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Abstract
Metastatic rectal cancer patients could benefit from novel therapeutic approaches. The
signaling network formed by chemokines and their receptors can promote metastasis and
resistance to current anticancer treatments. This study assessed the expression of chemokine
receptor 4 (CXCR4) and its ligand CXCL12 immuhistochemically in stage IV rectal tumors.
Paraffin-embedded primary tumor collected before and after local radiotherapy and systemic
treatment with bevacizumab, oxaliplatin and capecitabine was analyzed. Receptor and ligand
expression was assessed in the cytoplasm and nucleus of tumor, stromal and normal rectal
crypt cells. Baseline expression of CXCR4 and CXCL12 was correlated with patients'
pathologic response to treatment. At diagnosis (n=46), 89% of the rectal tumors expressed
cytoplasmic CXCR4 and 81% CXCL12. Nuclear CXCR4 expression in tumor cells was
present in 30% and nuclear CXCL12 expression in 35% of the tumors. After
radiochemotherapy and bevacizumab, nuclear CXCL12 expression was present in 79% of
residual tumors, as compared to 31% of the paired tumor samples expressing nuclear
CXCL12 before treatment (P=0.001). There were no differences in CXCR4 or CXCL12
expression at baseline between the patients that had (n=9) and did not have (n=30) a
pathologic complete response. Our results show that CXCR4 and CXCL12 are extensively
expressed in primary rectal tumors of patients presenting with metastatic disease, while
radiochemotherapy and bevacizumab further upregulate CXCL12 expression. These data
indicate the importance of the CXCR4/CXCL12 axis in rectal tumor biology, and may
suggest the CXCR4/CXCL12 receptor-ligand pair as a potential therapeutic target in
metastatic rectal cancer.
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INTRODUCTION
In non-metastatic rectal cancer, pelvic radiotherapy accompanied by 5-fluorouracil
(5FU)-based chemotherapy administered as a radiosensitizer helps to successfully downstage
the tumor prior to surgery, leading to better local disease control [1, 2]. Nonetheless, rectal
cancer-related mortality is mainly due to liver and lung metastasis. Phase 2 and 3 trials and
large observational cohort studies showed that addition of bevacizumab to oxaliplatin-based
chemotherapy improved survival compared to chemotherapy alone [3-10]. However, even
patients with a pathologic response of their primary rectal tumor after treatment with
bevacizumab have a bad prognosis [11, 12]. This illustrates that improvement of treatment
strategies is warranted.
A growing body of preclinical evidence suggests that the tumor microenvironment can
contribute to resistance to anticancer therapy [13]. One of the key factors involved in the
cross-talk between tumor cells and the microenvironment is chemokine receptor 4 (CXCR4).
It belongs to the family of G protein-coupled receptors (GPCR) and binds its corresponding
ligand chemokine CXCL12 (stromal-derived factor 1α, SDF-1α). This receptor is expressed
on the cell surface, as well as in the cytoplasm and in the nucleus of cells of several cancer
types, including (colo)rectal cancer [14-16]. Binding of the ligand activates downstream
signaling and induces cell migration, proliferation, and angiogenesis [17]. Preclinical studies
in colorectal cancer mouse models showed that the CXCR4/CXCL12 axis directs the
establishment and outgrowth of metastases in organs that abundantly express the ligand, such
as the liver and lungs [18, 19]. In addition, CXCR4 was activated and upregulated after
irradiation in a glioblastoma mouse model and in irradiated human nasopharyngeal tumors, as
analyzed by immunohistochemistry [20, 21]. In an orthotopic glioblastoma mouse model,
tumor irradiation led to increased CXCL12 levels and influx of bone marrow-derived
progenitor cells, thereby enhancing tumor vasculogenesis [20]. Moreover, an over 2-fold
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increase in mRNA levels of CXCR4 and CXCL12 in tumors of rectal cancer patients was
observed after bevacizumab monotherapy, as compared to pre-treatment values [22].
Altogether, these findings suggest that several anticancer treatments influence expression of
CXCR4 and CXCL12.
Therefore, we immunohistochemically analyzed CXCR4 and CXCL12 protein
expression levels in pre- and post-treatment tumor tissue of metastatic rectal cancer patients
enrolled in a phase 2 study in which patients were sequentially treated with pelvic irradiation
followed by bevacizumab, oxaliplatin and capecitabine, and surgery [11]. Subsequently, we
correlated pre-treatment CXCR4 and CXCL12 protein expression with post-treatment
pathologic response in rectal tumors, as pathologic response provides early and accurate
