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Abstract: Aims: Atypical chemokine receptors (ACRs) have been reported to scavenge or alter the localization of their
chemokine ligands. However, CRAM, a newly identified ACR member, is lack of ligand scavenging properties. The
present study was to investigate the clinical significance of CRAM in cervical carcinoma. Methods: The expression
of CRAM in primary cervical cancer and paired normal tissues from adjacent regions was examined using Real time
PCR. Moreover, CRAM protein expression was analyzed in 272 cervical specimens including 50 normal cervical tis-
sues, 40 cases of carcinoma in situ of cervix (CIS), and 182 cases of cervical cancer by immunohistochemistry. Re-
sults: Real time PCR showed that the expression level of CRAM was markedly higher in cervical cancer than that in
normal cervical tissues. The expression rate of CRAM in normal cervical tissues, CIS, and cervical cancer increased
gradually (p < 0.01). In addition, the expression level of CCL19 was positively associated with that of CRAM (p <
0.05). Moreover, high expression level of CRAM was correlated with lymph node metastasis and histological sub-
type. In multivariate Cox regression analysis, high expression level of CRAM was a negative indicator for both overall
(p = 0.028) and recurrence-free survival (p = 0.010). Conclusion: The present study suggested that CRAM could be
a clinical prognostic marker for patients with cervical cancer and might be a potential therapeutic target for cervical
cancer. Our data extended previous research on the predictive value of ACRs.
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ACRs are unable to induce the full spectrum of
classical GPCR signaling because they are lack
of highly conserved DRYLAIV motif within the
second intracellular loop [3]. Initially, the ACR
family comprises three receptors, Duffy antigen
receptor for chemokines (DARC), D6, and
Chemocentryx chemokine receptor (CCX-CKR),
which can bind a wide range of chemokine
ligands [4]. In general, these ACRs regulate the
complex chemotactic network by scavenging or

Introduction

Chemokine receptors are cell-surface (G-pro-
tein coupled) receptors (GPCR) containing
seven transmembrane domains that are found
on the surface of certain cells. They work by
triggering an intracellular signalling cascade
mediated by G-protein activation [1]. Chemokine
receptors together with their respective ligands
control nearly all classes of leukocytes

trafficking in the immune system [2]. In addi-
tion, they are involved in different stages of
tumor progression, inducing leukocyte infiltra-
tion into tumors, angiogenesis, tumor cell pro-
liferation and migration. Recently, much atten-
tion has been focused on the so-called atypical
chemokine receptors (ACRs). ACRs belong to
the GPCR family characterized by a seven
transmembrane domain structure. However,

altering the localization of their chemokine
ligands [5].

One exception is CRAM, which is the most
recently identified member of the ACR family
[6]. Encoded by the CCRL2 gene, it exhibits high
homology to CC chemokine receptors. The
CCRL2 gene is located on chromosome 3p21 in
close proximity to the chemokine receptor gene
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Table 1. Distribution of CRAM expression in cervi-
cal cancer patients according to clinicopathologic

characteristics

CRAM

Characteristic No. - P
Age (y) 0.298
<40 85 42 43
> 40 97 40 57
FIGO Stage 0.925
B 136 61 75
> B 46 21 25
Histological subtype 0.030
Squamous cell carcinoma 162 68 94
Adenocarcinoma 20 14 ©
Differentiation 0.764
Grade 1/2 8 35 46
Grade 3 101 47 54
Timor Size 0.870
<4cm 129 59 70
>4 cm 53 23 30
LN Metastasis 0.043
- 152 63 89
+ 30 19 11
Recurrence 0.017
- 157 65 92
+ 25 17 8
Total NO. of patients 182 82 100

cluster region where CCR1 to CCR5, CCRS8 to
CCR10, XCR1 and CX3CR1 located [7]. CRAM
was initially identified as a receptor for the
homeostatic chemokine CCL19 in radioactive
labelling studies. This binding is not followed by
degradation of CCL19, which is quite different
from classical chemokine scavenging by other
ACR members [8]. Besides, CRAM binds unre-
lated chemotactic protein adipokine chemerin,
while chemerin binding does not trigger ligand
internalization [9]. The CRAM expression has
been found on both lymphoid and non-lymphoid
organs, including spleen, lymph node, fetal
liver, bone marrow, heart, and lung [10]. More
recently, CRAM expression has been detected
in astrocytes and microglia, and the expression
was up-regulated by LPS stimulation [11]. In
vitro study has also shown that CRAM expres-
sion was elevated in glioma cell lines [12].
However, the clinical and functional signifi-
cance of CRAM expression in human cancers
remains unknown.

