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Abstract
Background: Interleukin-6 (IL-6) massively released by cancer-associated �broblast (CAFs) has been
shown to associate with the malignant behavior of cholangiocarcinoma (CCA). In vitro studies
demonstrated the ability of CAFs-derived IL-6 to inhibit autophagy in CCA cells thus promoting their
proliferation and invasiveness potential. Here, we aimed to validate with clinical and molecular data the
hypothesis that CAFs in�ltration and release of IL-6 predict poor prognosis in CCA patients following
dysregulation of autophagy in cancer cells.

Methods: Stromal IL-6 and cancer cell-associated autophagy proteins LC3 and p62 were assayed by
Tissue MicroArray immunohistochemistry and their expression correlated with overall survival (OS) in a
cohort of 70 CCA patients. Additionally, copy number and mRNA expression data of BECN1, MAP1-LC3B,
p62/SQSTM1 and IL6 were extracted from a CCA database in TCGA and correlated with OS. 5-FU
Cytotoxicity in CCA cells was assessed by cell counting, clonogenic assay, cyto�uorometry and western
blotting and immuno�uorescence of apoptotic-related proteins.

Results: We show that patients bearing a CCA with low production of stromal IL-6 and active autophagy
�ux in the cancer cells have the best prognosis and this correlates with a more effective response to post-
operative chemotherapy. Similar trend was observed in CCA patients from TCGA database. In vitro
experiments with primary CAFs isolated from human CCA and epigenetic manipulations showed that IL-6
plays a pivotal role in determining the autophagy-associated apoptotic response to chemotherapeutic
drug in cultured human CCA cells.

Conclusions: Our data support a therapeutic strategy that includes autophagy-enhancing drugs along
with adjuvants limiting the stromal in�ammation (i.e., the secretion of IL-6) to improve the survival of CCA
patients. 

Background
Cholangiocarcinoma (CCA), the cancer of bile duct epithelia, is the second most common primary
malignancy of the hepato-biliary system, and its incidence rate has signi�cantly increased over the last
decades worldwide [1, 2]. CCA remains a major concern especially in the Southeast Asia, where the
pathogenesis is essentially associated with chronic liver �uke infection [3, 4]. Otherwise a deadly disease
with a 9% mortality ratio within three months [5], surgical resection followed by radio- and/or chemo-
therapies offers survival rates of approximately 20–40% and 5–10% at 5-year and 10-year, respectively [6,
7]. Surgery and chemotherapy (usually with gemcitabine, cisplatin or 5-FU) elicit however very modest
success [8]. Unfortunately, late diagnosis often precludes the possibility of surgical intervention.
Additionally, even in this case recurrence and progression with emergence of polychemoresistance are
very common, which explain the very poor prognosis of CCA) [9–11].

In the last decades, gene pro�ling [12–15] and clinical-histopathology [16–20] studies have greatly added
to our knowledge of the genes and molecular pathways that are involved in the pathogenesis and
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progression and de�ne the prognosis of CCA. The top genes that were found abnormally expressed in
CCA, with a frequency ranging from 10 to > 50% depending on the topographical location (intra or
extrahepatic), the population studied and the method include TP53, KRAS, CDKN2/p16INK4, FGFR2 gene
fusions, ERBB2, IDH1 and ARID1A [12, 15, 21]. The main molecular pathways that were found altered in
CCA include the chromatin rearrangement, epigenetic regulation, proliferation signaling, apoptosis and
DNA repair [21–23]. Besides, there are some evidence for involving autophagy in
cholangiocarcinogenesis [24–26]. Autophagy, the lysosomal-driven macromolecular degradation
pathway playing a major role in tissue homeostasis, is known to be dysregulated in cancer cells subject
to changes of the tumor microenvironment in terms of nutrients, oxygen, growth factors, cytokines and
other signaling molecules [27–29]. Recently, we have shown that IL-6 secreted by primary Cancer
Associated Fibroblasts (CAFs) isolated from human CCA is capable of inhibiting autophagy in CCA cells
and by doing so it stimulates their proliferation and invasiveness potential [30]. It remains to determine
whether such an effect is indeed happening in CCA bearing patients and, if so, whether it has any
prognostic value and signi�cance for therapeutic intervention.

In this work, we address this issue adding clinical evidence and in vitro mechanistic explanations in
support of the view that CAFs in�ltration indeed causes CCA progression through impairing the
autophagy �ux in cancer cells thus resulting in reduced chemoresponsiveness. Our experimental data,
together with bioinformatic analysis of TCGA data, demonstrate the relevance of IL-6 and of autophagy
proteins as prognostic markers in CCA patients. We also show that IL-6 is involved in autophagy-
mediated response to the chemotherapeutic drug 5-FU. The present data have therapeutic implications
supporting the inclusion of autophagy-enhancing drugs along with adjuvant therapies capable of
dampening stromal in�ammation for a better management of CCA.

Methods
Patients, samples, and Ethical issues

CCA tissue microarray (CCA-TMAs) of para�n-embedded cases originated from primary tumors of 70
patients who admitted to surgical wards of Srinagarind Hospital, Khon Kaen University, Khon Kaen,
Thailand, collected between 2014-2016. Written informed consent was obtained from all patients in
accordance with the Declaration of Helsinki and its later revision. The Human Research Ethics
Committee, Khon Kaen University, approved the research protocol (#HE601063).

Cell lines and primary cancer associated �broblasts

The human CCA cell line KKU-213 was obtained from the Liver Fluke and Cholangiocarcinoma Research
Center, Khon Kaen University (Thailand). KKU-213 cell line was maintained in standard culture conditions
in Ham’s F-12 medium supplemented with 10% heat-inactivated FBS, 1% Glutamine (Sigma–Aldrich) and
1% Penicillin/Streptomycin (Sigma–Aldrich) (referred to as CoM, Control Medium), in atmosphere of 5%
CO2 at 37°C. Primary culture of CCA-associated �broblasts (CAFs) was isolated using a standard
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procedure from CCA of a patient who underwent surgery at Srinagarind Hospital, Khon Kaen University
(Thailand). CAFs were cultivated in Ham’s F-12 media containing 10% FBS for 10–15 days to allow the
formation of colonies (designated as passage 0). CAFs cells were sub-cultured when 80% con�uent,
banked and used for experimental studies at passages 5–13.