information about the local effect of radiochemotherapy plus bevacizumab.
MATERIALS AND METHODS
Study Population
This study included stage IV rectal cancer patients [23] enrolled in a phase 2 clinical
trial [11]. Patients received short-course pelvic irradiation (total, 25 Gy; five fractions in 5
days) followed within 2 weeks by bevacizumab (7.5 mg/kg, day 1) and oxaliplatin (130
mg/m2, day 1) intravenously each in a 2-hour infusion, and capecitabine (1000 mg/m2 twice
daily orally, days 1–14). Patients received six 3-weekly cycles of systemic treatment. After
radiochemotherapy plus bevacizumab, rectal tumor resection was performed. An anonymous
database was kept (T.H.v.D.), and included information on patient demographics, clinical and
pathologic characteristics, and pathologic response to treatment. Tumors were categorized as
low grade (well/moderately differentiated) and high grade (poorly/undifferentiated) according
to Greene et al [24]. Histological typing was based on the World Health Organization (WHO)
classification.
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Tumor Tissue Acquisition and Processing
Immunohistochemical analysis of CXCR4 and CXCL12 expression was performed on
pre- and post-treatment rectal tumor tissue samples. Pre-treatment diagnostic rectal tumor
biopsies (n=50) were obtained between 2006 and 2010 with informed consent from each
patient prior to inclusion in the previously reported phase 2 clinical trial [11]. Post-treatment
rectal cancer specimens were collected from resected primary tumors. All tumor specimens
were fixed in formalin immediately after procurement and subsequently embedded in
paraffin. All formalin-fixed paraffin-embedded tissue blocks were encoded for patient
confidentiality and study blindness purposes.
Immunohistochemistry
Tumor sections (4 μm) were mounted onto StarFrost® hydrophylic microscope slides
(Waldemar Knittel) and dried overnight at 60 °C. Sections were thereafter deparaffinized with
xylene and rehydrated in a three-step ethanol dilution series. Endogenous peroxidase was
blocked by incubating the slides for 30 min with 0.3% hydrogen peroxide in phosphatebuffered saline (PBS: 6.4 mM Na2HPO4, 1.5 mM KH2PO4, 0.14 mM NaCl, 2.7 mM KCl,
pH=7.2–7.4). All sections were treated for 15 minutes with 1% AB serum in PBS
supplemented with 1% bovine serum albumin (BSA) to reduce non-specific binding.
Sections were incubated overnight at 4 °C with polyclonal rabbit anti-human antibody
directed against CXCR4 (ab2074, Abcam) diluted 1:100, or for 60 minutes at room
temperature with polyclonal rabbit anti-human antibody against CXCL12 (ab25117, Abcam)
diluted 1:50. Primary antibodies were diluted in PBS supplemented with 1% BSA.
Subsequently, sections were incubated with secondary and tertiary antibodies conjugated to
horseradish peroxidase (DAKO, Glostrup). Staining was visualized with 3, 3'diaminobenzidine (Sigma-Aldrich) and hematoxylin counterstaining.
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All controls underwent the same procedures as the experimental samples. Negative
controls were the rectal cancer samples from the study patients with primary antibody omitted
or replaced with non-specific rabbit immunoglobulin (DAKO) adjusted for protein
concentration. External positive controls consisted of A2780 human ovarian xenograft tissue
sections, known from previous experience to express CXCR4 and of human prostate cancer
PC3-luc xenografts, known to express CXCL12 (Supplemental Fig. S1A, S1B). Internal
positive controls were provided by the presence of vascular endothelium or inflammatory
cells in some of the slides, whilst negatively stained erythrocytes provided an internal
negative control, demonstrating the specificity of the staining. Hematoxylin and eosin (H&E)
staining was routinely applied and used to analyze tissue viability and morphology.
Slides were analyzed with a Leica DM 3000 microscope and images were processed
with the LAS 3.7 software (Leica Microsystems). Cytoplasmic and nuclear staining intensities
in tumor, adjacent stromal cells and in epithelial cells of tumor-neighboring rectal crypts with
normal histology (thereafter referred to as normal rectal crypts) were recorded in three to five
random high-power fields (HPF; 400x magnification). Staining negativity or positivity for a
given marker was assigned using the predetermined cut-off value of 10% (staining
≤10%=negative; >10%=positive). The definitive expression category (negative/absent vs
positive/present) assigned to each sample was based upon the most frequently observed
category amongst the three to five HPFs evaluated. In samples with positive expression,
staining intensity of CXCR4 and CXCL12 was further subdivided as weak (±, 1), moderate
(+, 2), and strong (++, 3). In case of divergent intensity within a positive HPF, the intensity
