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Abstract 

The histone methyltransferase G9a (EHMT2) is a key enzyme for dimethylation of lysine 9 at 

histone 3 (H3K9me2), a suppressive epigenetic mark. G9a is over-expressed in tumour cells 

and contributes to cancer aggressiveness. Biliary tract cancer (BTC) is a rare cancer with 

dismal prognosis due to a lack of effective therapies. Currently, there are no data on the role of 

G9a in BTC carcinogenesis. We analysed G9a expression in n = 68 BTC patient specimens 

and correlated the data with clinico-pathological and survival data. Moreover, we measured 

G9a expression in a panel of BTC cell lines and evaluated the cytotoxic effect of G9a inhibition 

in BTC cells using established small-molecule G9a inhibitors. G9a was considerably 

expressed in about half of BTC cases and was significantly associated with grading and 

tumour size. Additionally, we observed significant differences of G9a expression between 

growth type and tumour localisation groups. G9a expression diametrically correlated with 

Vimentin (positive) and E-Cadherin (negative) expression. Importantly, survival analysis 

revealed G9a as a significant prognostic factor of poor survival in patients with BTC. In BTC 

cells, G9a and H3K9me2 were detectable in a cell line-dependent manner on mRNA and/or 

protein level, respectively. Treatment of BTC cells with established small-molecule G9a 

inhibitors resulted in reduction of cell viability as well as reduced G9a and H3K9me2 protein 

levels. The present study strongly suggests that G9a contributes to BTC carcinogenesis and 

may represent a potential prognostic factor as well as a therapeutic target.  

 

Keywords: biliary tract cancer, epigenetics, histone methyltransferase, G9a, H3K9me2 
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1. Introduction 

Epigenetic regulation is essential for cellular function and diversity. Major mechanisms include 

DNA methylation and histone protein modifications. Histone methylation is an epigenetic mark 

leading to either transcriptional activation or repression [1]. 

G9a (EHMT2) is a histone methyltransferase that dimethylates lysine 9 at histone 3 

(H3K9me2) thus reducing transcription. G9a consists of a catalytic active SET domain, ankyrin 

repeats for protein-protein interactions and a nuclear localization signal [2]. Physiologically, 

G9a is required for correct differentiation of embryonic stem cells and immune cells [2]. G9a 

depletion resulted in global methylation loss specifically at euchromatin – a unique feature 

suggesting that G9a controls active promoter regions [2]. Overly active G9a contributes to 

development and progression of various cancers and is directly involved in cancer 

metabolism, metastasis, cell survival and response to hypoxia [2-5]. Currently, only a few 

studies have investigated G9a in human tumours demonstrating higher expression of G9a in 

cancer tissues compared to healthy controls [3, 5-10]. Moreover, high G9a expression was 

associated with unfavourable clinico-pathological parameters and poor survival in lung, 

ovarian, endometrial cancer as well as in oesophageal squamous cell and hepatocellular 

carcinoma (HCC) [3, 7-10].  

Biliary tract cancers (BTC) are categorised into intrahepatic, perihilar, extrahepatic BTC (or 

cholangiocarcinoma) as well as gallbladder cancer (GBC). Although the incidence of BTC is 

low in developed countries (3% of gastrointestinal cancers), BTC is the second most common 

primary liver tumour after HCC [11]. Current therapies include surgery (applicable in only 

30%), chemotherapy (cisplatin, gemcitabine), radiation, and photodynamic therapy (PDT) [11-

13]. However, due to the heterogeneous and aggressive nature as well as high therapeutic 

resistance, prognosis remains poor with a 5-year survival rate of only 5-10% [11]. A better 

understanding of the molecular oncogenesis of BTC and identification of new therapeutic 

targets is therefore of utmost importance. 

As currently no studies describe the role of G9a in BTC, this study aims at initial evaluation of 

G9a as a potential prognostic marker and therapeutic target in BTC and to examine the effect 

of G9a inhibition in an in vitro BTC cell model.  

