TICs
compared to negative samples.
CRC samples were stained with
CXCR4 and pCXCR4-specific
reagents. Tumor punches are
representative of absence of
infiltration (panel a and b),
positive/high expression on tumor
cells (panel c and d), and positive/
high infiltration of CXCR4/
pCXCR4-positive TICs (panels e
and f), respectively.
Magnification: 60×
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we found that expression of CXCR4 in the absence of
pCXCR4 had no impact on overall survival, even considering
the whole cohort (p = 0.132; data not shown). Indeed, CRCs
with a high expression of CXCR4 and pCXCR4 on tumor
cells showed a favorable 5-year overall survival rate (68%,
95%CI 59–76%) (p < 0.001; Table 2), whereas no difference
was observed between tumors with a high CXCR4 expression
only (48%, 95%CI = 39–56%) or low CXCR4/pCXCR4 ex-
pression (48%, 95%CI = 41–54%).

CRC with a high density of CXCR4/pCXCR4+ infiltrating
TICs also showed a more favorable 5-year overall survival
rate (63%, 95%CI = 54%-70%) compared to tumors with a
low CXCR4/pCXCR4+ TIC density (p = 0.004) (Table 3).
Kaplan-Meier curves for TICs revealed a trend to a more
favorable prognosis for CRC with a high density of
pCXCR4+ TICs compared to tumors with a low pCXCR4+
TIC density in a test group (p = 0.054; Fig. 2d) and a signif-
icant association with a more favorable prognosis in a

Table 2 Association of CXCR4+ and pCXCR4+ low and high expression by tumor cells (histoscore) and clinico-pathological features in CRC (cut-
offs were 100 and 0 for CXCR4 and pCXCR4, respectively)

CXCR4high/
pCXCR4high

CXCR4low/
pCXCR4high

CXCR4high/
pCXCR4low

CXCR4low/
pCXCR4low

p-value

N = 120 (100%) N = 75 (100%) N = 147 (100%) N = 214 (100%)

Age years, mean ± SD 68.3 11.6 69.8 11.0 70.5 10.3 68.2 11.5 0.322

Tumor diameter mm, mean ± SD 49.2 21.4 45.7 17.3 54.2 20.6 50.8 19.5 0.009*

Gender Female 67 55.8 40 53.3 83 56.5 104 43.2 0.433
Male 53 44.2 35 46.7 64 43.5 110 45.6

Tumor location Left-sided 87 72.5 65 86.7 103 70.1 140 58.1 0.006**

Right-sided 33 27.5 10 13.3 44 29.9 72 29.9

Histologic subtype Mucinous 5 4.2 2 2.7 10 6.8 7 2.9 0.842
Non-mucinous 115 95.8 73 97.3 137 93.2 207 85.9

pT stage pT1 12 10 8 10.7 8 5.4 3 1.2 0.001***

pT2 24 20 13 17.3 16 10.9 27 11.2

pT3 72 60 45 60 100 68 147 61

pT4 11 9.2 6 8 21 14.3 32 13.3

pN stage pN0 84 70 45 60 74 50.3 96 39.8 <0.001****

pN1 17 14.2 18 24 42 28.6 59 24.5

pN2 17 14.2 10 13.3 25 17 55 22.8

Tumor grade G1 6 5 4 5.3 4 2.7 4 1.7 0.268
G2 106 88.3 65 86.7 133 90.5 185 76.8

G3 7 5.8 3 4 7 4.8 20 8.3

Vascular invasion Absent 97 80.8 56 74.7 107 72.8 134 55.6 0.004†

Present 22 18.3 16 21.3 38 25.9 75 31.1

Tumor border Pushing 51 42.5 25 33.3 43 29.3 47 19.5 0.001‡

Infiltrating 68 56.7 45 60 102 69.4 162 67.2

PTL inflammation Absent 92 76.7 54 72 112 76.2 162 67.2 0.974
Present 27 22.5 18 24 33 22.4 47 19.5

Microsatellite stability Deficient 7 5.8 8 10.7 16 10.9 31 12.7 0.111
Proficient 113 94.2 67 89.3 131 89.1 183 75.9

5-year overall survival rate 95%CI 0.68 0.59–0.76 0.63 0.50–0.73 0.48 0.39–0.56 0.48 0.41–0.54 <0.001§