score was determined by the predominating staining intensity (>50% of evaluable tumor
tissue). Definitive staining intensities assigned to each sample were based on the most
frequently observed intensity among the three to five HPFs evaluated. At least a quarter of the
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tumor area had to be evaluable to be designated an intensity score. Artificial staining could be
detected at the periphery of tumor sections, and these areas were not included in the analysis.
Two observers (K.T. and U.M.D.) scored all samples independently from each other,
and blinded for clinical data. A concordance of more than 90% for both stainings was found.
The discordant cases were reviewed and scores were reassigned on consensus of opinion.
Pathologic Response Evaluation
Pathologic response to treatment was prospectively assessed by Mandard's criteria in
post-treatment surgical specimens of primary rectal tumors [25]. Pathologic complete
response (pCR) of the rectal tumor to treatment was defined as the absence of residual
adenocarcinoma cells in the rectal tumor specimen (Mandard category I). Partial pathologic
response was defined as the presence of some residual adenocarcinoma cells in the rectal
tumor specimen (Mandard categories II-IV), and no response as Mandard category V.
Pathologic response data were retrieved from the anonymous database of the phase 2 clinical
trial (T.H.v.D.) and assessed by the pathologist (A.K.).
Statistical Analysis
Clinical and pathologic characteristics were presented as frequency and median.
Presence or absence of CXCR4 and CXCL12 expression before start of treatment was
described as frequency, and correlated with the pathologic response observed after treatment
by Fischer's exact test. For this, the rectal tumor specimens obtained after neoadjuvant
treatment were dichotomized as presenting pathologic complete response or lacking
pathologic complete response. Intensities of protein expression were presented as median
(range 0–3) and comparatively assessed in tumor cells, adjacent stromal cells and normal
rectal crypts by Chi-square test. Fisher's exact test was used to correlate presence or absence
of protein expression in paired treated and untreated rectal tumors. McNemar's test was used
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to determine statistical significance of change in protein expression presence or absence in
paired treated and untreated rectal tumors. A two-tailed P value of less than 0.05 was
considered significant. For statistical analyses GraphPad Prism (version 5.00 for Windows,
GraphPad Software) was used.
RESULTS
Patients
Clinical and pathologic characteristics of the 46 patients of whom sufficient pretreatment (diagnostic) rectal tumor tissue was available for immunohistochemical analysis are
presented in Table 1. At diagnosis, most tumors were low grade, located in the middle/lower
rectum, invasive into the subserosa/ perirectal tissue (cT3), node positive (cN1-N2), and
metastasized to the liver.
CXCR4 and CXCL12 Expression in Diagnostic Primary Tumor Samples of Stage IV
Rectal Cancer Patients
We analyzed pre-treatment CXCR4 and CXCL12 expression in the primary tumor
tissue of metastatic rectal cancer patients. Cytoplasmic and nuclear CXCR4 and CXCL12
expression could be analyzed in tumor cells (n=46), tumor-adjacent stromal cells (n=44) and
normal rectal crypts (n=33 for CXCR4, n=31 for CXCL12 staining). The absence of stromal
cells or normal rectal crypts in some of the diagnostic rectal tumor samples explains the
differences in the number of samples available for CXCR4/CXCL12 expression analyses in
tumor, stromal and rectal crypt cells.
CXCR4 and CXCL12 were extensively, but differentially expressed in the cytoplasm
and nucleus of tumor cells, adjacent stromal cells and normal rectal crypts. Representative
CXCR4 and CXCL12 stainings are illustrated in Fig. 1A. Cytoplasmic CXCR4 was present in
tumor cells in 41 out of 46 samples (89%), in tumor-adjacent stromal cells in 43 out of 44
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Table 1. Clinical and pathologic characteristics at diagnosis and information concerning
delivered treatment during the trial.
Gender*
Female
Male
Age (years)*
Median
58
Range
35-75
Primary tumor location*
Upper
Middle
Lower
Primary tumor invasion*
cT2
cT3
cT4
Tumor
Grade*
Low
High
Histological type*
Classical
Mucinous
Local lymph node metastasis*
cN0
cN1
cN2
Distant metastasis status*
Liver
Lung
Liver & lung
Neoadjuvant treatment*
Irradiation
Bevacizumab
Capecitabine-Oxaliplatin
Treatment-free interval before the surgery (weeks)*
Median
9
Range
5-37
Surgery*
No
Yes
Pathologic response of the primary tumor#
YpCR (Mandard I)
Residual tumor (Mandard II-V)
Residual local tumor invasion†
YpT2
YpT3
YpT4

