
Annals of Hepatology 21 (2021) 100265

Contents lists available at ScienceDirect

Annals  of Hepatology

jo  ur nal homep age: www.elsev ier .es /annalsofhepato logy

Original  article

Alterations  in  chemokine  receptor  CCR5  activity  influence  tumor  cell
biology  in  human  cholangiocarcinoma  cell  lines

Jiaqi  Yang a, David  Sontagb, Yuewen  Gongb,  Gerald  Y.  Minuk a,b,∗

a Section of Hepatology, Department of  Internal Medicine, Rudy Faculty of Medicine, University of Manitoba, Winnipeg, Manitoba, Canada
b College of Pharmacy, University of Manitoba, Winnipeg, Manitoba, Canada

a  r t i  c l e  i n  f  o

Article history:

Received 13 August 2020

Accepted 18 September 2020

Available online 9 October 2020

Keywords:

Chemotaxis

Chemokines

Chemokine receptors

CCR5

CCR6

Maraviroc

Cholangiocarcinoma

Chemokine receptor antagonists

Cell lines

Rantes

a  b  s  t  r  a  c  t

Introduction and objectives:  Intrahepatic  (I-CCA)  and  extrahepatic  (E-CCA)  cholangiocarcinoma (CCA)  have

different growth patterns and  risks for  tumor metastasis.  Inhibition  and/or  activation  of the  chemokine

receptor CCR subclasses  have been reported to alter  tumor cell  biology in non-CCA  cancers.  In  this  study

we  documented CCR expression  profiles  in representative human  I-CCA and  E-CCA cell  lines  and  the

in vitro effects of CCR antagonists  and  agonists  on tumor cell biology.

Materials  and  methods:  CCR expression  profiles  were  documented  by  real-time  reverse  transcription

polymerase  chain  reaction; cell  proliferation  by WST-1; spheroid  formation by  sphere  dimensions  in

anchorage-free medium; cell  migration  by  wound healing and invasion  by  Transwell  invasion  chambers.

Results:  All  10  CCR motifs  (CCR1-10)  were expressed in the  I-CCA, HuCCT1  cell  line and six  (CCR4,  5, 6, 8,

9  and  10)  in  the  E-CCA, KMBC cell line.  In  HuCCT1  cells,  CCR5 expression was  most  abundant  whereas  in

KMBC  cells,  CCR6 followed by  CCR5 were  most  abundant.  The  CCR5  antagonist Maraviroc significantly

inhibited  cell proliferation,  migration  and  invasion  in HuCCT1  cells,  and  spheroid  formation and invasion

in KMBC cells. The CCR5 agonist  RANTES had  no  effect on  HuCCT1  cells  but  increased cell  proliferation,

migration  and invasion  of KMBC  cells.

Conclusion:  These results suggest  that  CCR expression  profiles  differ in I-CCA and E-CCA.  They also  indicate

that CCR5 antagonists  and  agonists  have  cell-specific  effects  but in  general, CCR5  inactivation inhibits

CCA  tumor  cell  aggressiveness.  Additional  research  is  required  to  determine whether  CCR5  inactivation

is  of value  in the  treatment  of CCA in humans.
© 2020 Fundación  Clı́nica  Médica  Sur, A.C.  Published by  Elsevier  España, S.L.U. This  is an  open  access

article under the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Cholangiocarcinoma (CCA) is the most common primary malig-

nancy of the biliary tract. Traditionally, CCAs are divided into

intrahepatic and extrahepatic (including hilar and distal duct)

tumors (I-CCA and E-CCA respectively). In addition to  the anatom-

ical distinction, I-CCA and E-CCA also differ with respect their

growth patterns. Specifically, I-CCA tend to  be mass forming and

often metastasize whereas E-CCA tend to grow parallel to tissue

planes and rarely develop distant metastases [1,2].

Unfortunately, CCA treatment (both l-CCA and E-CCA) is often

palliative. Surgical excision and liver transplantation are potentially

curative but can only be offered to a  small minority of CCA patients

[3–6]. Chemotherapy and radiation therapy are  largely ineffective.