Percentages may not add to 100% due to missing values of defined variables. Variables are indicated as absolute numbers, %, median or range. Age and
tumor size were evaluated using the Kruskal-Wallis test. Gender, anatomical site, T stage, N stage, grade, vascular invasion, and tumor border
configuration were analyzed using the χ2 test. Survival analysis was evaluated using the Kaplan-Meier method. P-values < 0.05 are highlighted in
bold. Significant combinations of CXCR4/pCXCR4 in pairwise analyses:

*− + vs + − (p = 0.003), ++ vs + − (p = 0.044);

**− + vs + − (p = 0.008), ++ vs − + (p = 0.022), – vs − + (p = 0.001);

***– vs − + (p = 0.002), – vs ++ (p < 0.001);

****++ vs + − (p = 0.005), – vs − + (p = 0.036), – vs ++ (p < 0.001);

† – vs − + (p = 0.041), – vs ++ (p = 0.001);

‡ ++ vs + − (p = 0.029), – vs − + (p = 0.04), – vs ++ (p < 0.001);

§ − + vs + − (p = 0.006), ++ vs + − (p < 0.001), – vs − + (p = 0.003), – vs ++ (p < 0.001)
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validation group (p = 0.004; Fig. 2e). Kaplan-Meier curves for
tumors with CXCR4/pCXCR4 high TIC infiltrates compared
to tumors with CXCR4 high pCXCR4 low TIC densities
showed a trend to a better prognosis for the CXCR4 high/
pCXCR4 high group (p = 0.06, Fig. 2f).

3.5 Univariate and multivariate analysis of CXCR4
and pCXCR4 expression by tumor cells
and tumor-infiltrating immune cells

Univariate Cox regression analysis of the histoscores revealed
that CXCR4 and pCXCR4 positive staining is significantly
associated with an increased overall survival (HR 0.99;
95%CI = 0.99–1.0; p = 0.035 and p < 0.001, respectively).

Age, male gender, T-stage, tumor grading, N-stage, invasive
margin and vascular invasion were all significantly associated
with a poor prognosis in univariate analyses (Table 4).
Univariate Cox regression analysis for TICs showed that a
high density of pCXCR4+ TICs also serves as a favorable
prognostic marker for overall survival (HR = 0.98;
95%CI = 0.97–1.00; p = 0.02). Instead, we found that the
density of CXCR4+ TICs had no impact on overall survival
(Table 5).

Through multivariate hazard Cox regression survival anal-
ysis, however, we found that high expression of pCXCR4+ on
tumor cells (histoscore) failed to retain its role as an indepen-
dent prognostic factor for overall survival (HR = 0.99;
95%CI = 0.99–1.0; p = 0.098; Table 4). Similarly, multivariate

Table 3 Association of CXCR4+ and pCXCR4+ low and high immune cell density infiltration and clinico-pathological features in CRC (cut-offs
were 23 and 2 cells for CXCR4 and pCXCR4, respectively)

CXCR4high/
pCXCR4high

CXCR4low/
pCXCR4high

CXCR4high/
pCXCR4low

CXCR4low/
pCXCR4low

p-value

N = 155 (100%) N = 81 (100%) N = 122 (100%) N = 195 (100%)

Age years, mean ± SD 69.7 11.4 69.8 11.8 67.9 11.7 68.9 10.4 0.481

Tumor diameter mm, mean ± SD 49.7 19.4 51.3 25.1 50.6 18.2 51.4 19.6 0.893

Gender Female 80 51.6 48 59.3 61 50 102 52.3 0.609
Male 75 48.4 33 40.7 61 50 93 47.7

Tumor location Left-sided 115 74.2 57 70.4 85 69.7 135 69.2 0.713
Right-sided 39 25.2 24 29.6 36 29.5 60 30.8

Histologic subtype Mucinous 8 5.2 2 2.5 7 5.7 7 3.6 0.477
Non-mucinous 147 94.8 79 97.5 115 94.3 188 96.4

pT stage pT1 18 11.6 4 4.9 5 4.1 4 2.1 0.068
pT2 21 13.5 14 17.3 20 16.4 24 12.3

pT3 94 60.6 52 64.2 77 63.1 139 71.3

pT4 18 11.6 9 11.1 19 15.6 24 12.3

pN stage pN0 103 66.5 45 55.6 58 47.5 90 46.2 <0.001*

pN1 24 15.5 19 23.5 33 27 61 31.3

pN2 21 13.5 15 18.5 30 24.6 40 20.5

Tumor grade G1 8 5.2 3 3.7 1 0.8 6 3.1 0.464
G2 134 86.5 69 85.2 111 91 171 87.7

G3 8 .5.2 7 8.6 9 7.3 14 7.2

Vascular invasion Absent 120 77.4 57 70.4 83 68 131 67.2 0.104
Present 31 20 22 27.2 38 31.1 60 30.8