n
19
27

%
41
59

6
21
19

13
46
41

4
35
7

9
76
15

43
3

93
7

46
0

100
0

6
28
12

13
61
26

39
5
2

85
11
4

46
45
45

100
98
98

7
39

15
85

9
30

23
77

9
20
1

30
67
3

Results are presented as number of patients and percentage [n(%)], unless indicated otherwise; YpCR
– pathologic complete response to neoadjuvant treatment;*Assessed in the 46 patients of whom upfront
rectal tumor tissue for analysis was available; #Assessed in the 39 patients whom underwent surgical
treatment of the primary rectal tumor after neoadjuvant therapy; † Assessed in the 30 patients with
residual tumor in the surgical specimen following neoadjuvant therapy.
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(98%), and in normal rectal crypts in 23 of 33 samples (70%; Fig.1B). CXCL12 was present
in the cytoplasm of tumor cells in 37 out of 46 tumors (81%), of stromal cells in 38 out of 44
(86%), and of normal crypts in 22 out of 31 tumors (71%; Fig. 1B). Although the percentage
of tumor and stromal cells expressing CXCR4 or CXCL12 was comparable, the intensity of
CXCR4 and CXCL12 stainings was higher in tumor cells (n=46, median score 2) than in the
adjacent stroma (n=44, median score 1; P=0.002 for CXCR4, and P=0.001 for CXCL12), or
in the neighboring normal rectal crypts (n=33, median score 1; P=0.026 for CXCR4, and
n=31, median score 1; P=0.473 for CXCL12; Fig. 1C). The reference staining scales showing
negative, weak, moderate, or strong CXCR4 or CXCL12 expression are presented in
Supplemental Fig. S2A, S2B. Nuclear CXCR4 or CXCL12 expression was observed in rectal
tumor cells (30% and 35% respectively), in stromal cells (14% and 16% respectively), and in
rectal crypts (30% and 39% respectively).
Treatment-induced Changes in CXCR4 and CXCL12 Expression in Rectal Tumors
We subsequently tested whether the expression of CXCR4 and CXCL12 in the
primary tumors was affected by treatment with local radiotherapy followed by systemic
bevacizumab and chemotherapy. Out of 39 patients who underwent radical rectal cancer
surgery after this treatment, 30 had residual rectal tumor available for immunohistochemical
analysis. Respectively 25 and 29 paired samples were available for the analysis of CXCR4
and CXCL12 (Table 2). As complete pathologic responders had no residual rectal cancer cells
in the surgical specimens following neoadjuvant treatment, in these patients, comparison was
not possible between pre- and post-treatment tumor tissues. No significant differences were
observed between CXCR4 or CXCL12 expression in the cytoplasm of tumor, stromal and
normal rectal crypt cells before and after treatment. Nuclear CXCR4 expression showed a
tendency toward upregulation after treatment in tumor cells and in the epithelial cells of
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Figure 1. CXCR4 and CXCL12 expression at diagnosis in primary tumors of metastatic rectal
cancer patients.