∗ Corresponding author.

E-mail address: gerald.minuk@umanitoba.ca (G.Y. Minuk).

Thus, it is not surprising that mean overall CCA patient survival

times are less than two  years [7,8].

Chemokines are 8–14 kDa proteins consisting of four main sub-

classes: C-, CC-, CXC- and CX3C- where C represents cysteine and

X  any amino acid residue. Beyond their traditional roles of  modu-

lating immune cell trafficking [9],  chemokine receptors (CRs: CC,

CXC, XC or  CX3C-R) and ligands (-L) also regulate non-immune cell

growth and migration [9,10].

In the setting of carcinoma, chemokine gradients within the

tumor microenvironment influence tumor cell survival, growth

and metastasis [11].  A well-studied example is  the chemotaxis

complex: chemokine receptor CXCR4 and its ligand CXCL12. This

receptor-ligand interaction has been implicated in the develop-

ment of tumor metastases for in excess of 20 distinct tumor types

[12].  In  addition, CR and chemokine interactions influence tumor

angiogenesis and the induction of tumor promoting growth factors

[11,13,14].

Despite the high mortality associated with CCA and importance

of chemotaxis in  regulating tumor cell biology, there are  a  paucity
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Abbreviations

CCR chemokine receptors

I-CCA intra-hepatic cholangiocarcinoma

E-CCA extra-hepatic cholangiocarcinoma

WST-1 water-soluble tetrazolium salt-1

RANTES regulated on activation, normal T cell expressed and

secreted

FBS fetal bovine serum

mTOR mechanistic target of rapamycin

CSC cancer stem cells

of reports describing chemotaxis in  CCA. In one of the few stud-

ies reported to  date, CXCR4-CXCL12 interactions were described

in both CCA tissues and cell lines [15].  In another, inhibition of

CXCR4 expression reduced CCA tumor cell proliferation, metas-

tasis and neural invasion whereas overexpression induced tumor

cell  invasion [16–20]. Finally, CXCR2-CXCL5 interactions have been

implicated in CCA tumor development and inhibition of CXCR2

expression has  been reported to significantly inhibit tumor growth

[21]. To date, there have been no reports describing the expression

profile or influence of the CCR subclass on I-CCA and E-CCA tumor

cell biology.

In the present study, we documented the CCR subclass expres-

sion profiles (CCR1-10) in representative human I-CCA and E-CCA

cell  lines. We  also documented the effects of a commercially avail-

able CCR5 antagonist (Maraviroc) and agonist (RANTES) on I-CCA

and E-CCA proliferation, spheroid formation, migration and inva-

sion.

2. Materials and methods

2.1. Cells and reagents

The human I-CCA HuCCT1 cell line was purchased from Sekisui

XenoTech (USA), and E-CCA KMBC cell line from ATCC (USA). Mar-

aviroc, a commercially available CCR5 antagonist was purchased

from Sigma-Aldrich, USA, and RANTES, a  CCR5 agonist from Invit-

rogen, USA.

2.2. Cell culture

HuCCT1 and KMBC cells were cultured in RPMI 1640 medium

supplemented with 110 mg/L sodium pyruvate, 10% HI- fetal bovine

serum (FBS), 100 U/mL penicillin and 100 �g/mL streptomycin

(Invitrogen, USA). All  cells were incubated at 37 ◦C in a  humidified

atmosphere of 5% CO2 and 95% air.