Antibodies and Reagents

The primary antibodies used for immunohistochemistry (IHC), immuno�uorescence (IF) and Western
blotting (WB) were purchased from Abcam (Cambridge, MA, USA), anti-LC3 (IHC 1:500; WB 1:1,000; IF
1:100), anti-p62 (IHC 1:500; WB 1:500; IF 1:100), anti-IL-6 (IHC 1:1,000; WB 1:1,000; IF 1:100), BAX (WB
1:2,000; IF 1:100), and BCL-2 (WB 1:1,000; IF 1:100). Peroxidase-conjugated EnvisionTM IHC secondary
antibody was purchased from DAKO, Denmark. Horse radish peroxidase (HRP)-conjugated goat anti-
mouse (1:2,000) or goat anti-rabbit (1:2,000), both from BioRad (Hercules, CA) were used as secondary
antibodies for WB. Alexa FluorTM 555 goal anti-mouse IgG (red �uorescence) from Life technologies or
Alexa FluorTM 488 goal anti-rabbit IgG (green �uorescence) from Invitrogen, both from Thermo Fisher
Scienti�c Co. ltd, MA, USA were used for IF. Hoechst, trihydrochloride trihydrate from Invitrogen was
added to stain the nucleus.

Cytotoxicity assay

Cells were plated in triplicate in 96-well plates at 1 x 103 cells con�uence per well. Twenty-four hours later,
the cells were treated with CAFs-CM with or without 5-FU or their combination for 48 h at the
concentrations indicated. Cell viability was measured using a SRB assay. Cell viability numbers were
determined by calculating the average OD from three wells and the experiment was repeated in triplicate.

Cell viability

Cell viability was evaluated using a colorimetric assay. Cell viability was measured based on colonies
formation assay stained with 0.5% crystal violet. Brie�y, KKU-213 cells (200 cells/well) were cultured in
six-well plates and incubated with 5-FU for 10 days. The medium and substances for treatment were
renovated every 3 days (day 3, day 6, and day 9). At the end of the treatment, the cells were washed with
1X PBS, �xed with 10% TCA (trichloroacetic acid), stained with a 0.05% crystal violet solution, and
washed with tap water until excess dye was removed. The colony number was counted by photometric
measurements using the CellCounter software (Nghia, Ho) version 0.2.1. Three independent experiments
were performed for each assay condition. Flow cytometry was performed as previously described using a
propidium iodide (PI, 50 µg/ml �nal concentration) (Alexis Laboratories, San Diego, CA, USA) and
analyzed in a FacScan �ow cytometer (Becton Dickinson, USA).

Immunohistochemical analysis

LC3, p62 and IL-6 were detected on the CCA-TMAs of 70 para�n embedded sections using standard
immunohistochemistry protocols. In brief, tissue sections were depara�nized in xylene and rehydrated in
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a series of concentrations of ethanol. Thereafter, antigen retrieval was performed by microwaving
sections in 10 mM sodium citrate (pH 6) + 0.1% Triton X-100, 10 min for LC3 and p62 protein, and 10 mM
sodium citrate (pH 6), 10 min for IL-6 protein antigens retrieval. Then, the sections were endogenous
peroxidase activity blocked with 0.3% H2O2 for 30 min. Nonspeci�c binding was blocked by 10% skim
milk in 1x phosphate-buffered saline (1X PBS) for 30 min. Sections were incubated with the primary
antibody at 4°C in a moisture chamber, overnight. After that, sections were incubated with peroxidase-
conjugated Envision secondary antibody (Dako, Glostrup, Denmark). The color was developed with 0.1%
diaminobenzidine tetrahydrochloride solution for 5 min and the sections were counterstained with
Mayer’s hematoxylin. The CCA-TMAs sections were observed under a light microscope (Eclipse, Ni-U,
Nikon Instruments Inc. USA) by using the high magni�cation power x200. The staining frequency of
proteins was semiquantitatively scored based on the percentages of positive cells, as follows: 0% =
negative; 1–25% = +1; 26–50% = +2; and >50% = +3. The intensity of protein staining was scored as weak
= 1, moderate = 2, and strong = 3 [31].

Western blot analysis

KKU-213 cell line was lysed with radioimmuno-precipitation assay (RIPA) buffer containing protease
inhibitor cocktails, 0.5M NaF, 0.2M NaVO4, 1M Tris-HCl pH 7.5, 0.5M EDTA, 2.5M NaCl, 10% (v/v) NP-40,
10% (w/v) SDS, Triton X-100 and deionized water. Protein assay using bicinchoninic acid (BCA; Thermo
Scienti�cTM, Rockford, USA). 20 µg of liver homogenated was fractionated by SDS-PAGE and transferred
to a polyvinylidene �uoride membrane (Whatman, Dassel, Germany). The membranes were incubated
overnight at 4°C with the primary antibody, followed by incubation with the appropriate secondary
antibody at room temperature for 1 h. Enhanced Chemiluminescence Plus solution (GE Healthcare,
Buckinghamshire, UK). Band intensity was quanti�ed with ImageQuant Imager and ImageQuant analysis
software (GE Healthcare, Uppsala, Sweden). Intensity of the bands was estimated by ImageJ software
(NIH, Bethesda, MD, USA). The membranes were also stained for β-actin as an internal control of protein
loading.

Immuno�uorescence staining

CCA cell on coverslips were selected for double immuno�uorescence staining with the indicated primary
antibody. The appropriate secondary �uorescent antibody and Hoechst were added to stain the nucleus.
Antibodies were diluted in 0.1% Triton X-100 in 1X PBS + 10% FBS. Fluorescence was captured with a Carl
ZEISS 710 confocal �uorescence microscope (Carl Zeiss Microscopy GmbH, Jena, Germany) equipped
with ZEN Software.

Transient knockdown of small interfering RNA for IL-6 into CAFs

CAFs (1 × 105 cells) isolated from CCA tissues were seeded in a six well plate for 24 h prior to
transfection. Small interfering RNA (si-RNA) transfection was performed using Lipofectamine RNAiMAX
(Invitrogen). Stealth RNAi si-RNA for IL-6 (Invitrogen), or stealth RNAi si-RNA negative control (Invitrogen),
were transfected at a �nal concentration of 5 nM. After 24 h of transfection, media was changed to 10%



Page 6/49

FBS HAM F’12 and cultured for 24 h. CAFs-CM was collected by growing CAFs for 2 days until CAFs
reached about 80% con�uence. Then CAFs-CMs were centrifuged at 1,000 g for 10 min to remove cell
debris, sterile �ltered and stored at -80˚C until used.

