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Abstract
Background: Atypical chemokine receptors (ACKRs), including DARC, D6 and CCX-CKR, hold very critical roles in
cancer invasion and metastasis. The objective of the present study was to determine preliminarily the predictive
value of ACKRs in colorectal cancer (CRC).
Methods: From 2012 to 2019 in the First A liated Hospital of Dalian Medical University, 44 CRC patients were
followed up. We performed immunohistochemical analysis, Western blot and RT-PCR analysis on CRC and
adjacent normal tissues for investigating the expression of ACKRs and their relationships to clinicopathologic
features and survival rate.
Results: The expression of three ACKRs, CCX-CKR, DARC and D6, in normal colon tissues is higher than that in
colorectal cancer tissues. Meanwhile, the expression of corresponding ligands CCL21, CCL2 and CCL22 shows the
opposite. Low expression of ACKRs in colon cancer tissues was closely related to the potential of lymph node
metastasis (P= 0.001). When compared with triple-negative ACKR expression, co-expression of the ACKRs
predicted better outcomes of colorectal cancer patients with statistical signi cance (P=0.011).
Conclusions: The loss of ACKRs may play important roles in lymph node metastasis of CRC. ACKR expression
may be considered as prognostic markers in CRC patients.

Background
In the chemokine system, a group of special receptors, called atypical chemokine receptors (ACKRs) or chemokine
decoy receptors, recognize and bind the ligands without causing any signal transduction as they have the ability to
capture the chemokines and to annihilated the signals [1–2]. Recently, three ACKRs, Duffy antigen receptor for
chemokines (DARC or ACKR1), D6 (ACKR2) and ChemoCentryx chemokine receptor (CCX-CKR or ACKR4), have
been widely concerned on their close associations with the occurrence and metastasis of tumors [3].
DARC functions by clearing the angiogenic chemokines intracellularly, by binding CXC (cysteines separated by a
single amino acid) chemokines and some CC (cysteines next to each other) chemokines including CCL2, CCL5,
CCL11, et al [4, 5]. D6 eliminates almost all in ammatory CC chemokines, such as CCL2, CCL3L1, et al [6]. CCXCKR binds and clears the constitutively expressed chemokines including CC chemokine ligands CCR7/CCLl9
(CCL21), CCR9/CCL25 and CXCR5/CXCLl3 playing an important role in the survival, proliferation and metastasis
of tumor [7].
Three ACKRs,CCX-CKR, DARC and D6, are involved in the invasion and metastasis of cervical squamous cell
carcinoma [8]. Similarly, loss of ACKRs promotes the development of tumor and co-expression of them is
predictive of favorable outcomes in breast cancer [9]. CCX-CKR is a negative predictor of colon cancer metastasis,
and it regulates the migration and invasion of tumor cells which is positively correlated with patients’ survival [10].
Low D6 expression found in colon adenocarcinomas was correlated to more invasive tumors, but the relevant
survival analysis has not been conducted. [11] Nevertheless, the role of DARC in colorectal cancer (CRC) has not
been elucidated. We aim to examine the expression of three ACKRs to analyze the correlation between their
expression and clinicopathologic characteristics or patient outcomes in colorectal cancer (CRC).

Materials And Methods
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Human colorectal cancer tissue samples
The present study included 44 patients with colorectal cancer who were followed up after surgery in the First
A liated Hospital of Dalian Medical University from 2012 to June 2019. No patient had received preoperative
chemotherapy or radiotherapy. Out of the 44 tissue samples, 26 included both CRC and matched paracancerous
tissues. Specimens were obtained at the time of surgery and were immediately frozen in liquid nitrogen (for
western blotting and RT-PCR analysis, the protocols were described in Supplementary materials and the sequences
of PCR primers were listed in Supplementary Table S1) and xed in 10% neutral-buffered formalin and embedded
in para n (for immunohistochemistry analysis, IHC). The patients were between 28–89 years old, including 25
males and 19 females, 15 cases with and 29 cases without lymph node metastasis. The study was conducted in
accordance with the principles of the Declaration of Helsinki, and the study protocol was approved by the Ethics
Committee of First A liated Hospital of Dalian Medical University (KY-FB-2019-20). Because of the retrospective
nature of the study, patient consent for inclusion was waived.

Immunohistochemistry
Immunohistochemical staining was performed to detect the expression of DARC, D6, CCX-CKR and corresponding
chemokine ligands CCL2, CCL22 and CCL21 in CRC tissues, adjacent normal colorectal tissues and metastatic
lymph nodes. The antibody against DARC (Proteintech, 1:100), D6 (Proteintech, 1:100), CCX-CKR (Abcam, 1:150),
CCL22 (Abcam, 1:100), CCL2 (Abcam, 1:100), and CCL21 (Abcam, 1:100) were used for antigen detection. Two
pathologists evaluated all stained slides separately. For DARC, D6, CCX-CKR, CCL2, CC22 and CCL21, the intensity
of staining is semi-quantitatively graded into four levels: - (negative staining); + (weak staining = light yellow); ++
(moderate staining = yellowish brown) and +++ (strong staining = brown) [10].