2.3. CCR expression profiles

Total RNA was extracted by TRIzol Plus RNA Purification (Invit-

rogen, USA). First strand cDNA was synthesized by  the iScriptTM

cDNA synthesis kit Reverse Transcription Kit  (Bio-Rad, USA) accord-

ing to the manufacturer’s instructions. Real-time polymerase chain

reaction (qPCR) was performed using the Power SYBR® Green PCR

Master Mix  (Invitrogen, USA). The specific primers are listed in

Table 1 and were designed with the respective sequences from Gen-

Bank by Oligo 7 software. PCR amplification was initially held at

95 ◦C for 10 min, then carried out by  applying 35 cycles comprised

of denaturation at 95 ◦C for 15 s, annealing temperature at 58 ◦C  for

1 min, followed by  a final melting curve stage using a  ViiATM 7 Real-

time PCR System (Applied Bio-systems, USA). Data were analyzed

by QuantStudioTM Real-Time PCR Software (Applied Bio-systems,

USA). The gene cycle threshold (CT) value of the target was  normal-

Table 1

Primers and conditions of real-time polymerase chain reaction.

Genes Primers (5′–3′)  Tm (◦C) Size (bp)

CCR1

Sense GACTATGACACGACCACAGAGT 60 117

Anti-sense TACCAAGGAGTACAGAGGGGG

CCR2

Sense AGTTCAGAAGGTATCTCTCGGTG 60 115

Anti-sense GGCGTGTTTGTTGAAGTCACT

CCR3

Sense GTCATCATGGCGGTGTTTTTC 60 155

Anti-sense CAGTGGGAGTAGGCGATCAC

CCR4

Sense AGAAGGCATCAAGGCATTTGG 60 137

Anti-sense ACACATCAGTCATGGACCTGAG

CCR5

Sense TTCTGGGCTCCCTACAACATT 60 93

Anti-sense TTGGTCCAACCTGTTAGAGCTA

CCR6

Sense TTCAGCGATGTTTTCGACTCC 60 134

Anti-sense GCAATCGGTACAAATAGCCTGG

CCR7

Sense TGAGGTCACGGACGATTACAT 60 134

Anti-sense GTAGGCCCACGAAACAAATGAT

CCR8

Sense GTGTGACAACAGTGACCGACT 60 173

Anti-sense CTTCTTGCAGACCACAAGGAC

CCR9

Sense ATGTCAGGCAGTTTGCGAG 60 105

Anti-sense TGCAGTACCAGTAGACAAGGAT

CCR10

Sense ATTACTCTGGGGATGAAGA 56 117

Anti-sense CCACGGTCAGGGAGACACT

ˇ-actin

Sense TCCTCTCCCAAGTCCACACAGG 60 131

Anti-sense GGGCACGAAGGCTCATCATTC

ized to  beta-actin. Gene expressions were calculated by using the

relative quantification method (2−�CT) [22].

2.4. Cell proliferation

HuCCT-1 and KMBC cells were seeded onto 96-well plates at

a density of 5000 cells per well in  100 �L of RPMI 1640 medium

with 10% FBS and incubated for 24 h.  The following day, cell culture

media (CM) was replaced with 5% heat inactivated FBS (Invit-

rogen, USA). During concentration-dependent experiments, cells

were exposed to CM alone or CM plus a  range of Maravirocs

(0.1–1000 nM)  and RANTES (1–50 ng/mL) concentrations for three

days. Time-dependent proliferative activity was tested from days 1

to 6 at CM alone or CM plus a constant Maraviroc concentration of

1000 nM,  RANTES 20 ng/mL or  a  combination of Maraviroc/RANTES

(1000 nM/20 ng/mL). At  the end of treatments, cell proliferation

was measured by adding premixed WST-1 reagent (Takara Bro,

USA) and incubating at 37 ◦C for 3 h.  Blank wells with CM alone

were used to  detect background activity.

2.5. Spheroid formation

HuCCT1 and KMBC cell lines were suspended in Dulbecco’s

Modified Eagle Medium/Nutrient Mixture F-12 (DMEM/F12)

medium (Invitrogen, USA), supplemented with 1 ×  B-27 Serum-

Free Supplement (Invitrogen, USA), 4 �g/mL heparin (Stem cell

Technologies, Canada), 100 U/mL penicillin and 100 �g/mL strepto-

mycin, 10 ng/mL epidermal growth factor (EGF) (Invitrogen, USA),

and 10 ng/mL basic fibroblast growth factor (bFGF) (Invitrogen,

USA) [23].  Cells were subsequently seeded at densities of 200 cells

per well in ultra-low attachment 96-well plates (Corning, USA), and

treated with either Maraviroc (1000 nM), RANTES (20 ng/mL), or

Maraviroc/RANTES (1000 nM/20 ng/mL). After 0,  3 and 6 days of
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Fig. 1. CCR subtype mRNA expression in HuCCT1 and KMBC cells as determined

by  real-time RT-PCR. Human activated peripheral blood mononuclear cells (PBMCs)

served as positive controls. Data presented as mean ± SD of three determinations.