Our previous study has shown that ACR mem-
bers, DARC, D6, and CCX-CKR, could be used

1061

as prognostic markers for patients with cervical
squamous cell cancer [13]. As a new member
of ACR family, the internalizing ability of CRAM
is quite different from other ACR members.
CRAM could bind chemotactic proteins, while it
is devoid of ligand scavenging property, sug-
gesting that clinical and prognostic value of
CRAM may be different from other ACRs. In the
present study, we for the first time character-
ized the CRAM expression in human cervical
carcinoma. We found that the expression level
of CRAM was correlated with lymph node sta-
tus and histological subtype. Moreover, high
expression level of CRAM was strongly associ-
ated with reduced overall and recurrence-free
survival time. Both univariate and multivariate
analysis suggested that CRAM expression was
an independent prognostic marker for cervical
cancer patients. Our study extended previous
research on the prognostic value ACRs by show-
ing that CRAM could be a novel clinical marker
of poor prognosis for patients with cervical
cancetr.

Materials and methods
Patients and tissue specimens

A total of 272 paraffin-embedded specimens
including 50 normal cervical tissues, 40 CIS,
and 182 cervical cancers were obtained from
petients, who were histopathologically and clin-
ically diagnosed at Sun Yat-Sen University
Cancer Center (SYSUCC) from 2002 to 2007.
For the use of these clinical materials for
research purposes, prior patient’s consents
and approval from the Institute Research Ethics
Committee were obtained. Clinicopathologic
staging was determined according to the
International Federation of Gynecology and
Obstetrics (FIGO) guidelines for clinical staging
[14]: 105 were allocated to stage IB1, 31 to
stage IB2, 28 to stage IIA1, 10 to stage A2,
and 8 to stage IIB. Clinical information of the
samples is summarized in Table 1. In addition,
10 pairs of freshly prepared cervical tumor and
matched normal tissues from adjacent regions
were collected at SYSUCC in 2011.

RNA extraction, reverse transcription (RT) and
real-time PCR

Total RNA from fresh surgical cervical cancer

tissues was extracted using the Trizol Reagent
(Invitrogen), according to the manufacturer’s
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Figure 1. Elevated CRAM expression in cervical cancer. A: Real-time PCR analysis of CRAM expression in 10 paired
cervical tumor tissues (T) and their adjacent normal tissues (ANT). GADPH was used as loading control. B: Distribu-
tion of CRAM in normal cervix (NC), carcinoma in situ of cervix (CIS), and cervical cancer (CC) by immunohistochem-

istry.

instructions. The RNA was pretreated with
RNase-free DNase (Promega), and 2 ug RNA
was used for cDNA synthesis primed with ran-
dom hexamers. Real-time PCR was performed
using the Applied Biosystems 7500 Sequence
Detection system. Sequences of the primers
are: CRAM forward primer 5-ACAAGTATGACG-
CCCAGGCACT-3’, reverse primer 5-CCAGGA-
TAAGCACAACCAGGAGA-3’, GAPDH forward pri-
mer 5-GAATCTACTGGCGTCTTCACC-3’, reverse
primer 5-GTCATGAGCCCTTCCACGATGC-3'. Ex-
pression data were normalized to the house-
keeping gene GAPDH as a loading control.