Tumor border Pushing 52 33.5 28 34.6 32 26.2 53 27.2 0.292
Infiltrating 99 63.9 50 61.7 89 72.9 137 70.3

PTL inflammation Absent 112 72.3 56 69.1 94 77.1 156 80 0.184
Present 39 25.2 23 28.4 27 22.1 35 17.9

Microsatellite stability Deficient 10 6.5 11 13.6 16 13.1 25 12.8 0.142
Proficient 145 93.5 70 86.4 106 86.9 g 170 87.2

5-year overall survival rate 95%CI 0.63 0.54-0.70 0.63 0.51-0.72 0.49 0.40-0.58 0.46 0.38-0.52 0.004**

Percentages may not add to 100% due to missing values of defined variables. Variables are indicated as absolute numbers, %, median or range. Age and
tumor size were evaluated using the Kruskal-Wallis test. Gender, anatomical site, T stage, N stage, grade, vascular invasion, and tumor border
configuration were analyzed using the χ2 test. Survival analysis was evaluated using the Kaplan-Meier method. P-values < 0.05 are highlighted in
bold. Significant combinations of CXCR4/pCXCR4 in pairwise analyses:

*++ vs – (p < 0.001), ++ vs + − (p = 0.002);

**++ vs – (p < 0.001)
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Hazard Cox regression survival analysis of TICs showed the
absence of an independent prognostic significance for
CXCR4+ (HR = 1.0; 95%CI = 0.99–1.0; p = 0.920) and
pCXCR4+ (HR = 0.99; 95%CI = 0.97–1.01; p = 0.200)

immune cell infiltration on overall survival (Table 5). On the
other hand, we found that an increased age (HR = 1.04;
95%CI = 1.03–1.05; p < 0.001), male gender (HR = 1.53;
95%CI = 1.2–1.9; p < 0.001), a higher T-stage (HR = 2.02;

Fig. 2 Effects of pCXCR4+ tumor cells and pCXCR4+ TIC infiltration
on overall survival in patients with CRC. Kaplan-Meier curves were
created according to the expression of pCXCR4 on tumor cells (curves
a-c) and pCXCR4+ TICs (curves d-f) in patients with CRC (n = 684).
Kaplan-Meier overall survival curves for the histoscore show that high
expression of pCXCR4 was significantly associated with a favorable
prognosis in a test (a, p = 0.0001) and validation (b, p = 0.015) group.
Overall survival was also evaluated for CRC showing evidence of a

CXCR4/pCXCR4 high histoscore, as compared to tumors with CXCR4
high pCXCR4 low values on the whole cohort (c, p = 0.005). Kaplan-
Meier curves for infiltration by TICs showed at least a trend towards a
favorable prognosis for CRCs with a high density of pCXCR4+ TICs in a
test (c, p = 0.054) and validation (d, p = 0.004) group. Kaplan-Meier
curves were also analyzed for CRC showing evidence of CXCR4/
pCXCR4 high TIC infiltrates, as compared to tumors with CXCR4 high
pCXCR4 low TIC densities on the whole cohort (f, p = 0.06)
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95%CI = 1.33–3.08; p = 0.001) and N-stage (HR = 2.38;
95%CI = 1.85–3.07; p < 0.001) were independently associat-
ed with a poor prognosis (Tables 4 and 5).

4 Discussion

In the past, several studies have been carried out to evaluate
the prognostic significance of CXCR4 expression in CRC.
However, methodological differences, inappropriate immuno-
histochemical protocols and limited sample sizes have ham-
pered the drawing of definite conclusions. Most importantly,
none of these studies has analyzed the expression of the phos-
phorylated, activated form of this receptor, pCXCR4. To the
best of our knowledge, this is the first study analyzing the
prognostic significance of pCXCR4 in a large cohort of
CRC patients. Our data indicate that CXCR4 expression in
the absence of phosphorylation on tumor cells has no

prognostic significance, whereas expression of its phosphory-
lated form pCXCR4 is associated with a favorable clinical
outcome.