 

2. Materials and Methods 

2.1 Clinical BTC samples and immunostaining 

Sixty-eight (68) cases of formalin-fixed paraffin embedded (FFPE) BTC samples archived 

between 1997 and 2017 at the Institute of Pathology (Paracelsus Medical University, Salzburg, 

Austria) were included and comprise intrahepatic, perihilar and extrahepatic cases. 

Immunohistochemical analyses (IHC) of human BTC samples were carried out on anonymized 

specimens according to the local ethics committee (Reference No. 415-EP/73/37-2011). IHC 

for G9a (ab134062, Abcam, Cambridge, UK) was performed with a dilution of 1:200 (no pre-
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treatment) as previously described for E-Cadherin and Vimentin [14] using the “quickscore” 

method (multiplication of the intensity [0-3] and extensity [0-100%]) [15]. For double IHC 

stainings, the first (G9a) and second (E-Cadherin and Vimentin) antibodies were sequentially 

detected with the DAB (brown colour) and Fast-Red (red) chromogen detection kit (Ventana, 

Tucson, USA). 

 

2.2 Substances and cell culture 

G9a inhibitors BIX01294 and BRD4770 were purchased from Selleckchem (Houston, USA) 

and dissolved in cell culture grade water (for BIX01294) or dimethyl sulfoxide (DMSO, Sigma 

Aldrich, Vienna, Austria; for BRD4770). UNC0642 was purchased from MedChem Express 

(Monmouth Junction, New Jersey, USA) and dissolved in DMSO. Inhibitors were stored in 

aliquot stocks of 10 mM at -20°C. Resazurin was purchased at Sigma Aldrich and dissolved in 

Dulbecco’s Phosphate Buffered Saline (DPBS, Sigma Aldrich). 

A panel of nine cell lines was used in the experiments: BDC, CCSW-1, EGi-1, HuCCT1 [16], 

SkChA-1, TFK-1 as bile duct carcinoma cell lines and GBC, MzChA-1, MzChA-2 as 

gallbladder cancer cell lines (see [17] for references). Cells were cultured in high glucose 

Dulbecco’s modified Eagle’s medium (DMEM; Gibco, Life Technologies, Vienna, Austria) as 

described previously [17, 18]. See supplementary table 1 for cell seeding concentrations.  

 

2.3 Drug Cytotoxicity 

Dose-dependent cytotoxicities of BIX01294, BRD4770 and UNC0642 were tested on BTC 

cells grown in 96-well microplates. Cells were treated for 72 hours with various concentrations 

of BIX01294, BRD4770 and UNC0642 and the number of viable cells was quantified via the 

Resazurin assay and an Infinite M200 microplate reader (Tecan, Groedig, Austria) as 

described previously [17, 18]. If applicable, the 10/50/90% inhibitory concentration (IC10/50/90, 

concentration at which number of viable cells is reduced by 10/50/90%) was calculated using 

linear interpolation. 

 

2.4 mRNA and protein expression analysis 

Total RNA was isolated with TRIzol Reagent (Ambion, Life Technologies) and the Direct-zol™ 

RNA MiniPrep Kit (Zymo Research, Irvine, California, USA); cDNA synthesis was done using 

the GoScript™ Reverse Transcription System (Promega, Mannheim, Germany). Quantification 

of gene expression was performed by quantitative real-time reverse transcription PCR (qRT-

PCR) using GoTaq® qPCR Master Mix (Promega) on a ViiA7 real-time PCR system (Applied 

Biosystems, Life Technologies) according to the manufacturers’ instructions. All samples were 

measured in technical quadruplicates and the specificity of the primer pairs was checked via 

melting curve analysis. G9a expression was related to the housekeeping gene beta-actin. 
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Primers were purchased at Sigma Aldrich (KiCqStart® primers, sequences are available on 

request from the corresponding author). 