The Cancer Genome Atlas (TCGA)

We have collected the clinical data on cholangiocarcinomas from cBioportal publicly available online
platforms (www.cbioportal.org). The dataset that we interrogated from the Cancer Genomic Atlas Project
(TCGA, Firehose Legency) report a total number of 34 cholangiocarcinoma patients/samples (including
intrahepatic, extrahepatic and perihilar cancer subtypes). We extracted the information related to
messenger RNA (mRNA) expression (at https://genome-cancer.ucsc.edu/proj/site/hgHeatmap), and we
analyze the cross-comparison between pair of genes based on mRNA expression groups for BECN1,
MAP1-LC3B, p62/SQSTM1 and IL6. All statistical analyses were performed using Excel and SAS software
(9.4.version, SAS Institute Inc., Cary, NC) following SAS/STATs and represented in box plot format. The P-
value < 0.05 was considered signi�cant.

Statistical analysis

The relationship between IL-6 and autophagy proteins expression and clinicopathological factors was
analyzed using χ2 test, Fisher's exact test or Kruskal-Wallis test. OS was de�ned as the period from the
date of surgery to the date of death or the last day of follow up. Survival curves were analyzed with the
Kaplan-Meier method and compared using the log-rank test. Multivariate analysis of putative prognostic
factors was evaluated in a Cox proportional hazards model. Correlation between two continuous
variables was calculated using Pearson’s correlation coe�cient (r). Data are presented as mean ± S.D. All
analyses were two-sided P-value less than 0.05 was considered statistically signi�cant. Statistical
analyses were performed using SPSS 20.0 statistics software (SPSS Inc., Chicago, IL).

Results

Clinicopathological data of CCA patients
Seventy cases of CCA tissue micro array (TMA) liver sections, from male (62%) and female (38%)
patients aged between 32 and 82 years old (median = 60 years old) were included in the study.
Pathological examination con�rmed that all cases were intra-hepatic adenocarcinomas from bile ducts.
All 70 cases were subjected to surgical resection. Chemotherapy was administered to 6 patients before
and to 24 patients after surgery, while 40 patients were not subjected to any chemotherapy. During a
median of 1.3 (range, 0.01–5.20) months of follow-up, 34 of the 70 patients (48.57%) died. Follow-up
information were available for the 36 patients surviving up to 100 months. The clinicopathological
characteristics of CCA patients, including age, sex, tumor staging, tumor size, tumor-node-metastasis
(TMN), histological grading and chemotherapy with respect to the level of LC3 and p62 expression in
cancer cells and of IL-6 in CAFs are presented in Table 1.

http://www.cbioportal.org/
https://genome-cancer.ucsc.edu/proj/site/hgHeatmap
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Table 1
Clinicopathological variables of and IL-6 in CAFs, LC3 and p62 in cancer cells of 70 CCA

samples in the study cohort
Factor n LC3 P P62 P IL-6 (in CAFs) P

Low High Low High Low High

Age (years)

≤ 55 35 16 19 0.316 27 8 0.500 20 15 0.500

> 55 35 19 16   26 9   19 16  

Sex

Female 27 13 14 0.500 22 5 0.275 16 11 0.412

Male 43 22 21 31 12   23 20  

Histological types

Non-pap 33 18 15 0.316 26 7 0.388 17 16 0.335

Papillary 37 17 20   27 10   22 15  

Tumor staging

I/II 39 17 22 0.168 29 10 0.496 22 17 0.544

III/IV 31 18 13   24 9   17 14  

Tumor size (T stage)

T1/T2 40 18 22 0.235 32 8 0.246 22 18 0.542

T3/T4 30 17 13   8 9   17 13  

Metastasis to lymph nodes (N stage)

N0 44 23 21 0.342 33 11 0.099 25 19 0.412

N1/N2 26 12 14   20 6   14 12  

Metastasis to organs (M stage)

M0 65 34 31 0.178 51 14 0.088 37 28 0.391

M1 5 1 4   2 3   2 3  

Resection status

R0 49 24 25 0.500 37 12 0.604 26 23 0.339

Correlation between IHC score and clinicopathological by Fisher’s exact probability test.

*p value less than 0.05 was considered statistically signi�cant.
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Factor n LC3 P P62 P IL-6 (in CAFs) P

Low High Low High Low High

R1 21 11 10   16 5   13 8  

Drug regimen after surgical resection

No 46 24 22 0.401 38 8 0.604 30 16 0.025*

Yes 24 11 13   15 9   9 15  

Recurrence after surgical resection

No 51 23 28 0.141 36 15 0.088 29 22 0.480

Yes 19 12 7   17 2   10 9  

Correlation between IHC score and clinicopathological by Fisher’s exact probability test.

*p value less than 0.05 was considered statistically signi�cant.

IL-6 expression in �brotic stroma associates with poor prognosis in CCA patients

Immunohistochemical (IHC) staining of IL-6 and of the autophagy markers LC3 and p62 was performed
and the staining intensity scored in epithelial and in stromal (namely, CAFs) cells. Faintly to negative
staining of all the three proteins tested was found in normal bile duct epithelia (Fig. 1a). In contrast, CAFs
and cancer cells showed positivity, yet to different extent. On the whole, the percentage of positive cells in
human CCA tissues was 50% for IL-6, 24% for LC3 and 44% for p62. The IHC for IL- 6 expression in the
cytoplasm was scored separately for epithelial cancer cells and in �brotic (CAFs-enriched) area (Fig. 1).
The staining ranged from absent (score 0) to strong (score 3) in CCA tissues. Twenty four of 70 cases
(34%) were positive in only �brotic area (Fig. 1a-iii), 7 cases (10%) were positive in cancer epithelial cells
(Fig. 1a-iv), and 39 cases (56%) were positive in both cancer epithelial cells and �brotic areas (Fig. 1a-v).
No signi�cant differences between staining patterns and clinicopathological features, such as age, sex,
presence of lymph node metastasis or distant metastasis, grading, as well as tumor location and size
were observed (Table 1). To be noted, Fisher’s exact test indicated a signi�cant inverse correlation of IL-6
positive staining in cancer cell and �brotic areas and the drug regimen status (Table 1, P < 0.025). Further,
and most importantly, survival analysis demonstrated that high IL-6 in CAFs-containing �brotic area was
signi�cantly associated with a shorter 5-year overall survival, in univariate (Fig. 1c; I = 0.024) and
multivariate analyses (Table 2; HR = 0.562; CI = 0.338–0.934; P = 0.026).
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Table 2
Multivariate Cox regression model for disease-free survival including IL-6 in CAFs, LC3

and p62 in cancer cells
Variable

(no. of

patients)

No. of patients

who died (5-year

survival cut-off)

Hazard ratio

(HR)

95% Con�dence

interval (CI)

P-value

LC3 (in cancer) IHC score

Low 35 1    

High 35 0.401 0.236–0.681 0.001**

p62 (in cancer) IHC score

Low 53 1    

High 17 0.699 0.400-1.221 0.208

IL-6 (in CAFs) IHC score

Low 39 1    

High 31 2.004 1.138–3.527 0.016*

Age (years)        

≤ 55 35 1    

> 55 35 0.505 0.308–0.828 0.252

Sex        

Female 27 1    

Male 43 0.844 0.507–1.407 0.516

Histological types        

Non-papillary 33 1    

Papillary 37 1.174 0.725–1.903 0.514

Tumor staging        

I 11 1.336 0.380–2.129 0.900

II 19 1.000 0.339–0.839 0.511

Multivariate analysis by Cox proportional hazard regression.