culture, spheroids were photographed using an inverted micro-

scope (Optika, Italy). Cells treated with CM only served as the

controls. Aggregation diameter was measured and analyzed using

ImageJ software.

2.6. Cell migration

HuCCT1 and KMBC cell lines (0.5 × 106/mL, 2 mL  per well) were

seeded in 6-well plates and cultured with RPMI 1640 medium

supplemented with 10% FBS until confluent. Monolayers were

then scratched with a  200 �L pipette tip to generate a wound

according to the method described previously [24].  To inves-

tigate the effects of Maraviroc, RANTES and Maraviroc/RANTES

on  wound healing, cells were exposed to Maraviroc (1000 nM),

RANTES (20 ng/mL), and Maraviroc/RANTES (1000 nM/20 ng/mL).

Phase contrast images were captured at 0, 12 and 24  h.  Images

acquired for each cell group were analyzed quantitatively by  using

ImageJ software. By comparing images from each captured time

point, the migration capacity of cells was measured as the extent

of wound closure by calculating wound area.

2.7. Cell invasion

Twenty-four well Transwell permeable supports with 8  �m

pores (Corning, USA) were used to measure cell invasion. HuCCT1

or KMBC cells (1 ×  105)  in  100 �L  serum-free medium were  added

to the upper chambers. The lower chambers contained 650 �L

RPMI 1640 medium with either 10%  FBS, 5% heat inactivated FBS,

Fig. 2. Dose-dependent effects of the CCR5 antagonist (Maraviroc) and agonist (RANTES) on  HuCCT1 and KMBC cell proliferation. HuCCT1 and KMBC cells were exposed

to  Maraviroc or RANTES for 3 days. Panels A and B: Dose-dependent effects of Maraviroc and RANTES on  HuCCT1 cell and Panels C  and D: KMBC cell proliferation. The

stimulatory effects of RANTES on KMBC cell proliferation were no longer evident when KMBC cells were exposure to  the combination of Maraviroc/RANTES (M + R). Data

presented as mean ± SD. *: p  <  0.05, **: p <  0.01, ***: p < 0.001, ****: p  <  0.0001.
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Fig. 3. Time-dependent effects of the CCR5 antagonist (Maraviroc) and agonist (RANTES) on HuCCT1 and KMBC cell proliferation. HuCCT1 and KMBC cells were exposed

to  Maraviroc, RANTES, or Maraviroc/RANTES for 1, 3, and 6 days. Panels A and B:  Time-dependent effects of Maraviroc (1000 nM)  and RANTES (20 ng/mL) on HuCCT1 cell

proliferation. Panels C  and D: Time-dependent effects of Maraviroc (1000 nM) and RANTES (20  ng/mL) on  KMBC cells. The  inhibitory effects of Maraviroc on days 3 and 6  and

stimulatory effects of RANTES at all time points on KMBC cell proliferation were no  longer evident when KMBC cells were exposure to  the  combination of Maraviroc/RANTES

(Panel  E). Data presented as mean ± SD. *: p <  0.05.

Maraviroc (1000 nM), RANTES (20 ng/mL), or Maraviroc/RANTES

(1000 nM/20 ng/mL). After 24 h incubation, cells from the upper

surface membrane were removed with a  cotton swab. Penetrated

cells in the lower chamber were dissociated and collected by a  cell

dissociation buffer (Invitrogen, USA). Collected cells were counted

by a cell counter (Cellometer® Auto 2000, Nexcelom Bioscience,

USA).