Immunohistochemistry

For immunohistochemical analysis, formalin-
fixed, paraffin-embedded specimens were cut
into 4 ym sections and mounted onto poly-L-
lysine-coated slides. The sections were depar-
affinized, rehydrated, and then boiled for 10
min in 10 uymol/L citrate buffer solution (pH
6.0) using a microwave oven. Endogenous per-
oxidase was blocked with 0.3% hydrogen perox-
ide for 30 min, and non-specific staining was
blocked by treating the slides with 1% fish skin
gelatin for 30 min at room temperature.
Subsequently, slides were incubated overnight
with primary antibodies against CRAM (Abcam,
1:100), CCL19 (Abcam, 1:100), and LCA
(Abcam, 1:500). After washing with PBS, the
slides were incubated with prediluted second-
ary antibody (Abcam), followed by further incu-
bation with diaminobenzidine (DAB). Finally, the
sections were counterstained with hematoxylin
and mounted.
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The degree of immunostaining of the sections
was separately evaluated by two pathologists.
For CRAM, the IHC score was defined by multi-
plying the percentage of cytoplasmic positive
cells by the intensity. The intensity of stained
cells was graded semi-quantitatively into four
levels: O (no staining); 1 (weak staining = light
yellow); 2 (moderate staining = yellow brown)
and 3 (strong staining = brown); and the per-
centage was scored as: 0, negative; 1, 10% or
less; 2, 11% to 50%; 3, 51% to 80%; or 4, 80%
or more positive cells. The scoring system for
CRAM and CCL19 was defined as negative for
score 0O, and positive for score > O (low expres-
sion for score 1-4 and as high expression for
scores of 6-12). For LCA, scoring was undertak-
en using a Chalkley point array [18]. A region
was considered positive if there were more
than five stained cells per unit area, and was
considered negative if there were 0-5 stained
cells per unit area. The cutoff values were cho-
sen on the basis of a measure of heterogeneity
with the log-rank test statistical analysis with
respect to overall survival and recurrence-free
survival.

Statistical analysis

All statistical analyses were carried out using
SPSS 16.0 statistical software package.

Survival of patients was estimated by Kaplan-
Meier analysis and the differences were com-
pared by the log rank test. Receiver operating
characteristic (ROC) curve analysis was con-
ducted to evaluate the predictive value of the
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Figure 2. Immunostaining of cervical cancers. Representative immunostaining of CRAM staining in normal cervical
tissues (A) and carcinoma in situ of cervix (B). Representative examples of high (C) and low (D) CRAM staining, high
(E) and low (F) CCL19 staining, and positive (G) and negative (H) LCA staining in cervical cancer tissues. Scale bar,
100 um.

CRAM expression and clinical features. Cox
proportional hazards multivariate regression
model was used to select independently
significant prognostic factors for cervical can-
cer. The x? test or Fisher’s exact test were used
to analyze the correlation between CRAM
expression and clinicopathologic features.
Spearman’s rank was used to evaluate the cor-
relation between CRAM with CCL19 and LCA
staining. In all cases, P < 0.05 was considered
statistically significant.

Results

Increased expression of CRAM in cervical
cancer

To determine whether CRAM is associated with
the progression of cervical cancer, we deter-
mined the expression of CRAM in 10 pairs of
matched cervical cancer tissue and adjacent
nontumorous tissue using RT-PCR analyses. As
shown in Figure 1A, CRAM expression was
upregulated in all 10 cervical cancer samples
compared with their paired adjacent nontumor-
ous tissue. In addition, we examined the expres-
sion of CRAM in 182 cervical cancer, 40 CIS,
and 50 normal cervical tissues. Normal cervi-
cal tissue showed positive CRAM in 15 (30.0%),
CIS presents 32 (80.0%), and cervical cancer
positively stained 177 (97.3%) cases (Figure
1B). The representative immunostaining of
CRAM in normal cervix, CIS, and cervical can-
cer was shown in Figure 2A-D.
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Correlation of CRAM expression with CCL19,
and LCA

As CCL19 has been reported to play a crucial
role in regulating lymphocyte infiltration, we
analyzed the correlation of CCL19 expression
with the expression of CRAM, which is an identi-
fied chemokine receptor of CCL19. Moreover,
we examined the correlation of CRAM expres-
sion with lymphocyte infiltration by evaluating
the expression of LCA, a marker of leukocytes.
The expression level of CCL19 was positively
associated with that of CRAM (Spearman’s rho
(p) = 0.167, p = 0.024). The expression of LCA
was negatively correlated with CRAM expres-
sion level, while this finding did not reach statis-
tical significance (p =-0.120, p = 0.108) (Table
4). The representative immunostaining of
CCL19 and LCA was shown in Figure 2E-H.