These data are conflicting with those of most previous
studies, showing a negative prognostic impact of CXCR4 ex-
pression in CRC cells on survival. One study reported a neg-
ative prognostic impact of CXCR4 expression in stage I, II
and IV CRCs [29]. Another study reported that high CXCR4
expression is associated with higher TNM stages, rectal can-
cer, metastases and a decreased survival [19]. However, very
small sample collections (n = 92 and n = 97, respectively)
question the significance of these analyses. High nuclear ex-
pression of CXCR4 has also been proposed to be associated
with a poor survival in stage III CRC [30] and according to
Spetjens et al. [31] nuclear, but not cytoplasmic, location of
CXCR4 staining represents an independent negative prognos-
tic factor. However, we failed to observe nuclear CXCR4
staining in our study cohort, and it has been reported that

Table 4 Uni- and multivariate
Hazard Cox regression survival
analysis by histoscore

Univariate Multivariate

HR 95% CI p-values HR 95% CI p-values

CXCR4 histoscore 0.99 0.99–1.0 0.035 0.99 0.99–1.0 0.322

pCXCR4 histoscore 0.99 0.99–1.0 <0.001 0.99 0.99–1.0 0.098

Age 1.02 1.01–1.03 <0.001 1.04 1.03–1.05 <0.001

Gender (men vs women) 1.32 1.07–1.61 0.008 1.53 1.2–1.9 <0.001

pT stage (T3-4 vs T1-2) 2.91 2.08–4.08 <0.001 2.02 1.33–3.08 0.001

Tumor grade (high vs low) 5.56 1.78–17.32 0.003 2.45 0.77–7.8 0.129

pN stage (pos. vs neg.) 3.09 2.50–3.83 <0.001 2.38 1.85–3.07 <0.001

Invasive margin 1.94 1.52–2.48 <0.001 1.36 1.01–1.83 0.043

Vascular invasion 2.44 1.97–3.01 <0.001 1.64 1.27–2.12 <0.001

Uni- and multivariate Cox-regression analyses showing Hazard Ratios and P-values (P-values < 0.05 are
highlighted in bold). The multivariate model included 524 patients, due to missing values related to CXCR4+
and pCXCR4+ tumor expression, age, sex, tumor grade, vascular invasion, tumor border configuration, pT and
pN stage

Table 5 Uni- and multivariate
Hazard Cox regression survival
analysis of CXCR4 and pCXCR4
positive immune cell infiltration

Univariate Multivariate

HR 95% CI p-values HR 95% CI p-values

CXCR4+ immune cells 0.99 0.99–1.00 0.424 1.00 0.99–1.00 0.920

pCXCR4+ immune cells 0.98 0.97–1.00 0.019 0.99 0.97–1.01 0.200

Age 1.02 1.01–1.03 <0.001 1.04 1.03–1.05 <0.001

Gender (men vs women) 1.32 1.07–1.61 0.008 1.58 1.24–2.00 <0.001

pT stage (T3-4 vs T1-2) 2.91 2.08–4.08 <0.001 2.11 1.38–3.24 0.001

Tumor grade (high vs low) 5.56 1.78–17.32 0.003 2.39 0.75–7.62 0.142

pN stage (pos. vs neg.) 3.09 2.50–3.83 <0.001 2.44 1.89–3.15 <0.001

Invasive margin 1.94 1.52–2.48 <0.001 1.38 1.03–1.87 0.034

Vascular invasion 2.43 1.97–3.01 <0.001 1.67 1.30–2.16 <0.001

Uni- and multivariate Cox-regression analyses showing Hazard Ratios and P-values (P-values < 0.05 are
highlighted in bold). The multivariate model included 521 patients, due to missing values related to CXCR4+
and pCXCR4+ density, age, sex, tumor grade, vascular invasion, tumor border configuration, pT and pN stage

616 B. Weixler et al.



nuclear staining of CXCR4 seems to represent an artifact [32]
related either to excessive antigen retrieval by pressure
cooking or the application of poorly working primary antibod-
ies, since the outer membrane receptor CXCR4 has no linked
nuclear functions [33].

CXCL12, the only known ligand for CXCR4, is produced
by a limited number of cell types including endothelial and
bonemarrow cells, mucosal epithelial cells, tumor cells and T-
lymphocytes [34, 35]. CXCL12 expression is increased in
tissues characterized by neo-angiogenesis and inflammation,
supporting chemotactic gradients attracting CXCR4+ immune
cells, mainly CD4+ and dendritic cells. As yet, the effects of
CXCR4+ immune cells on tumor progression have not been
studied in detail [13, 35]. Our study shows for the first time
that activation of CXCR4, as suggested by the presence of its
pCXCR4 form, in CRC tumors and infiltrating immune cells
is significantly associated with a favorable prognosis. Current
understanding of the CXCL12-CXCR4 axis postulates that
CXCR4 expression by cancer cells guides them to migrate
to ectopic sites with a high CXCL12 expression. However,
our data indicate that the presence of pCXCR4 on tumor cells
in CRC patients is associated with a lack of evidence of node
metastases.