2.8. Statistical analysis

All experiments were performed in  triplicate and repeated on

a minimum of three occasions. Significant differences were deter-

mined by repeated measures of ANOVA and/or Tukey’s multiple

comparison post hoc test. A Student’s t-test was used for com-

parisons of two groups. Data were analyzed by GraphPad Prism

6 statistical software (GraphPad Software, Inc., USA). Differences

with p values below 0.05 were considered statistically significant.

3. Results

The CCR expression profiles of HuCCT1 and KMBC cells are pro-

vided in Fig. 1.  All 10 CCR motifs (CCR1-10) were expressed in

HuCCT1 cells, while six (CCR4, CCR5, CCR6, CCR8, CCR9 and CCR10)

were detected in KMBC cells. The CCR motifs most abundant in

HuCCT1 cells were CCR5 followed by CCR7. In KMBC cells, CCR6

was most abundant followed by CCR5. Thus, as one of the higher

CCR expressed subtypes, the effects of the CCR5 antagonist Maravi-

roc, agonist RANTES and Maraviroc/RANTES combination on I-CCA

and E-CCA cell biology were further explored.

As shown in  Fig. 2A and B, in HuCCT1 cells, there were

no concentration-dependent alterations in cell proliferation with

Maraviroc or RANTES. However, in KMBC cells (Fig. 2C and D),  pro-

liferation was inhibited at the highest concentration of  Maraviroc

(1000 nM), and upregulated at RANTES concentrations of 5 ng/mL

and higher with maximum increased proliferation occurring at

20 ng/mL. Based on these findings, all further experimentation

was performed at a  Maraviroc concentration of 1000 nM,  RANTES

20 ng/mL and Maraviroc/RANTES (1000 nM/20 ng/mL). Of note, the

increase in KMBC cell proliferation that occurred with RANTES was

not observed following exposure to  the combination of Maravi-

roc/RANTES (data not  shown).

There were no time-dependent effects of Maraviroc or RANES

on HuCCT1 cell proliferation over the six days exposure (Fig. 3A).

However, in  KMBC cells, an inhibitory effect of Maraviroc on cell

proliferation was evident on  day 3 and more so on day 6 (p <  0.05

and 0.0001 respectively) (Fig. 3C).  On exposure to RANTES, KMBC

cell proliferation increased at all time periods (Fig. 3D). In  the

presence of both Maraviroc/RANTES, the inhibitory effects of Mar-

aviroc and stimulatory effects of RANTES were no longer evident

(Fig. 3E).

Fig. 4 demonstrates the results of spheroid formation in  HuCCT1

and KMBC cells following treatment with Maraviroc, RANTES,

or Maraviroc/RANTES. Neither Maraviroc, RANTES nor Maravi-

roc/RANTES altered spheroid information in  HuCCT1 cells (Fig. 4A).

On the other hand, spheroid formation was significantly inhibited

in KMBC cells following exposure to Maraviroc (Day 3 dimen-

sions for Maraviroc: 145 ± 6 nM versus control: 244.7 ± 11.2 nM,

p <  0.0001; Day 6: Maraviroc: 170.7 ± 17.6 nM versus control:

322.7 ±  23.7 nM,  p < 0.0001), while RANTES alone had no effect. In

the presence of both Maraviroc/RANTES, the inhibitory effect of

Maraviroc on KMBC cells was no longer evident.
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Fig. 4. Spheroid formation by HuCCT1 and KMBC cells in the presence of the CCR5 antagonist Maraviroc (1000 nM), agonist RANTES (20  ng/mL), and a combination of

Maraviroc/RANTES (1000 nM/20 ng/mL). Cells were seeded at densities of 200 cells/well in ultra-low 96-well plates to generate spheroids. Panel A: Spheroid formation in

HuCCT1 cells was  not influenced by Maraviroc, RANTES, or Maraviroc/RANTES. Sale bar: 50 and 100 �m. Panel B: Maraviroc inhibited KMBC spheroid formation on days 3

and  6 while RANTES had no effect. The inhibitory effect of Maraviroc was no  longer evident when KMBC cells were exposed to the combination of Maraviroc/RANTES. Sale

bar:  50 and 250 �m. Panel C: The  diameters of spheroid formation were measured by  software ImageJ. Data presented as mean ± SD. ****: p < 0.0001.