CI 95% indicates 95% con�dence interval.

*p value less than 0.05 was considered statistically signi�cant.
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Variable

(no. of

patients)

No. of patients

who died (5-year

survival cut-off)

Hazard ratio

(HR)

95% Con�dence

interval (CI)

P-value

III 19 4.670 1.698–12.33 0.414

IV 21 2.070 0.330–0.869 0.013*

Multivariate analysis by Cox proportional hazard regression.

CI 95% indicates 95% con�dence interval.

*p value less than 0.05 was considered statistically signi�cant.

High expression of LC3 along with low expression of p62 in CCA cells correlate with better prognosis

Given the potential involvement of autophagy in CCA progression [24–26, 32–34], we sought to assess
the IHC expression pro�le of the autophagy proteins LC3 (a marker of autophagosome) and
p62/SQSTM1 (a marker of the autophagy cargo) in CCA TMAs (Fig. 2). The high IHC score of LC3
(Fig. 2a) showed a positive association with longer overall survival of CCA patients, in univariate (Fig. 2b;
green line; P = 0.001) and multivariate analysis (Table 2; HR = 0.401; CI = 0.236–0.681; P = 0.001). Of note,
no signi�cant associations between p62 IHC staining and clinical outcome was found (Fig. 2c).
Consistently, the prognosis was better in patients bearing a CCA with high expression of LC3 along with
low (green line) or high (violet line) p62 expression, compared to patients bearing a CCA with low
expression of LC3 (Fig. 2d). The Spearman’s correlation test was performed to examine the relationship
between LC3 and p62 expressions in epithelial cancer cells (Fig. 2e). The pattern of high LC3 but low p62
showed a positive correlation in CCA tissues (Fig. 2e; rho = 0.518; P = 0.000), supporting the view that high
LC3 was re�ecting effective autophagy degradation of the cargo. Remarkably, the combined pattern of
high LC3 and low p62 showed a signi�cant correlation with the best overall survival, in univariate (Fig. 2d;
green line; P = 0.001) and multivariate analysis (HR = 2.344; CI = 1.222–4.496; P = 0.01).

Correlation between IL-6, LC3 and p62 expression and with clinicopathologic features of CCA patients

At this point, it was mandatory to check whether in�ammation (marked as IL-6 production in �brotic
stroma) and autophagy (marked as LC3 up-expression and p62 down-expression in epithelial cancer
cells) were correlated and how the various combinations would correlate with clinical prognosis. With
regard to the IHC protein expression scores, of the 70 cases, 18 cases (25.7%) were classi�ed as low IL-6,
low LC3 and low p62 (L/L/L); 11 cases (15.7%) were classi�ed as low IL-6, high LC3 and low p62 (L/H/L);
1 case (1.4%) was classi�ed as low IL-6, low LC3 and high p62 (L/L/H); 9 cases (12.9%) were classi�ed
as low IL-6, high LC3 and low p62 (L/H/H); whereas 14 cases (20.0%) were classi�ed as high IL-6, low
LC3 and low p62 (H/L/L); 9 cases (12.9%) were classi�ed as high IL-6, high LC3 and low p62 (H/H/L); 2
cases (2.9%) were classi�ed as high IL-6, low LC3 and high p62 (H/L/H); and, �nally, 6 cases (8.6%) were
classi�ed as high IL-6, high LC3 and high p62 (H/H/H). Assuming the autophagy �ux proceeds to
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completion when LC3 is up-expressed along with p62 down-expressed, the autophagy �ux was clearly
effective in 20 cases, of which 11 presented with low and 9 presented with high expression of IL-6. These
numbers do not allow to draw any convincing correlation between the level of IL-6 in the stroma and the
level of autophagy in cancer cells.

Next, we calculated the overall survival for the patients classi�ed according to the above combinations.
The Kaplan–Meier curves are shown in Fig. 3. It was found that the pattern of L/H/L, representing a low
in�ammatory stroma (low IL-6 staining) and an e�cient autophagy �ux in cancer cells (high LC3 and low
p62) was signi�cantly associated with the best prognostic clinical outcome (Fig. 3, green line; P = 0.007).
In multivariate analysis, this scoring pattern was an independent and signi�cant variable that predicted a
favorable prognosis. The hazard ratio [HR] for death based on this variable was 2.535 (95% con�dence
interval [CI] 1.122–5.727; P = 0.025, Table 3). To be noted, the pattern with low IL-6 in the stroma and high
LC3/high p62 in cancer cells (violet line; L/H/H; HR: 1.659, 95% CI: 0.813–3.384) also showed a good
prognosis when compared to the other patterns having high IL-6 and/or low LC3 expression. Thus,
disregarding the expression of p62, the combination of low (stromal) IL-6 with high (cancer) LC3 seems
to provide the patients with a higher survival probability (HR: 0.317, 95% CI: 0.147–0.687 for L/H/L and
HR: 1.659, 95% CI: 0.813–3.384 for L/H/H; see also Table 3), consistent with the data shown in Fig. 2d.
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Table 3
Multivariate Cox regression model for disease-free survival including IL-6 in CAFs, LC3

and p62 in cancer cells (combined model)
Variable

(no. of patients)

(IL-6/LC3/p62)

No. of patients

who died (5-year

survival cut-off)

Hazard ratio

(HR)

95% Con�dence

interval (CI)

P-value

Low/Low/Low        

No 52 1    

Yes 18 0.577 0.312–1.069 0.081

Low/High/Low        

No 59 1    

Yes 11 0.317 0.147–0.687 0.004**

Low/Low/High        

No 69 1    

Yes 1 0.322 0.043–2.405 0.269

Low/High/High        

No 61 1    

Yes 9 1.659 0.813–3.384 0.164

High/Low/Low        

No 56 1    

Yes 14 1.901 1.028–3.513 0.040*

High /High/Low        

No 61 1    

Yes 9 0.612 0.298–1.256 0.181

High /Low/High        

No 68 1    

Yes 2 0.944 0.229–3.889 0.937

Multivariate analysis by Cox proportional hazard regression.