For western blots, cells were seeded in 60 mm dishes until they reached 80-90% confluence 

and processed as described previously [17]. In short, 105 cells per sample were loaded on 

SDS gels (4-20% Mini-PROTEAN TGX, BioRad, Vienna, Austria) and blotted using the Trans-

Blot Turbo Mini Nitrocellulose Transfer Packs System (BioRad). Membranes were incubated 

overnight with primary antibodies and then incubated with HRP-linked secondary antibodies as 

listed in supplementary table 2. After development with Signal Fire ECL Reagent (CST), 

protein bands were imaged using a ChemiDoc MP System (BioRad). Protein expression was 

quantified by calculation of grey densities using ImageJ and related to those of beta-Actin.  

 

2.5 Statistics 

All data points represent mean values of at least three biological replicates ± standard error of 

mean. Correlation analysis was done by calculation of the Pearson’s correlation coefficient. 

Differences in G9a expression pattern (scoring at the centre and periphery of the tumour as 

well as the mean value thereof) between patient samples grouped by clinico-pathological 

parameters were calculated using t-test and ANOVA and Bonferroni post-hoc test. Cut-off 

values for G9a IHC scores were determined for tumour periphery, centre and mean IHC 

scores using the receiver operating characteristic (ROC) calculation and Youden Index 

analysis for overall survival. Survival curves were generated using the Kaplan Meier method 

and compared by log rank tests (Mantel-Cox). Cox regression analysis to identify predictors of 

survival was performed using backward elimination Wald method for the variables localisation, 

grading, growth pattern, UICC staging and G9a scoring (tumour centre, periphery and mean). 

Statistical results were considered significant (*) or highly significant (**) at p < 0.05 and p < 

0.01, respectively. Calculations were done with OriginPro 2017 (OriginLab, Northampton, 

Massachusetts, USA) and SPSS v21 (IBM, Armonk, New York, USA). 

 

3. Results 

3.1 Clinical parameters of BTC patients 

As summarised in table 1, the 68 BTC cases included n = 39 [57.4%] intrahepatic, n = 22 

[32.4%] perihilar, and n = 7 [10.2%] extrahepatic cases of BTC (aged mean 67.7, 95% CI: 

65.1-70.3, range: 37.8-90.1 years). Overall survival was 22.5 months (mean, 95% CI: 15.7-

29.3) and 14.8 months (median) and the tumour size was 4.1 cm (mean, 95% CI: 3.2-5.0 cm). 

G9a expression showed no significant difference between groups of patients classified by age, 

gender, TNM status, UICC and survival status.  

 

3.2 G9a is expressed in BTC samples and associated with clinico-pathological data and 

survival 
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As shown in figure 1A, only 8.8% of BTC cases (6 / 68) were completely IHC-negative for G9a. 

Overall, G9a expression was generally more intense in the tumour periphery than in tumour 

centre (see inserts in figure 1A). Calculation of the cut-off value using ROC-analysis for 

classification into G9a high/low-expressing cases was based on IHC staining scores for each, 

tumour periphery, tumour centre and mean values. Classification by mean IHC values 

identified 7 out of 68 cases with high G9a expression, whereas the remaining 55 cases were 

classified as G9a low (varying IHC score). While high G9a-expressing BTC cases comprise 

samples with different T and UICC staging (both: 1-4), these cases are uniformly tumours of 

G3 differentiation.  

Comparison of G9a mean expression levels between groups of different clinico-pathological 

characteristics (table 1 and figure 1B) indicated a significantly higher G9a expression in 

intrahepatic versus perihilar localisation. Moreover, G9a was more intensively expressed in 

mass-forming than in periductal BTC cases. Importantly, we observed a highly significant 

increase of G9a expression in G3 versus G2 tumours (p < 0.001). In cases of G3 tumours with 

a histologically detectable G2 sub-area (n=6 out of 22; exclusively in the tumour centre) the 

G9a expression in sub-areas with G2 differentiation (IHC scores 5 to 15) was comparable to 

G2-only tumours and was by trend lower than in the G3 tumour area (especially in tumour 

periphery).  