The effects of Maraviroc, RANTES and Maraviroc/RANTES on

cell migration were documented by the scratch wound healing

assay (Fig. 5). Here, Maraviroc inhibited HuCCT1 cell migration at

12 h (Fig. 5A and B), while RANTES had no significant effect. The

inhibitory effect of Maraviroc was no longer evident in  the presence

of Maraviroc/RANTES. In KMBC cells the inhibition of Maraviroc

at 12 and 24 h was not significant but increases in cell migration

occurred with RANTES at both time intervals. In the presence of

Maraviroc/RANTES, the increases associated with RANTES alone

were no longer evident (Fig. 5C  and D).

Finally, regarding cell invasion, Maraviroc inhibited HuCCT1 cell

invasion (Fig. 6A), whereas RANTES had no effect. The inhibitory

effect of Maraviroc was no longer evident in the presence of Mar-

aviroc/RANTES. In KMBC cells, Maraviroc inhibited while RANTES

increased cell invasion (Fig. 6B).  Of note, the increase observed with

RANTES persisted in the presence of Maraviroc/RANTES.

4. Discussion

The results of this study indicate that  CCR expression profiles

differed in these representative human I-CCA and E-CCA cell lines.

The results also indicate that a  specific CCR5 antagonist and agonist,

can alter tumor cell biology in a  cell-specific manner with the CCR5

antagonist being associated with attenuated and agonist, enhanced

tumor cell activities. Together, these findings could help to explain

the different tumor growth characteristics observed in  I-CCA and

E-CCA. They also raise the possibility that CCR5 antagonists may

have therapeutic benefit in the treatment of CCA.

Unfortunately there have been no previous reports document-

ing  the complete CCR expression profile in human CCA tissues or

cell lines. Thus, a comparative analysis with previous data could

not be undertaken. However, the CCR expression profile detected

in I-CCA was  similar to that described for human hepatocellular

carcinoma [25],  a finding that may  reflect the common risk  factors

and/or origin of these tumors [26].  Moreover, significant expres-

sion of CCR5 is  in  keeping with the high expression observed in the

livers of patients with chronic liver disease and its tumor promot-

ing properties which include activation of mTOR and AKT pathways

[27].

Overall, the CCR5 antagonist Maraviroc inhibited HuCCT1

growth promoting properties and to a  lesser extent, in  KMBC cells.

Specifically, Maraviroc inhibited HuCCT1 proliferation, migration

and invasion whereas in  KMBC cells, spheroid formation and inva-

sion were inhibited. Somewhat surprisingly, with the exception of

KMBC cell invasion, RANTES alone did not have opposing effects.

Presumably, this finding relates to  constitutive CCR5 activation

by an autocrine ligand [28]. That the addition of Maraviroc did

not reverse the increase in cell invasion associated with RANTES,

suggests the RANTES effect may  be CCR5-independent. However,

it is also possible the process is  concentration-dependent and

5



J.  Yang, D. Sontag, Y. Gong et al. Annals of  Hepatology 21 (2021) 100265

Fig. 5. Migration of HuCCT1 and KMBC cells after exposure to  the CCR5 antagonist Maraviroc (1000 nM), agonist RANTES (20 ng/mL) and combination of Maraviroc/RANTES

(1000  nM/20 ng/mL). Panels A and B:  Results in HuCCT1cells, and Panels C and D: in KMBC cells. Maraviroc delayed HuCCT1 wound closure at 12  h  while RANTES increased

KMBC wound closure at 12 and 24  h.  Both the inhibitory effects of Maraviroc and stimulatory effects of RANTES were no  longer evident when cells were exposed to the

combination of Maraviroc/RANTES. Sale bar: 250 �m.  ImageJ analysis of cell  migration was  determined by  measuring wound closure from phase-contrast images. Data

presented as mean ± SD. *: p <  0.05; **: p  <  0.01; ****: p  <  0.0001.

higher concentrations of Maraviroc may  have been more effec-

tive.