Consistent with our data, Stanisavljevic et al. [30] have
shown that CXCL12 expression represents a positive prog-
nos t ic fac tor for disease- f ree surviva l in CRC.
Furthermore, Wendt e t al . [36] showed that re-
establishment of CXCL12 expression reduced metastasis
in in vivo CRC experimental models. Remarkably, Roy
et al. [37] also showed in an experimental model of pan-
creatic cancer that CXCL12 expression inhibited tumor
growth and cancer cell metastasis formation through cell-
cycle arrest, resulting in an increased overall survival.

From a mechanistic point of view, it is tempting to spec-
ulate that local CXCL12 production, resulting in CXCR4
phosphorylation, may facilitate the retention of CXCR4+
tumor cells within primary tumor tissues, thus preventing
their migration towards potential metastatic sites. On the
other hand, local CXCL12 production may favor the re-
cruitment of immune cells associated with an improved
prognosis, including CD8+ T-cells [3, 4, 38]. More intrigu-
ingly, a recent study has suggested that CXCL12 produced
by neutrophils may guide activated CD8+ T-cells within
mucosal tissues [39]. Previously, our group has observed
that, indeed, neutrophil infiltration is also associated with a
favorable prognosis in CRC [40]. However, CXCL12 pro-
duction by these cells in CRC patients was not addressed.
Further research is warranted to clarify the mechanistic
aspects associated with the prognostic significance of
pCXCR4 expression in CRC tissues.

To date, very few studies have been reported on the prog-
nostic significance of pCXCR4. We could identify only two
studies, one in B-acute lymphoblastic leukemia and another

one in non-small cell lung cancer (NSCLC) [32, 41]. The
study on NSCLC failed to detect any prognostic significance
either for CXCR4 or pCXCR4 expression [32], whereas
Konoplev et al. [41] reported a negative prognostic signifi-
cance for pCXCR4 expression, but not CXCR4 expression,
in B-acute lymphoblastic leukemia. However, consistent with
our findings on total CXCR4 expression, Spano et al. [42]
reported better disease outcomes for a higher CXCR4 expres-
sion in early-stage NSCLC. Importantly, the CXCL12-
CXCR4 axis is considered a potential therapeutic target, not
only in hematologic, but also in metastatic solid tumors [43]
and clinical trials are now ongoing. Our data suggest an es-
sential need of including the evaluation of both the presence of
CXCR4 and its active form, pCXCR4, into the translational
design of such studies. Another significant focus of the present
study is the evaluation of CXCR4+ and pCXCR4+ TICs.
Although there are many reports on the potential function of
CXCR4 in different cancer types, there is a lack of data on its
expression on such TICs. In this regard, our data may contrib-
ute to the definition of immune contexture features and their
prognostic significance in CRC [4, 7, 38].

Our study suffers from a number of limitations. Firstly, the
TMA technology may fail to represent tumor tissue heteroge-
neity. However, the punches included in this TMA were de-
rived from tumor centers and included at least 50% cancer
cells. Furthermore, the number of individual CRC specimens
(> 600) compensates, at least in part, for the heterogeneity of
the immune contexture in different tumor areas. Second, this
is a retrospective cohort study. However, data emerging from
large retrospective analyses may help in the development of
prospective and mechanistic studies, currently planned by our
group. Finally, the cohort investigated in this study includes
CRC patients surgically treated between 1985 and 1998, prior
to a widespread use of neoadjuvant treatment regimens for
rectal cancer. Thus, while these results may not be fully rep-
resentative of current clinical treatments, they are more likely
to mirror CRC immunobiology. On the other hand, our results
would urge the analysis of CXCL12 expression in the samples
under investigation. However, detection of cytokines or, gen-
erally, soluble factors by immunohistochemistry is highly
problematic and gene expression studies, although potentially
suggestive, fail to provide evidence of specific protein
production.

In summary, our data show for the first time that expression
of activated pCXCR4 in tumor cells and a high density of
CXCR4 and pCXCR4 positive immune cell infiltration in
CRC represent favorable prognostic factors, thereby shedding
a new light on the biological role of CXCR4 in CRC
progression.
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