(A) Representative images of immunohistochemical CXCR4 (upper panels) and CXCL12 (lower
panels) staining of tumor tissue including tumor and stromal cells, and of tumor-neighboring epithelial
cells of rectal crypts with normal morphology (normal rectal crypts), as indicated in columns
(magnification 400 x). (B) Distribution of CXCR4 (left panel) and CXCL12 (right panel) staining (as
present or absent) in the cytoplasm of tumor cells, adjacent stromal cells and in normal rectal crypts.
(C) Distribution of staining intensity of CXCR4 (left panel) and CXCL12 (right panel) in the
cytoplasm of tumor cells, adjacent stromal cells and in normal rectal crypts.
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normal rectal crypts. In tumor cells, nuclear CXCR4 staining was present in 8 out of the 25
(32%) tumor samples before treatment, as compared to 16 (64%) after treatment. In normal
rectal crypts before treatment, only 5 out of 18 (28%) tumor samples showed nuclear CXCR4
positivity, whereas rectal crypt cells after treatment were positive for nuclear CXCR4 in 12
(67%) tumor samples. Furthermore, therapy altered CXCL12 nuclear expression. It increased
the number of tumor samples with positive nuclear CXCL12 expression in tumor cells from 9
(31%) to 23 (79%) out of 29 (P=0.001). Nuclear CXCL12 expression in normal rectal crypts
was present in 4 out of 15 (27%) tumor samples before treatment, and in 11 (73%) after
treatment (P=0.023). However, treatment did not affect the number of tumor samples with
nuclear CXCR4 or CXCL12 expression in stromal cells.
Correlation of CXCR4 and CXCL12 Expression with Pathologic Response to Treatment
Finally, the pathologic response to treatment could be assessed for 39 patients that
underwent surgery after neoadjuvant treatment (Table 3). Nine patients experienced a
complete pathologic response. There were no significant differences in CXCR4 or CXCL12
expression before treatment between the nine patients that had complete pathologic response
and the 30 patients with residual disease.
DISCUSSION
In this study we investigated the expression of CXCR4 and CXCL12 in primary rectal
tumors of stage IV patients, and showed that receptor and ligand are ubiquitously expressed in
the majority of rectal tumor and stromal cells. Subsequently, we analyzed CXCR4 and
CXCL12 expression prior to and after neoadjuvant treatment. After treatment with local
radiotherapy followed by systemic bevacizumab, oxaliplatin and capecitabine, nuclear
CXCL12 expression was upregulated in tumor cells of patients with residual cancer in the
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Table 2. Treatment-induced changes in CXCR4 and CXCL12 expression.
Marker expression

Sample size (n)

Positive expression [n (%)]
Before

P

After

CXCR4 cytoplasmic
Tumor cells
Stromal cells
Normal crypts

25
24
18

23
23
12

(92)
(96)
(67)

25 (100)
22 (92)
14 (78)

0.489
1.000
0.711

CXCR4 nuclear
Tumor cells
Stromal cells
Normal crypts

25
24
18

8
4
5

(32)
(16)
(28)

16 (64)
2 (8)
12 (67)

0.061
0.666
0.096

CXCL12 cytoplasmic
Tumor cells
Stromal cells
Normal crypts

29
25
15

24
23
11

(83)
(92)
(73)

28 (97)
20 (80)
11 (73)

0.193
0.417
1.000

CXCL12 nuclear
Tumor cells
Stromal cells
Normal crypts

29
25
15

9
3
4

(31)
(12)
(27)

23 (79)
5 (20)
11 (73)