Figure 1C summarises the correlation analysis of G9a expression (tumour centre, periphery, 

and mean) and tumour size as well as markers of epithelial-to-mesenchymal transition (EMT). 

Central, peripheral and mean G9a expression significantly positively correlated with tumour 

size. Regarding markers of EMT, independent of the analysed tumour area (centre, periphery 

or mean), we found a highly significant negative association of G9a with E-Cadherin and a 

highly significant positive correlation with Vimentin expression (figure 1C).  

In order to evaluate G9a as a prognostic factor for overall survival, we performed Kaplan-Meier 

survival analysis using the cut-off values (ROC analysis) for classification of high/low G9a-

expressing cases. High UICC classification, as expected, identified patients with the shortest 

survival (p = 0.016, figure 1D). As shown in figures 1E/F, high G9a expression was similarly 

associated with significantly shorter overall survival. In detail, regarding G9a expression in the 

tumour centre, median survival was 66.87 months for G9a low and 13.71 months for G9a high 

cases (p = 0.038). Similarly, for G9a IHC mean (and tumour periphery), median survival was 

66.87 months for G9a low and 13.71 months for G9a high (p = 0.007).  

Cox-regression analysis with backward Wald-method revealed a significant model (2 = 8.634, 

p = 0.013 after 6th step) with UICC (p = 0.019) and G9a expression (at the tumour periphery) 

(p = 0.073) as independent prognostic factors in BTC.  

Representative IHC and corresponding H&E morphology images (figure 2) illustrate 

significantly higher G9a protein expression in intrahepatic, mass-forming and grade G3 cases 

compared to perihilar, periductal and G2 BTC samples, respectively (as quantified in figure 
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1B). In addition, spindle-cell morphology of BTC is associated with higher G9a protein 

expression. IHC double stainings for G9a and E-Cadherin or Vimentin are shown in figure 3 

illustrating the indirect / direct association of G9a and E-Cadherin / Vimentin, respectively.  

 

3.3 G9a is expressed in BTC cell lines 

As illustrated in figure 4A, G9a mRNA was expressed in all tested BTC cell lines to various 

extents. Likewise, protein levels of G9a and H3K9me2 were detectable in all cell lines (figure 

4B/C). Comparable to the mRNA levels, EGi-1 cells showed the highest protein expression 

(for both, G9a and H3K9me2), whereas HuCCt-1 (for H3K9me2) and SkChA-1 (for G9a) 

showed low protein expression. Correlation analysis of G9a mRNA, G9a protein and 

H3K9me2 levels revealed significant positive correlations amongst each other (figure 4D).  

 

3.4 G9a inhibition reduces BTC cell viability 

The effect of G9a inhibition on cell viability in BTC cells was studied for three G9a inhibitors 

BIX01294 [19], BRD4770 [20] and UNC0642 [21]. Drug treatment for 72 hours reduced the 

number of viable cells in a concentration- and cell line-dependent manner (figure 5A-C; for 

statistical comparison see supplementary table 3). Of note, the cytotoxic effect of BRD4770 

was most dependent on the cell line and was generally weaker compared to BIX01294 and 

UNC0642. For BIX01294 and UNC0642, higher concentrations led to drastic reduction of BTC 

viability, where BIX01294 showed the overall strongest cytotoxicity as indicated by consistently 

low IC50 values compared to the other inhibitors (figure 5D).  

Correlation analysis (figure 5E) of IC50 values of the three inhibitors among themselves as well 

as with G9a mRNA and G9a protein levels revealed a non-significant negative correlation 

between G9a mRNA/protein and BIX01294-IC50 and UNC0642-IC50, respectively. 

Interestingly, we saw a highly significant correlation between BIX01294-IC50 and UNC0642-

IC50. Due to the weak cytotoxic effect of BRD4770 for some of the tested BTC cell lines, 

calculation of IC50 was only possible for five of the nine cell lines (excluded from analysis).  