Association between CRAM expression and
the clinical features of cervical cancer

To further investigate the roles CRAM in cervi-
cal tumorigenesis, we analyzed the IHC data of
CRAM to determine their relationship with the
clinical features of cervical cancer. Our data
showed that CRAM expression level was strong-
ly correlated with histological subtype (P =
0.030), lymph node metastasis (P = 0.043),
and tumor recurrence (P = 0.017) of patients
with cervical cancer, while it was not correlated
with age, FIGO stage, differentiation, or tumor
size. Moreover, Kaplan-Meier analysis was also

Int J Clin Exp Pathol 2014;7(3):1060-1068
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Figure 3. Kaplan-Meier and ROC curve analyses for CRAM expression. A, B: Kaplan-Meier analysis of overall survival
and recurrence-free survival in relation to CRAM expression level in 182 cervical cancer patients. C, D: ROC curve
analysis for CRAM expression and different clinicopathological features were performed to evaluate the survival
status. C: CRAM expression (AUC = 0.660; P = 0.064), stage (AUC = 0.632; P = 0.126), tumor size (AUC = 0.656; P
= 0.071), and lymph node status (AUC = 0.635; P = 0.119) implied statistical associations with overall survival. D:
CRAM expression (AUC = 0.633; P = 0.033), stage (AUC = 0.609; P = 0.082), tumor size (AUC = 0. 609; P = 0.079),
and lymph node status (AUC = 0.590; P = 0.149) were used to test the recurrence-free survival.

Table 2. Univariate Cox regression analysis of overall survival (OS) and Recurrence-free survival (RFS)
in patients with cervical cancer

. . 0S RFS
Prognostic variables - -
Hazard ratio (95% Cl) P Hazard ratio (95% Cl) P

Age (> 40 vs £40) 1.153 (0.372-3.576) 0.805 1.504 (0.683-3.314) 0.311
FIGO Stage (> IB vs IB) 3.120 (1.006-9.674) 0.049 2.593 (1.177-5.714) 0.018
Differentiation (Grade 3 vs 1/2) 2.539 (0.765-8.433) 0.128 1.017 (0.462-2.240) 0.967
Timor Size (>4 cm vs <4 cm) 3.707 (1.176-11.686) 0.025 2.429 (1.108-5.327) 0.027
LN Metastasis (+ vs -) 4.104 (1.301-12.940) 0.016 2.709 (1.168-6.280) 0.020
CRAM expression (H vs L) 3.881 (1.051-14.337) 0.042 2.861 (1.235-6.632) 0.014
CCL19 expression (Hvs L) 1.783 (0.566-5.617) 0.324 1.448 (0.640-3.227) 0.374
LCA expression (+ vs -) 0.287 (0.093-0.892) 0.031 0.432 (0.194-0.961) 0.040
applied to calculate the effect of CRAM expres- level of CRAM was correlated with poor overall
sion and clinical outcome of cervical cancer. survival and recurrence-free survival (Figure
The log-rank test showed that high expression 3A and 3B). Furthermore, we analyzed the sen-

1064 Int J Clin Exp Pathol 2014;7(3):1060-1068



CRAM in cervical carcinoma

Table 3. Multivariate Cox regression analysis of overall survival (OS) and recurrence-free survival
(RFS) in patients with cervical cancer

Prognostic variables

0S

Hazard ratio (95% Cl

Age (> 40 vs < 40)

FIGO Stage (> IB vs IB)
Differentiation (Grade 3 vs 1/2)
Timor Size (> 4 cm vs <4 cm)
LN Metastasis (+ vs -)

CRAM expression (H vs L)
CCL19 expression (Hvs L)

LCA expression (+ vs -)