0.001
0.701
0.023

n– number of tissue samples analyzed
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resected specimen. Finally, we found no correlation between CXCR4 or CXCL12 expression
and pathologic complete response.
CXCR4 and CXCL12 research has been focused on analyzing their expression in
tumor cells. Limited data are available on patterns and levels of CXCR4 and CXCL12
expression in tumor microenvironment components such as stromal cells and in normal crypts
adjacent to rectal cancers. Our study investigated cells from the tumor microenvironment.
Tumor cells showed cytoplasmic CXCR4 staining, and, in 30% of cases nuclear staining.
Nuclear CXCR4 expression was reported earlier in tumor cells of untreated stage I-IV
colorectal cancer patients and rectal tumors of stage II-III patients [14, 15, 26]. CXCL12 was
expressed in 81% of rectal tumors before therapy in the cytoplasm and in 35% in the nucleus
of tumor cells. Unlike cytoplasmic CXCL12 localization, its nuclear presence has drawn less
attention. Its presence was reported only in patients with non-metastatic rectal carcinoma [22],
recurrent glioblastoma [27] and clear-cell carcinoma [28]. Since nuclear CXCL12 might act
as an intracellular ligand for CXCR4 localized at the nuclear membrane [29, 30], our findings
may suggest that CXCR4/CXCL12 signaling in rectal cancer could also occur at the
intracellular level.
CXCL12 and CXCR4 expression in stromal cells was in our study localized mainly in
the cytoplasm, and, to a lesser extent, in the nucleus. The relevance of stromal CXCL12 and
CXCR4 expression in rectal cancer is underscored by a study, in which high mRNA
expression of both factors in stromal cells of rectal tumors was shown to correlate with
disease-free survival of 52 stage II/III rectal cancer patients [31]. Overall, cytoplasmic and
nuclear CXCR4 and CXCL12 expression in rectal tumor cells as well as stromal cells before
treatment may suggest that, in metastatic rectal cancer, autocrine, paracrine and intracrine
CXCR4/CXCL12 signaling routes are active.
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Table 3. Correlation of CXCR4 and CXCL12 expression with the pathologic response to
treatment.
Marker expression

CXCR4 tumor cells
Cytoplasmic +
Cytoplasmic Nuclear +
Nuclear CXCR4 stromal cells
Cytoplasmic +
Cytoplasmic Nuclear +
Nuclear CXCL12 tumor cells
Cytoplasmic +
Cytoplasmic Nuclear +
Nuclear CXCL12 stromal cells
Cytoplasmic +
Cytoplasmic Nuclear +
Nuclear -

Sample size(n)

39
34
5
10
29

Pathologic complete response
Yes [n (%)]
9
7 (20)
2 (40)
2
7

No [n (%)]
30
27 (80)
3 (60)

P

0.572

(21)
(24)

8
22

(80)
(76)

1.000

(75)
(100)

1.000

37
36
1
4
33

9
9
0

(25)
(0)

28
27
1

0
9

(0)
(27)

4
24

(100)
(73)

0.554

39
31
8
11
28

8
6
2

(19)
(25)

31
25
6

(81)
(75)

0.658

2
6

(18)
(21)

9
22

(81)
(79)

1.000

37
32
5
4
33

8
6
2

(19)
(40)

29
26
3

(81)
(60)

0.291

1
7

(25)
(21)

3
26

(75)
(79)