CI 95% indicates 95% con�dence interval.

*p value less than 0.05 was considered statistically signi�cant.
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Variable

(no. of patients)

(IL-6/LC3/p62)

No. of patients

who died (5-year

survival cut-off)

Hazard ratio

(HR)

95% Con�dence

interval (CI)

P-value

High /High/High        

No 64 1    

Yes 6 1.067 0.460–2.478 0.880

Multivariate analysis by Cox proportional hazard regression.

CI 95% indicates 95% con�dence interval.

*p value less than 0.05 was considered statistically signi�cant.

The role of adjuvant chemotherapy and of in�ammatory and autophagy markers expression in patient
survival

Next, we assessed how and whether postoperative chemotherapy had affected the patient survival
depending on the in�ammatory and autophagy levels in the cancer. Thirty patients received
chemotherapy (6 before and 24 after surgery), which included gemcitabine for 8 patients (26.7%; 12.29%
of total), cisplatin for 7 patients (23.3%; 10.61% of total) and 5-FU for 15 patients (50%; 21.33% of total).
In an attempt to clarify the respective role of chemotherapy versus CCA in�ammation/autophagy status
in the clinical outcome, we estimated the overall survival in the patients with favorable status (based on
above analysis), i.e., with low IL-6, high LC3 and low p62, that were subjected or not to chemotherapy (see
Fig. S1). Additionally, to see whether the chemotherapy per se affected the clinical outcome, we have
estimated the overall survival also for the other patients. The Kaplan-Meier curves are shown in Fig. 4. It
is clearly apparent that patients who could not bene�t of chemotherapy had the poorest outcome
(Fig. 4a). Strikingly, the patients bearing a CCA with low IL-6 in �broblasts and high LC3 and low p62
pattern in cancer cells (L/H/L) were the ones most bene�ting the adjuvant chemotherapy. This outcome
was statistically signi�cant (Fig. 4a, purple line; L/H/L; P < 0.01). The univariate and multivariate analyses
were performed to evaluate the prognostic factors affecting overall survival for the low IL-6, high LC3 and
low p62 pattern with drug-based therapy (Table 4). Multivariate analysis indicated that the status of drug-
treated plus low IL-6 plus high LC3 plus low p62 was an independent factor associated with longer overall
survival. Overall, we found a positive correlation between drug-treated and low IL-6 (in �broblasts) plus
high LC3 plus low p62 in cancer cells (Table 5; Pearson r = 0.898, P < 0.01). Based on the previous
observations, we assumed that high expression of LC3 could impact the chemoresponsivity regardless of
the level of p62 expression
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Table 4
Multivariate Cox regression model for disease-free survival including drug

receivable, IL-6 in CAFs, LC3 and p62 in cancer cells (combined model)
Variable

Drug regimen/IL-6/LC3/p62

Hazard ratio

(HR)

95% Con�dence

interval (CI)

P-value

No/Others 1

0.595

0.082-4.300 0.607

Yes/Others 1

0.154

0.019–1.267 0.082

No/Low/High/Low 1

0.581

0.080–4.227 0.592

Yes/ Low/High/Low 1

0.095

0.012–0.766 0.027*

Multivariate analysis by Cox proportional hazard regression.

CI 95% indicates 95% con�dence interval.

*p value less than 0.05 was considered statistically signi�cant.

Table 5
Pearson correlation coe�cients between IHC scores of t drug receivable, IL-6 in CAFs,

LC3 and p62 in cancer cells (combined model) components in human CCA tissues

  Drug regimen Low IL-6/High LC3/Low p62

Drug regimen Pearson Correlation

Sig. (2-tailed)

N

1

70

.898**

.000

70

Low IL-6/High LC3/Low p62

Pearson Correlation

Sig. (2-tailed)

N

.898**

.000

70

1

70

*p value less than 0.05 was considered statistically signi�cant.

To test this hypothesis, we have estimated the OS in the cohort of 30 patients subjected to chemotherapy
considering the group bearing a high LC3-expressing CCA along with low IL-6 in CAFs (regardless of p62
expression) (n = 13) vs the other combinations (n = 17). Again, the former group showed a better OS
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(Fig. 4b). Finally, we compared the OS of this group (13 patients) vs the group of patients bearing a tumor
with high stromal IL-6 and low cancer cell LC3 (n = 7) and the group of patients bearing a tumor with
other combinations (n = 10), and again the former group showed a better survival (Fig. 4c).

Expression of autophagy markers and clinical outcome in CCA-bearing patients from TCGA database

Above data refer to a cohort of patients living in a speci�c geographic area (province of North-Eastern
part in Thailand) where liver �uke O. viverrini infection is a recognized cause of CCA. To see whether our
observation could be extended to CCA cases from other countries, and likely with a different
pathogenesis, we have interrogated the TCGA database. Thirty-four cases are reported in the database for
which are available, with some exceptions, data on the mRNA expression and Copy Number Variation
(CNV) of IL-6 and of the autophagy genes LC3, p62/SQSTM1, and BECN1, along with information on
Overall Survival (OS). BECN1 is the �rst identi�ed mammalian autophagy gene, and it is a
haploinsu�cient tumor suppressor coding for the BECLIN1 protein [35]. Details of this cohort of patients
are provided in Table 1S. The oncoprint showing the alterations in BECN1 and MAP-LC3B gene
expression is shown in Fig. S2a. Data on mRNA expression of LC3 were available for 33 CCA, of which 4
with high expression (2 patients underwent chemotherapy) and 29 with low expression (only 7 patients
underwent chemotherapy). Though not statistically signi�cant because of the small numbers, the trend
shows that the patients bearing a CCA highly expressing LC3 have a better prognosis seen as OS (Fig. 5,
panels a and b). Consistently, better prognosis was observed in patients bearing CCA with MAP-LC3B
gene ampli�cation (n = 5) compared to patients bearing CCA with diploid CNV (n = 22) or with shallow
(monoallelic) deletion (n = 6) (not shown). Data on BECN1 mRNA expression was available for 34
patients (Fig. S2b). Quite surprisingly, the 29 patients bearing a CCA expressing low level of BECN1
showed a better OS (not signi�cant; P = 0.23) than the 5 patients bearing a CCA expressing high level of
BECN1 (Fig. S2c). It should be considered, however, that the latter patients were not subjected to
chemotherapy whereas in the group of low BECN1 expressors 9 patients were subjected to chemotherapy.
Also, to be noted, the 5 CCA with high BECN1 expressed low level of LC3 (Fig. S2d). Interestingly, 4
patients with low BECN1 and high LC3 tumor (2 of them underwent chemotherapy and 2 did not) showed
a much better prognosis (not signi�cant; P = 0.37) than 5 patients with high BECN1 and low LC3 tumor
(Fig. S2e). Data on p62/SQSTM1 gene alteration and OS were available for 33 patients (Fig. S3). Though
not statistically signi�cant (P = 0.99) because of the small numbers, we found that 29 patients bearing
CCA with low level of p62 (only 8 underwent chemotherapy) showed a much better prognosis than 4
patients bearing CCA with high level of p62 (no one underwent chemotherapy) (Fig. S3). Assuming that
low accumulation of p62 in cancer cells is indicative of increased autophagy �ux, these data are
consistent with the above data on LC3. Data on IL-6 gene alteration and OS were available for 34 patients
(Fig. S4), of which the three bearing CCA with high expression showed the worse prognosis (not
signi�cant; P = 0.71). Unfortunately, there are no data available in the TCGA dataset for the level of IL-6
speci�cally expressed in the stroma.