Statistical analysis
All statistical analyses were carried out using SPSS (version 17.0, Chicago, USA) statistical software. The
cumulative survival rate was calculated as the time of the surgery to time of death or rst recurrence. Survival of
patients was estimated by Kaplan–Meier analysis and the differences were compared by the log- rank test. The
correlation between ACKR expression and clinicopathologic features was assessed using the χ2 test or Fisher's
exact test, while the correlation between ACKR, CCL2, CCL21, CCL22 and the intensity of staining was evaluated
using the Spearman's rank. The paired Student’s T-test was used to compare the expression of ACKRs and their
ligands in tumor tissues and corresponding paracancerous tissues (n = 21) analyzed with Western blotting and
PCR methods (shown in Supplementary materials). P < 0.05 in all cases was considered statistically signi cant.

Results
Expression of ACKRs in CRC tissues, adjacent normal tissues and lymph nodes metastasis
To investigate the potential roles of ACKRs in the progression and metastasis of CRC, we performed IHC to analyze
the 44 specimens of which 26 included adjacent normal colorectal tissues. The results showed that in normal
intestinal glands CCX-CKR, D6 and DARC expressed at a moderate to high level (81, 62 and 73 percent of
specimens, respectively, Fig. 1A and Table 1) and in most of the non-metastasis cases (79, 72 and 83 percent of
specimens, respectively, Fig. 1A and Table 2 ACKR+). Further, relatively low expression of ACKRs was found in
metastatic CRC specimens and corresponding LN metastasis (Fig. 1B and Table 2). The chemokines, CCL21,
CCL22 and CCL2, showed distinctly higher expression in CRC tissues compared with adjacent normal tissues
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(Fig. 1A and Table 1). Frozen specimens were subjected to Western blotting and RT-PCR analysis. Consistent with
IHC results, higher protein level of ACKRs was observed in paracancerous normal tissues than cancer tissues,
whereas the expression of corresponding ligands to the three ACKRs showed a reverse trend (Suppl Fig. S1).
Similarly, the ndings above were proved on transcriptional level (Suppl Fig. S2).
Table 1
Expression of three atypical chemokine receptors and their corresponding ligands in
colorectal cancer tissues (n = 44) and adjacent normal tissues (n = 26).

CCX-CKR

CCL21

D6

CCL22

DARC

CCL2

Tissues

-(%)

+(%)

++(%)

+++(%)

P

Cancer

16(36)

7(16)

11(25)

10(23)

0.002

Adjacent normal

0(0)

5(19)

9(35)

12(46)

Cancer

8(18)

10(23)

15(34)

11(25)

Adjacent normal

4(15)

11(42)

6(24)

5(19)

Cancer

17(38)

12(27)

5(11)

10(23)

Adjacent normal

0(0)

10(38)

7(27)

9(35)

Cancer

5(11)

15(34)

10(23)

14(32)

Adjacent normal

6(24)

10(38)

5(19)

5(19)

Cancer

16(36)

11(25)

7(16)

10(23)

Adjacent normal

0(0)

7(27)

12(46)

7(27)

Cancer

7(16)

12(27)

11(25)

14(32)

Adjacent normal

7(27)

10(38)

6(23)

3(12)

0.001

< 0.001

0.001

0.001

0.001

Table 2
Expression of ACKRs in CRC with or without lymph node (LN)
metastasis.
ACKRs

LN status

ACKR expression

P

-+
CCX-CKR

D6

DARC

Metastasis

10(67%)

5(33%)

Non-metastasis

6(21%)

23(79%)

Metastasis

9(60%)

6(40%)

Non-metastasis

8(27%)

21(72%)

Metastasis

10(67%)

5(33%)

Non-metastasis

6(17%)

23(83%)

0.003

0.036

0.003

The correlation of ACKRs expression with clinicopathological parameters
A signi cant association of decreased expression of the three ACKRs with lymph node-positive tumors was shown
(Table 3). Positive expression of D6 was observed correlated with moderate-to-high grade differentiation (P =
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0.011, Table 3). However, differentiation status of CRC had little impact on patients’ survival (Supplementary Fig.
S3)
Table 3
Correlation of ACKR expression in patients according to clinicopathologic characteristics (n = 44)
Characteristics

cases

DARC +
N (%)

All CRC

44

28

Age(years)

P

D6+ N
(%)

P

27
0.617

CCXCKR + N
(%)

P

28
0.723

Triple+
N (%)
15

0.851

0.627

≤60

13 (31)

9(69.2)

9(69.2)

8(61.5)

5(38.4)

>60

31 (69)

19(61.2)

18(58.1)

20(64.5)

10(32.2)

Gender

0.066

0.198

0.728

0.426

Male

26(57)

16(61.5)

18(69.2)

16(61.5)

7(26.9)

Female

18 (43)

13(72.2)

9(50)