)
1.702 (0.433-6.693)
3.105 (0.997-9.673)
1.518 (0.383-6.009)
2.272(0.645-7.999)

3.475 (1.093-11.046)

3.540 (0.939-13.346)
1.852 (0.513-6.687)
0.296 (0.095-0.926)

RFS
P Hazard ratio (95% Cl) P
0.446 1.591 (0.635-3.985) 0.322
0.051 2.470 (1.108-5.509) 0.027
0.552 1.412 (0.576-3.465) 0.451
0.201 2.215 (0.999-4.909) 0.050
0.035 1.638 (0.673-3.984) 0.277
0.062 3.102 (1.334-7.212) 0.009
0.347 1.483 (0.604-3.640) 0.195
0.036 0.435 (0.183-1.031) 0.110

sitivity and specificity of CRAM based on the
IHC data. ROC curve analysis confirmed the
predictive value of CRAM expression regarding
clinical prognosis (Figure 3C and 3D).

Univariate and multivariate Cox regression
analyses for prognosis of patients with cervical
cancer

To determine whether CRAM expression level is
an independent prognostic factor of patient
outcomes, univariate and multivariate Cox
regression analyses were used. As Table 2
shows, FIGO stage (p = 0.049 and p = 0.018,
respectively), tumor size (p = 0.025 and p =
0.027, respectively), lymph node metastasis (p
= 0.016 and p = 0.020, respectively)), CRAM
expression level (p = 0.042 and p = 0.014,
respectively), and LCA expression (p = 0.031
and p b 0.040, respectively) were significantly
correlated with both overall and recurrence-
free survival. In multivariate Cox regression
analysis shown in Table 3, lymph node metas-
tasis (p = 0.035) and LCA expression (p =
0.036) were recognized as independent prog-
nostic factors for overall survival, while FIGO
stage (p = 0.027) and CRAM expression (p =
0.009) were recognized as independent predic-
tors for recurrence-free survival.

Discussion

The key finding of the current study is that ele-
vated CRAM expression is associated with poor
clinical prognosis and lymph node metastasis
of patients with cervical cancer. In this study,
we showed that CRAM was up-regulated in cer-
vical cancer tissues as compared with that in
normal cervical tissues. We further found that
the CCL19 expression was inversely associated
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with CRAM expression. Moreover, we demon-
strated that the expression rate of CRAM
increases as cervical cancer progresses to
more advanced stages. Furthermore, we found
that the high expression level of CRAM protein
is significantly correlated with the lymph node
metastasis and reduced survival time of
patients with cervical cancer. Taken together,
our study suggests that CRAM may play a cru-
cial role in cervical carcinogenesis and might
represent a novel indicator for the prognosis of
cervical cancer.

Cervical cancer is one of a leading lethal malig-
nancy in female reproductive system, with an
estimated 500,000 new cases and 270,000
deaths reported worldwide each year [15]. The
mortality in developing countries is 10 times
higher than in developed countries [16].
Although there have been major improvements
in the management of cervical cancer, treat-
ment of lymph node metastasis and locally
advanced tumors remains a major challenge
[17]. As a result, more than 70% of patients
with lymph node metastasis will develop recur-
rent disease, which was observed only in about
10-20% of the patients without advanced cervi-
cal cancer [18]. Therefore, any insight into bio-
logical markers that help to predict lymph
nodes metastasis and development of this
malignancy may provide potential therapeutic
targets for the treatment of cervical cancer.

CRAM is a heptahelical serpentine receptor
that was originally identified in murine macro-
phage cell line RAW 264.7 [19]. The human
CCRL2 gene produces two transcript variants
known as CRAM-A and CRAM-B, the sequences
of which differ by the presence of 12 additional
amino acids at the N-terminus [7]. CRAM

Int J Clin Exp Pathol 2014;7(3):1060-1068



CRAM in cervical carcinoma

Table 4. Spearman’s correlation coefficients
(p) when CRAM expression was analyzed for
possible correlation with CCL19 and LCA