IL-6 secreted by CAFs inhibits autophagy and reduces the chemosensitivity of CCA cells
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To explain the above data, we hypothesized that IL-6 released by CAFs negatively affected the
chemosensitivity of neighboring CCA cells via inhibiting the autophagy stress-response to the drug. To
this end, we have speci�cally inhibited the production of IL-6 by transfecting the CAFs with an appropriate
si-RNA. The data shown in Fig. 6 prove that the si-RNA transfection effectively down-regulated the
expression and secretion in the medium of IL-6 by CAFs, without altering their myo�broblast-like
phenotype (as monitored by α-SMA expression).

Next, we tested whether and how the conditioned media from control or si-RNA-transfected CAFs would
affect the autophagy regulation and the chemosensitivity of CCA cells. To this end, we employed the KKU-
213 cell line that was shown to be very aggressive in previous study [30]. As a representative of
chemotherapeutics, we chose 5-FU because it is the one mostly used for the adjuvant therapy in our
cohort of patients. We monitored the cell growth of KKU-213 cells incubated for up to 96 h in medium
from control or si-IL-6-transfected CAFs and exposed to 5-FU. SRB staining, which re�ects the protein
mass in the culture, indicated that cell growth was stimulated by CAFs-conditioned (scramble) medium
while it was inhibited by conditioned medium derived from si-IL6-transfected CAFs (Fig. 7a). More
importantly, the growth was greatly inhibited by 5-FU, and even more when the treatment was performed
in the cells incubated with the CAFs-conditioned medium lacking IL-6 (Fig. 7a). The clonogenic assay
con�rmed that 5-FU could inhibit the proliferation of KKU-213 cells more effectively when incubated in the
medium of CAFs avoid of IL-6 (Fig. 7b and 7d). Cyto�uorometer analysis further proved that this effect
was not merely due to a block of cell proliferation and instead was due to induction of cell death, very
likely apoptosis based on the hypodiploid subG1 peak (Fig. 7c and 7e). To be noted, when treated with 5-
FU the percentage of the subG1 population (referable to apoptotic cells) in control medium was of
approx. 33% while in CAFs-derived medium was of approx. 23% (i.e., one-third less) and in IL-6 de�cient
CAFs-derived medium was of approx. 57% (i.e., it nearly doubled). Finally, we asked whether the CAFs-
derived effects on chemo-responsivity to 5-FU was linked to autophagy in CCA cells. We further
investigated on the link between the CAFs secretions (from scramble si-RNA- or siRNA IL-6-transfected)
and the autophagy-dependent response to 5-FU. To this end, we looked at the expression of the
autophagy proteins LC3 and p62, of the pro-apoptotic protein BAX and of the ant-apoptotic protein BCL-2.
In drug-untreated cultures, compared to the protein expression in cells cultivated in standard medium, the
IL-6 rich conditioned CAFs-medium limited the activation of autophagy (reduced conversion of LC3-I into
LC3-II; accumulation of p62) and reduced the expression of BAX, whereas the IL-6 de�cient CAFs medium
(upon si-IL-6 transfection) greatly stimulated the autophagy �ux, reduced the expression of BCL-2 and
restored the expression of BAX (Fig. 8a-b). On treatment with 5-FU, autophagy was stimulated along with
increased expression of BAX in the cells cultivated in standard medium, consistent with induction of a
toxic stress response and onset of apoptosis (Fig. 8a-b). Remarkably, this response to 5-FU was largely
impaired in the cells incubated with IL-6-rich CAFs medium (from scramble siRNA transfected) while it
was enhanced when the cells were treated in the CAFs medium lacking IL-6 (Fig. 8a-b). To de�nitively
assess the functional link between autophagy and apoptosis in response to 5-FU we performed a double-
immunostaining for LC3 (to mark the cells with ongoing autophagy) and for BAX (to mark the cells
undergoing apoptosis). The images in Fig. 8c show that 5-FU can induce BAX-mediated apoptosis only in
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the cells cultivated in standard medium or in IL-6 de�cient CAFs-medium while it is not effective in cells
cultivated in IL-6-rich CAFs-medium. The double-staining also demonstrates that apoptosis (BAX-positive)
ensued in the same cells in which autophagy (LC3-positive) was induced (Fig. 8c).

Discussion
CCA is a prototype of in�ammatory cancer with a highly desmoplastic stroma particularly rich of
activated CAFs with myo�broblast-like phenotype [36, 37]. Fibroblasts isolated from CCA tissues have
been shown to release a range of soluble factors with pro-tumorigenic activity [38]. Proin�ammatory
cytokines, particularly IL-6, secreted by both cancer cells and CAFs, determine a malignant-driven tumor
microenvironment that promote CCA progression [39]. Consistently, CCA cells exhibit a very aggressive
behavior, both in vitro and in vivo, when exposed to IL-6 [40–45]. IL-6 may contribute to CCA malignancy
through a variety of pathways, including the inhibition of autophagy in CCA cells [30, 41]. Autophagy
(precisely, macroautophagy) is a quality-control process that directs redundant, aged, and non-functional
cell components to lysosomes for their complete degradation [46]. Autophagy runs regularly at basal
level to maintain cell homeostasis and can be upregulated in response to endogenous or exogenous
stresses [47]. Insu�cient autophagy has been shown to favor carcinogenesis, and on the other hand its
up-regulation may confer a survival advantage to cancer cells exposed to genotoxic, proteotoxic and
metabolic stresses [48]. Thus, to exploit autophagy as a therapeutic target in cancer management it is
fundamental to determine how it is dysregulated within the tumor [49].