In terms of clinical relevance, the results of this study and those

obtained with the commercially available CCR5 antagonist Maravi-

roc in particular, suggest that in  CCA, therapeutic benefit might be

derived from CCR5 inhibition. Such an approach has been applied

to gastric cancers with some success [29].  The possibility is ren-

dered feasible by the fact the inhibitory concentration of Maraviroc

(1000 nM)  is well within the range reported in the blood  of patients

treated with this agent [30]. Also to be considered is whether

the use of a CCR5 antagonist in  the treatment of primary scleros-

ing cholangitis (PSC), a  condition associated with a significantly

increased risk of CCA, may  help to prevent the development or

course of these tumors in PSC patients.

Having confirmed that  at least in these two cell lines, I-CCA and

E-CCA possess different CCR expression profiles and respond dif-

ferently to a CCR5 antagonist and agonist, the question arises as to

why such differences exist. Both I-CCA and E-CCA consist of malig-

nant cholangiocytes. However, when analyzed for differences in the

expression of cancer stem cell (CSC) markers, significant differences

are evident. Specifically, CSC markers are expressed in greater than

90% of HuCCT1 cells but less than 5% of KMBCs cells (authors unpub-

lished data). Given that the prevalence of CSCs influences tumor cell

biology, this could explain the differences observed. Clearly, further

research is  required to test this hypothesis.

There are a  number of limitations to this study that  warrant

emphases. First, only one I-CCA and one E-CCA cell line were

studied. Whether similar results would have been obtained with

additional cell lines remains to  be determined. Second, due to the

lack of commercially available CCR antagonists other than Maravi-

roc, only the effects of CCR5 inhibition were documented. When

available, results obtained with a  CCR6 antagonist, the CCR subtype

expressed to  the greatest extent in KMBC cells, will be of interest.

Third, because CCR5 receptor inhibition and activation with Mar-

aviroc and RANTES respectively have been documented in  all other

cells studied to date, confirmation of the effects of these agents

on receptor activity per se  was  not undertaken. Finally, the results

6
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Fig. 6. Invasion of HuCCT1 and KMBC cells were documented with the use of Transwell invasion chambers, in the presence of Maraviroc (1000 nM), RANTES (20 ng/mL) and

the  combination of Maraviroc/RANTES combination (1000 nM/20 ng/mL). Panel A: Results in HuCCT1 cells and Panel B: in KMBC cells. Maraviroc inhibited HuCCT1 and KMBC

cell  invasion while RANTES increased KMBC cell  invasion. The stimulatory effect of RANTES on KMBC cell persisted in the presence of Maraviroc/RANTES. Data presented as

mean  ± SD. *: p < 0.05.

described reflect preliminary findings of an in vitro cell based sys-

tem. Additional studies in  animal models of CCA are warranted.

In conclusion, the results of this study support clinical obser-

vations that I-CCA and E-CCA have different tumor growth and

invasive properties. They also raise the possibility that these dif-

ferences reflect differences in CCR expression profiles. In general,

exposure to a specific CCR5 antagonist inhibited while an agonist

enhanced tumor cell properties. Additional studies are required to

determine whether inhibition of CCR5 has benefit in  the treatment

of CCA in humans.

Lay summary

Activation of chemokine receptors can alter the behavior of nor-

mal  and cancerous cells. This study revealed that bile duct cancers

which develop within the liver express different chemokine recep-

tors than those that develop outside the liver. This finding may  help

to explain why the two types of bile duct cancer behave differently.

Importantly, the results also indicate the behavior of bile duct can-

cer cells can be favorably altered by  blocking certain chemokine

receptors.
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