12(66.7)

8(4.4)

Tumor
diameter

0.906

0.907

0.772

0.574

≤5 cm

28(54)

18(64.2)

17(60.7)

17(60.7)

9(32.1)

>5 cm

16 (46)

10(62.5)

10(62.5)

9(56.2)

6(37.5)

LN metastasis

0.003

0.036

0.003

0.001

+

15(35)

5(33.3)

6(40)

5(33.3)

1(6.7)

-

29(65)

23(79.3)

21(72.4)

23(79.3)

14(48.2)

Differentiation

0.422

0.011

P

0.170

0.641

Poorly

9(20.4)

5(55.5)

2(22.2)

4(44.4)

3(33.3)

M-H

35(79.5)

23(65.7)

25(71.4)

24(68.5)

12(34.2)

M-H, moderately to highly differentiated.

Survival analysis
Kaplan-Meier analysis was used to estimate cancer-speci c survival based on IHC results and follow-up data. The
number of patients expressing each ACKR was shown in Fig. 2A, including 27 patients with more than one ACKR
expression (two or three co-expressing ACKRs) and 4 triple-ACKR-negative cases. The survival analysis indicated
that co-expression of two or more ACKRs in CRC evidently linked with prolonged patients’ survival when compared
with triple-negative cases (P = 0.011, Fig. 2B). Neither single ACKR expression nor lymph node status of metastasis
has signi cant correlation with the survival rate (Fig. 2. C-F). Further, we investigated gene-expression related
survival in TCGA patient samples with The Human Protein Atlas website (https://www.proteinatlas.org) [12].
Interestingly, low expression of ACKR2/D6 or ACKR4/CCX-CKR, but not that of ACKR1/DARC, is associated with
poor patient survival in CRC (Supplementary Fig. S4).
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Discussion
In the current study, we observed that the expression of three ACKRs, CCX-CKR, DARC and D6, in normal colon
tissues was higher than that in colorectal cancer tissues; and the expression of corresponding ligands, CCL21,
CCL2 and CCL22, showed an inverse trend. Low expression of ACKRs in colon cancer tissues was related to the
potential of lymph node metastasis. Co-expression of ACKRs is correlated to better outcomes of colorectal cancer
patients.
Published studies have clari ed the function of ACKRs in some human cancers [8, 9] and some also provide novel
molecular targets in cancer therapy [13]. Zhu et al. reported that CCX-CKR alone expression was positively
correlated to the patients’ survival rate [10], that is in agreement with gene-expression related survival (TCGA,
Figure S4). However, for the rst time, we observed the co-expression of two or more ACKRs, not single, predicted
better outcomes of the CRC patients. The differences between protein- and gene-expression related patients’
survival curves (Fig. 2 and Figure S4) are likely due to insu cient cases included which is a limitation of our
present study. It is need to be improved with more cases in our future planed study including more than 300
patients.
The work of Zeng et. al. linked the absence of ACKRs to lymph node metastasis of early breast cancers [14].
According to their study the absence of DARC, D6 and CCX-CKR was related to a higher expression of matrix
metalloproteinase 9 (MMP-9) and vascular endothelial growth factor (VEGF) [14] which were produced by the
tumor cells in response to some CC chemokines (CCL2, CCL19, CCL21 et.al.) [15–17]. In consistent with Zeng’s
ndings, our results proved the loss of ACKRs expression was positively related to lymph node metastasis in CRC
patients, which suggested that chemokines and ACKRs are potential therapeutic targets for CRC treatment.

Conclusion
Our work unveiled the correlation between ACKRs co-expression and better prognosis and preliminary
demonstrated the potential roles of ACKRs as a set of combined metastatic markers for CRC patients.

Abbreviations
ACKR: atypical chemokine receptors; CCX-CKR: ChemoCentryx chemokine receptor; CRC: colorectal cancer; DARC:
duffy antigen receptor for chemokines; LN: lymph node; RT-PCR: reverse transcription-polymerase chain reaction;
WB: Western blotting
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Figure 1
Representative immunostaining of three atypical chemokine receptors (CCX-CKR, DARC and D6) and
corresponding ligands (CCL21, CCL2 and CCL22) expression in tissues of CRC patients. (A) Expression of ACKRs
and their ligands in colorectal cancer tissues, as well as in paracancerous normal tissues; (B) Expression of ACKRs
in colons with or without lymph node metastasis. Scale bar, 100 μm.
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Figure 2
Kaplan–Meier analysis of patients’ survival in relation to ACKRs expression and lymph node metastasis in 44 CRC
patients. (A) Schematic view of the number of patients according to immuno-reactivity of para n-embedded
specimens. (B) Cumulative survival curves for co-expression of double- or triple positive ACKR subgroup and triplenegative subgroup. (C) Cumulative survival in relation to lymph node metastasis. (D-F) Cumulative survival curves
in relation to DARC (D), CCX-CKR (E) and D6 (F) expression in 44 colorectal cancer patients, respectively.
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