It is now accepted the idea that the actual level and functional outcome of autophagy in cancer cells
depend on several factors [50], precisely: 1. the genetic background (i.e., the mutation in relevant
oncogenes and tumor suppressor genes as well as in genes controlling the regulatory pathways) of the
cancer cell; 2. The presence of growth factors, and the level of in�ammation and of secreted
in�ammatory factors in the TME; 3. The structural and metabolic status of the TME (vascularization,
availability of nutrients and of oxygen); 4. The presence of epigenetic modi�ers in the TME. Further,
autophagy is a dynamic process that adjust its regulation in the cells depending on the
microenvironment. Therefore, the expression of autophagy markers re�ects the situation in the tumor
mass context at the time of the analysis.

The literature on the involvement of autophagy in CCA development and progression reports some
contradictory data about its pro-tumorigenic or anti-tumorigenic role [49]. For instance, in vitro
experiments with CCA cells showed that disruption of BECLIN 1-dependent autophagy could either
sensitize to or abrogate cytotoxicity by chemotherapeutic drugs [26, 30]. On the other hand, data from
CCA xenograft experiments in nude mice might not truly resemble the situation in humans because of the
lack of an e�cacious immune-in�ammatory response. Indeed, the uncertainty about the role of
autophagy in cholangiocarcinogesis and the therapeutic response and clinical outcome likely re�ects our
lack of knowledge about the functional relationship between the level of in�ammation in the stroma and
the actual level of autophagy in CCA cells. The present study attempts to �ll in this gap of knowledge.
Brie�y, we found that: 1. high IL-6 in CAFs-containing �brotic area was signi�cantly associated with a
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shorter 5-year overall survival; 2. the combined pattern of high LC3 and low p62 in CCA cells showed a
signi�cant correlation with the best overall survival; 3. the pattern of L/H/L, representing a low
in�ammatory stroma (low IL-6 staining) and an e�cient autophagy �ux in cancer cells (high LC3 and low
p62) was signi�cantly associated with the best prognostic clinical outcome; 4. The tumors with low
stromal IL-6 and high cancer cell LC3 expression showed more responsive to chemotherapy than tumors
with any other combination. To generalize the conclusion of our study, we have interrogated the TCGA
database for CCA. Unfortunately, the limited number of cases and the lack of complete information on
the expression of autophagy markers do not allow to draw conclusions statistically signi�cant with
regard to their prognostic value, though the available data consistently suggest that increased autophagy
�ux (with high LC3 and low p62) associates with better prognosis. In apparent contradiction, the TCGA
data also indicated that CCA with high expression of BECN1 (one of the most important autophagy gene)
had worse prognosis. However, a more depth analysis revealed that many of these patients were not
subjected to chemotherapy. In addition, many CCAs with high BECN1 mRNA were indeed expressing low
LC3 mRNA, indicating that autophagy in those samples was not active. In fact, the functional link
between BECLIN1-autophagy and clinical outcome should be based on the true assessment of
autophagy at protein level with particular attention to the expression of BECLIN 1, LC3 and p62 along with
that of BCL-2 (an inhibitory interactor of BECLIN 1 that confers apoptosis resistance) in the same cells
[51]. Supporting this interpretation, it was found that CCAs with low expression of BECLIN 1 were
signi�cantly associated with lymph node metastasis and worse OS, while cases with no lymph node
invasion showed the highest expression of BECLIN 1 [24, 32]. Higher levels of LC3, BECLIN 1 and
p62/SQSTM1 proteins were found in specimens of CCAs at any step of progression, from pre-invasive to
invasive carcinomas, compared to non-neoplastic large bile ducts and peribiliary gland tissues [25]. The
concomitant high expression of both LC3 and p62 could be interpreted as a defective autophagy �ux
since the very early steps of cholangiocarcinogenesis, which would be consistent with a tumor
suppressive role of autophagy in cholangiocarcinogenesis. Thus, again, it appears fundamental to clearly
assess the e�ciency of the autophagy �ux before drawing conclusion about the functional role of this
process in cancer progression and chemotherapy response. To better understand this aspect, we
attempted to reproduce (at best) in vitro the effect of IL-6 on the chemotherapeutic response in human
CCA cells and to assess the role of autophagy in such response. Primary CAFs were isolated from human
CCA and genetically impaired to produce IL-6 through speci�c siRNA transfection. CCA cells were then
exposed to 5-FU (a prototype chemotherapeutic for CCA treatment) diluted in the conditioned medium of
control (scramble siRNA-transfected) or of IL-6 depleted (IL-6 siRNA-transfected) CAFs, and cell growth,
colony formation and apoptosis were assessed. IL-6 rich medium from CAFs stimulated CCA growth and
prevented 5-FU cytotoxicity along with inhibition of autophagy. Interestingly, 5-FU was more effective
when administered in CCA cultures devoid of IL-6, and BAX-mediated apoptosis was shown to occur in
CCA cells accumulating LC3-positive vacuoles. This outcome can be explained by the two-hit model [52],
which predicts that in cells with active autophagy (�rst stressing hit) any additional stress (in this case,
the chemotherapeutic) further stimulates autophagy precipitating autophagy-associated apoptosis.
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Our study has several clinical implications. First, it con�rms the need for determining the level of stromal
in�ammation (namely, the level of CAFs and of IL-6) to better design the therapy and predicts the
prognosis. Second, in view of a personalized treatment, assessing thoroughly autophagy with several
markers is mandatory for a better strati�cation of the patients that could bene�t of drugs speci�cally
targeting autophagy. Third, it supports the inclusion of autophagy-enhancing drugs to improve the
clinical response. In this regard, some natural products such as pristimerin [53], dihydroartemisinin [30],
pterostilbene [54] and resveratrol [41] seem very promising. We propose to use such autophagy
enhancing drugs along with navitoclax that has been shown to kill CAFs in CCA [23], or with resveratrol,
that has been shown to switch-off the synthesis of IL-6 by CCA-derived CAFs [41].