1.000

n – number of tissue samples analyzed
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In the present study we had the opportunity to obtain paired rectal tumor samples. We
found nuclear CXCL12 expression in residual tumor cells to be upregulated after
radiochemotherapy and bevacizumab. In a mouse model of glioblastoma, irradiation alone
induced CXCL12 upregulation in tumors, as well as an increase in CXCR4 phosphorylation,
both visualized by immunofluorescent staining [20]. In addition, in 12 non-metastatic rectal
cancer patients treated with bevacizumab only, 12 days later, CXCL12 and CXCR4 mRNA
expression in tumor cells were upregulated [22]. Moreover, paclitaxel, but not gemcitabine or
doxorubicin, resulted in a rapid increase in CXCL12 plasma levels in non-tumor bearing
C57BL/6 mice [33]. CXCL12 induction by irradiation or paclitaxel induces acute
mobilization of circulating vascular progenitor cells in mice, which could be blocked by
CXCL12-neutralizing antibodies [33] and the CXCR4 inhibitor AMD3100 [20]. These data
show that different types of anticancer treatment can upregulate CXCR4 or CXCL12
expression, as also illustrated in our study to occur in patients. Further studies are therefore
warranted to determine whether CXCR4/CXCL12 pathway inhibition can increase the
efficacy of conventional therapies in rectal cancer.
In parallel with tumor cells, tumor-neighboring rectal crypts with normal histology
also showed an augmented nuclear CXCL12 expression. There were already preclinical
results suggesting that such an upregulation is likely a mechanism of cell adaptation to
hypoxic stress. Hypoxia-dependent CXCL12 induction was seen in irradiated endothelial cells
[34] and in normal endothelial cells of tumor-free ischemic mice [35]. We do however have to
take into account that these histologically normal epithelial cells of rectal crypts adjacent to
tumor cells might well contain a genetically altered subset of pre-cancerous lesions [36].
We found no associations between baseline CXCR4 or CXCL12 expression and
pathologic response to treatment. Other studies also reported no relation between CXCR4 or
CXCL12 expression in rectal tumors and pathologic response to treatment [26, 31]. In a study
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in 40 stage T3/T4 and/or lymph node positive rectal cancer patients treated with
chemoradiotherapy containing 5FU, no correlation was found between nuclear CXCR4
expression in pre-treatment biopsies and histologic tumor regression, defined as complete
tumor sterilization or presence of macroscopic foci of adenocarcinoma after treatment [26].
Moreover, when stromal expression of CXCR4 and CXCL12 was analyzed post-treatment in
relation to pathologic response, defined as less than one third of vital residual tumor cells
present after chemoradiotherapy containing 5FU in 53 stage II/III rectal cancer patients, no
associations was found either [31]. In studies including 338 [15], 53 [31], respectively 139
[32] all stages (colo)rectal cancer patients, CXCR4 or CXCL12 expression in tumor cells
correlated with disease-free, recurrence-free and overall survival of patients. Altogether, these
data from relatively small studies suggest that CXCR4/CXCL12 expression might be
associated with distant recurrences rather than local pathologic response of the primary tumor.
In conclusion, CXCR4 and CXCL12 are extensively expressed at diagnosis in primary
rectal tumors of stage IV patients, and the ligand is upregulated after treatment with local
radiotherapy, followed by systemic bevacizumab, oxaliplatin and capecitabine. Combined,
these data may suggest the CXCR4/CXCL12 receptor-ligand pair as a potential target in
metastatic rectal cancer, for improving treatment outcome. Several CXCR4/CXCL12
antagonists have been developed [37-41], and disrupting the interaction of solid cancer cells
with their microenvironment by using the CXCR4 inhibitor AMD3100 is currently being
tested in combination with bevacizumab in patients with recurrent high-grade glioma
(ClinicalTrials.gov number, NCT01339039).
CONFLICT OF INTEREST
All authors report no conflict of interest pertaining to this article.

101

Chapter 4
Treatment-induced changes in CXCR4 and CXCL12 expression of metastatic rectal cancer

ACKNOWLEDGMENTS
We thank Harry Hollema, Tineke van der Sluis, Mirjam F. Mastik, Freke Dijkhuis,
Wytske Boersma-van Ek, Marieke Everts, Anniek E. Herksen, and Wouter B. Nagengast for
their technical support. Karin Tamas was supported by a European Society for Medical
Oncology (ESMO) Translational Research Fellowship.

102

Chapter 4
Treatment-induced changes in CXCR4 and CXCL12 expression of metastatic rectal cancer

Graphical Abstract

CXCR4 and CXCL12 are extensively expressed in rectal cancer and stromal cells. Local
radiotherapy followed by systemic bevacizumab, oxaliplatin, and capecitabine further
upregulate nuclear CXCL12 expression in residual cancer cells.
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SUPPLEMENTAL DATA

Supplemental Fig. (S1). Representative immunohistochemical CXCR4 (A) and CXCL12 (B)
stainings using control PBS or IgG antibodies in A2780 respectively PC3-luc human
xenografts.
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Supplemental Fig. (S2). Reference scales of immunohistochemical CXCR4 (A) and
CXCL12 (B) staining of the primary rectal tumors according to expression intensity
(negative, weak, moderate or strong).
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