 

3.5 G9a inhibition reduces G9a and H3K9me2 protein levels in BTC cells in vitro 

Finally, we tested the effect of the most frequently used G9a inhibitor BIX01294 [4, 6, 22-26] 

on G9a, H3K9me2, E-Cadherin and Vimentin expression in CCSW-1 and EGi-1 cells (based 

on their G9a as well as Vimentin/E-Cadherin [14] expression characteristics). With three 

different BIX01294 concentrations (IC10, IC50, IC90) we observed a clear reduction of G9a and 

H3K9me2 protein levels in a concentration-dependent manner in both cell lines. In CCSW-1 

cells, E-Cadherin was reduced in a concentration-dependent manner; however, in CCSW-1 

cells, basal E-Cadherin levels are very low. In EGi-1 cells, treatment with IC50-BIX01294 

resulted in enhanced E-Cadherin protein levels, whereas IC90-BIX01294 strongly reduced E-
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Cadherin protein levels. In CCSW-1, Vimentin expression was slightly but nonetheless 

significantly diminished after BIX01294 treatment (Vimentin not detectable in EGi-1 cells).  

 

4. Discussion 

Here, we provide first information on the relevance of histone methyltransferase G9a in BTC 

carcinogenesis. In accordance with previous publications regarding other cancer entities, we 

observed significant expression of G9a in human BTC samples [3, 5, 7-9, 27]. G9a clearly 

correlated with unfavourable clinico-pathological characteristics, specifically with tumour size 

and grading. This first description of such correlations for BTC is in line with a previous study 

in oesophageal squamous cell carcinoma where G9a expression was associated with 

histological grade and tumour stage [10]. Likewise, in HCC, G9a correlated with aggressive 

tumour characteristics such as TNM stage [9]. Of note, this study describes a step-wise 

increase of G9a from normal liver (lowest expression), over chronic hepatitis, cirrhotic liver 

and, finally, to early and advanced HCC, suggesting a role of G9a in HCC development and 

progression [9]. Interestingly, we observed a highly significant increase in G9a expression 

from G2 and G3-graded BTC cases. Sub-analysis of G3 tumour with a detectable G2 area 

showed that this G9a expression pattern is also mirrored within a given BTC case. For future 

studies it will be interesting to see whether an (stepwise) increase of G9a expression is 

observable in progression of BTC on a histological level. Importantly, G9a was a predictor of 

poor overall survival and an independent prognostic factor in our BTC cohort – in line with 

studies describing a connection between G9a expression and poor survival in lung [3], ovarian 

[8] and oesophageal squamous cell carcinoma [10]. 

EMT is a complex process involved in cancer invasion and metastasis, in which E-Cadherin 

serves as a negative and Vimentin as a positive effector [14, 28]. Other studies reported a 

significant correlation of G9a expression and formation of local and distant metastases [5, 9, 

10] and that G9a directly represses E-Cadherin as a marker of (benign) epithelial cell 

phenotype [2, 7, 29]. Although a highly significant negative correlation between G9a and E-

Cadherin exists in BTC, in vitro G9a inhibition using BIX01294 failed to consistently restore E-

Cadherin protein levels in our study. This discrepancy may be explained by generally high 

cytotoxic effects of the BIX01294-IC90 concentration as well as by the fact that in (artificial) 2D 

cell culture systems, mechanisms regulating cell attachment and extracellular matrix 

association might be different from the physiological situation. Additionally, several 

publications describe different interaction partners (DNMT1 [3, 30]) and non-histone targets 

(p53 [31]) of G9a, which might explain cell line- or cancer-specific regulatory mechanisms of 

G9a. 