Conclusions
This is the �rst demonstration that the correlation between IL-6 in the stroma and of autophagy markers
in cancer cells may provide a prognostic value and help to stratify responding and non-responding
patients bearing the CCA. This study collectively suggested that the therapeutic strategy of autophagy-
enhancing drugs given along with an adjuvant chemotherapy is an approach to �ghting the stromal
in�ammation to improve the better outcome of CCA patients.
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Figure 1

High expression of IL-6 in �brotic stromal cells signi�cantly correlates with shorter survival in CCA
patients. a Representative images of IL-6 immunohistochemistry (IHC) in human CCA tissues showing
faintly staining (negative) in normal bile duct (NBD) (i) and in some cancer areas (ii) , while showing
strongly intense (positive) in �brotic area rich of CAFs (iii), in a few cancer areas (iv), and in both cancer
epithelial cells and �brotic areas (v). b-d Kaplan-Meier survival analysis for IL-6 IHC staining in cancer
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area (b), or in CAFs area (c), or in cancer and CAF area (d). e The relationship between IL-6 protein
expression in cancer and CAFs is illustrated as scattered plots with linear regression lines. (Magni�cation
40X).
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Figure 2

Immunohistochemistry expression of LC3 and p62 in cancer cells and its correlation with overall survival
of CCA patients. a Representative cases showing LC3 and p62 immunostaining in normal bile ducts
(NBD) (panels i and v) and in cancer areas (panels ii-iv and vi-viii). Note that p62 staining is at all times
higher than that of LC3 in the cancer area considered. Original magni�cation is x200. b-d Cumulative
survival analysis shows a signi�cant longer survival rate of CCA patients with high LC3 and low p62
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expression, indicative of ongoing autophagy. e The relationship between LC3B and cytoplasmic p62
expression exhibits positively correlation. (Magni�cation 20X and 40x).
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of CCA patients. a Representative cases showing LC3 and p62 immunostaining in normal bile ducts
(NBD) (panels i and v) and in cancer areas (panels ii-iv and vi-viii). Note that p62 staining is at all times
higher than that of LC3 in the cancer area considered. Original magni�cation is x200. b-d Cumulative
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The Kaplan–Meier curves of overall survival rates according to IL-6 in �broblasts and LC3 and p62
expression in CCA epithelial cells. Combination of IHC expression of IL-6 in stromal �brotic areas and of
autophagy markers (LC3 and p62) in cancer cells were classi�ed into 8 patterns as indicated in the text.
Low IL-6, high LC3, and low p62 (L/H/L) expression signi�cantly correlate with better overall survival
rates (green line; P=0.007, log-rank test).
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Low IL-6, high LC3, and low p62 (L/H/L) expression signi�cantly correlate with better overall survival
rates (green line; P=0.007, log-rank test).
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Figure 4

The Kaplan–Meier curves for overall survival rates according to adjuvant chemotherapy status, IL-6 in
�brotic area, and LC3 and p62 expression in cancer. The 70 patients were categorized based on having
been or not subjected to chemotherapy and the respective level of expression of Il-6, LC3 and p62 as
detailed in Fig. S1 (see also the text for details). a It is apparent that the patients who received adjuvant
chemotherapy and bearing a CCA with protein pattern of low IL-6, high LC3, and low p62 (L/H/L)
expression (purple line) had an overall survival rate much better than any other combination; P=0.01. b
and c In the cohort of 30 patients subjected to chemotherapy, the group bearing a CCA with high LC3 and
low stromal IL-6 (regardless of p62 expression) showed a better prognosis respect to the group with other
combinations (panel b, green line vs blue line; P=0.001, log-rank test) and to the groups bearing a tumor
with high stromal IL-6 and low cancer cell LC3 (panel c, green line vs yellow line; P=0.018, log-rank test )
or a tumor with any other combination (panel c, green line vs blue line; P=0.018, log-rank test).
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Figure 5

The prognostic value of autophagy marker LC3 mRNA in a cohort of CCA patients in the TCGA database.
a Categorization of the CCA based on the level of MAP1LC3B (LC3) mRNA expression. b Patients bearing
a CCA expressing high level of MAP1LC3B tend to have a longer overall survival (P=0.3761).
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Figure 6

E�cacy of post-translational silencing of IL-6 in CAFs. Primary CAFs isolated from fresh CCA biopsies
were transiently transfected with an IL-6 speci�c small interfering (si-) RNA and the e�cacy of protein
knockdown was tested by several methods including immuno�uorescence (a), western blotting (b) and
ELISA (c). a The cells were stained for alpha-SMA (red �uorescence; marker of CAFs), IL-6 (green
�uorescence), and Hoechst (blue �uorescence; nuclei label). It is shown that si-RNA transfected CAFs
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express very low level of IL-6. (Magni�cation 63X). b CAFs were treated with control medium, scramble si-
RNA, or 100, 200, or 300 nM of IL-6-speci�c si-RNA. The Western blotting shows a si-RNA dose-dependent
reduction of cellular IL-6. The �lter was stripped and re-probes for β-actin to verify protein loading.
Densitometry is shown in c. d ELISA kit was used to analyze the levels of IL-6 in CAFs-CM after (or not)
treatment with scramble or IL-6 speci�c si-RNA. Values correspond to means ±SD of triplicates obtained
in three independent experiments. *P < 0.05, **P < 0.01, compared with scramble.
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RNA, or 100, 200, or 300 nM of IL-6-speci�c si-RNA. The Western blotting shows a si-RNA dose-dependent
reduction of cellular IL-6. The �lter was stripped and re-probes for β-actin to verify protein loading.
Densitometry is shown in c. d ELISA kit was used to analyze the levels of IL-6 in CAFs-CM after (or not)
treatment with scramble or IL-6 speci�c si-RNA. Values correspond to means ±SD of triplicates obtained
in three independent experiments. *P < 0.05, **P < 0.01, compared with scramble.

Figure 7

Effect of CAFs medium containing or not IL-6 on chemosensitivity of CCA cells. KKU-213 cells were
incubated in control medium or in conditioned medium (CM) from CAFs previously transfected with
scramble or IL-6 speci�c si-RNA and then exposed or not to the chemotherapeutic drug 5-FU, as indicated
in the panels. a Cell survival as determined by SRB assay after 48 h of culture. b Clonogenic assay and
crystal violet staining. c Cyto�uorometric analysis of the sub G1 population after staining with propidium
iodide (PI) of the cells treated as indicated. Data represent the mean ±S.D. of at least three different
experiments run in triplicate. *P < 0.05 compared to control or medium alone.
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Figure 8

Expression apoptosis- and of autophagy-related proteins in KKU-213 cells exposed to CAFs medium and
5-FU. KKU cells were incubated in control or conditioned medium (CM) from CAFs previously transfected
with scramble or IL-6 speci�c si-RNA and then exposed or not for 48 h to the chemotherapeutic drug 5-FU.
At the end, expression of relevant proteins involved in apoptosis (BAX and BCL-2) and autophagy (LC3
and p62) were determined by western blotting (panel a) or immuno�uorescence (panel c; Scale bar=20
µM; magni�cation 63X). Western blotting and immuno�uorescence images are representative of three
independent experiments. Densitometry of western blotting data are reported as mean ± SD in panel B.
Statistical signi�cance *P <0.05 compared to control.
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