Variables CCL19 LCA
CRAM P 0.167" -0.120
p value 0.024 0.108

Note: “Correlation is significant at the 0.05 level (2-tailed).

expression has been detected on almost all
hematopoietic cells, including circulating T
cells, macrophages, neutrophils, monocytes,
CD34+ BM precursors, and natural Killer cells
[20]. In non hematopoietic cells, CRAM expres-
sion has been described in barrier cells such as
bronchial epithelium and endothelial cells [20].
Recently, efforts have been made to illustrate
the biological functions of CRAM. Using the
CRAM knockout mice model, Zabel et al. found
that CRAM is required to promote IgE-
dependent tissue inflammation and leukocyte
infiltration [9]. Otero et al. also suggested a
non-redundant role of CRAM in lung DC
trafficking to regional lymph nodes and in the
induction of Th2- driven allergic airway
inflammation [21]. More recently, evidence has
linked CRAM to cancer development and pro-
gression. Catusse et al. proposed that CRAM is
involved in the control of CCR7/CCL19 mediat-
ed responses and cell migration in B-cell chron-
ic lymphocytic leukemia [6]. Yin et al. revealed
that elevated CRAM promotes glioblastoma cell
migration and invasion in vitro [12]. However,
thus far, there has been no report on the clini-
cal implications and prognostic roles of CRAM.
In this study, we showed that CRAM is up-regu-
lated in cervical cancer as compared with nor-
mal cervical tissues. Additionally, the expres-
sion rate of CRAM in normal cervix, carcinoma
in situ of cervix, and cervical cancer increased
gradually in ascending order, indicating an
oncogenic role of CRAM in cervical carcinoma.

In the past few years, it has been proposed that
ACRs might function as tumour suppressors by
negative regulation of chemokine availability
[22]. Nibbs reported that D6 transgenic kerati-
nocytes have increased considerable protec-
tion from tumor formation, while D6-deficient
mice have enhanced susceptibility to cutane-
ous carcinoma formation in response to chemi-
cal carcinogens [23]. Shen et al. demonstrated
that DARC serves to clear angiogenic chemo-
kines from the prostate tumor microenviron-
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ment, and that lack of DARC contributes to
increased tumor growth [24]. Feng et al. unrav-
eled that overexpression of CCX-CKR signifi-
cantly inhibit lung cancer growth both in vivo
and in vitro [25]. Moreover, ACRs expression
has been associated with clinical prognosis for
cancer patients. Zeng et al. showed that DARC,
D6, and CCX-CKR and their coexpression were
significantly correlated with higher overall and
recurrence-free survival [26]. Our recent study
also indicated that DARC, D6, and CCX-CKR
expression may be considered as positive prog-
nostic indicators in patients with cervical squa-
mous cell carcinoma [13]. Interestingly, the
present study, in contrast to previous studies,
showed that CRAM expression is positively cor-
related with the lymph node status and overall
and recurrence-free survival in patients with
cervical cancer. Besides, CRAM expression
was positively correlated with the expression of
its chemokine ligand CCL19. The finding is
probably due to the lack of ability of CRAM to
scavenge chemokine ligands. It’'s possible that
the increased intra-tumor concentrations of
chemokines may promote cancer growth and
tumor cell dissemination. This hypothesis is
supported by Zabel and colleagues [9], who
demonstrated that CRAM could bind chemerin
and increase the local concentration of the
chemoattractant. When examining the correla-
tion of CRAM expression with LCA expression,
the finding is no longer significant, probably due
to lower sample size. Furthermore, CRAM
expression was higher in squamous cell carci-
nomas than that in adenocarcinoma, which is
in agreement with previous studies showing
that adenocarcinoma of the cervix carries
worse prognosis than squamous cell carcino-
ma of the cervix [27, 28].

In conclusion, this is the first study evaluating
the possibility of using CRAM as a ACR to pre-
dict poor clinical outcome in cervical cancer.
Our present results extended the limited
findings in our previous reports and pointed to
increasing levels of heterogeneity among the
atypical chemokine receptor family. Further
studies are needed to clarify the precise mech-
anism that CRAM might promote cervical can-
cer development and progression.
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