We recently published that another SET-domain histone methyltransferase called EZH2 is 

involved in BTC [18]. EZH2 is the enzymatic part of the polycomb repressive complex 2 

(PRC2) that specifically tri-methylates lysine 27 at histone 3 (H3K27me3), a repressive 
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epigenetic mark [32]. There is evidence that G9a directly coordinates PRC2 and H3K27me3, 

because G9a was necessary for mono-methylation of H3K27 (a prerequisite for PRC2-

dependent H3K27me3 [33])  and because G9a directly interacts with PRC2 [34]. Of note, this 

study also describes several genes directly regulated (at promoter level) by coordinated G9a 

and PRC2 recruitment [34]. Dual G9a and PRC2 inhibition might therefore be an interesting 

therapeutic strategy which also addresses the commonly observed problem that removal of 

H3K27me3 (PRC2 inhibition) is not sufficient to reactivate PRC2-silenced genes [35]. In fact, 

dual inhibition of G9a and PRC2 using small-molecule inhibitors (but not single treatments) 

massively enhanced spink1 target mRNA levels [35]. Therefore, subsequent studies should 

evaluate dual G9a and PRC2 inhibition in BTC cells and tumours.  

Pharmacological G9a inhibition resulted in significant reduction of viable BTC cells in a 

concentration- and cell line-dependent manner. Interestingly, we found a significant correlation 

between BIX01294-IC50 and UNC0642-IC50 values in our BTC cell model – both inhibitors 

competitively inhibit H3K9 substrate binding [20, 21] – whereas we found no correlation of 

BRD4770-IC50 (a S-adenosylmethionine [SAM, methyl donor] mimic [20]) with neither 

BIX01294-IC50, nor UNC0642-IC50. Importantly, by using different BTC cell lines and G9a 

inhibitors, the observed viability reduction is rather a result of actual G9a inhibition than a 

substance- or cell line-specific effect. However, future studies should investigate potential 

side- and off-target effects of these substances in an appropriate BTC in vivo model.  

Taken together, the present study provides first data on a role of G9a in the context of biliary 

tract carcinogenesis by demonstrating G9a expression in human BTC samples and its 

association with unfavourable clinico-pathological characteristics and overall survival. 

Moreover, in vitro pharmacologic inhibition of G9a resulted in diminished G9a and H3K9me2 

levels with a dose-dependent reduction of viable BTC cells. Therefore, G9a might be a new 

diagnostic and therapeutic target for BTC. However, future studies investigating the functional 

role of G9a as well as potential interaction partners or non-histone targets in BTC are required. 
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Tables 

Table 1. Clinico-pathological characterisation of the BTC patient cohort and G9a expression 

by immunohistochemistry (IHC). 

  Total mean G9a IHC score ANOVA 

  n % mean stdev 95% CI p value 

All cases 68 100.0 27.3 41.0 17.4-37.2 - 

Age (years) 
<60 13 19.1 37.6 47.1 9.1-66.1 

0.318 
≥60 55 80.9 24.9 39.5 14.2-35.5 

Gender 
female 28 41.2 22.2 25.4 12.4-32.1 

0.398 
male 40 58.8 30.8 49.1 15.1-46.5 

Tumour 

localisation 

intrahepatic 39 57.4 38.3 46.7 23.1-53.4 

0.020*
, a

 perihilar 22 32.4 8.2 7.5 4.9-11.6 

extrahepatic 7 10.3 26.1 51.7 -21.7-73.8 

Growth pattern 

mass-forming 32 47.1 45.2 48.8 27.6-62.8 

0.002**
, a

 periductal 34 50.0 11.3 23.9 2.9-19.6 

intraductal 2 2.9 13.1 18.6 -153.6-179.9 

T status (2017) 

T1 22 32.4 35.1 37.7 18.4-51.7 

0.661 
T2 33 48.5 23.7 43.7 8.2-39.2 

T3 10 14.7 19.0 43.6 -12.2-50.2 

T4 3 4.4 37.5 30.7 -38.8-113.8 

N status (2017) 

N0 36 52.9 32.3 46.9 16.5-48.2 

0.367 N1 25 36.8 25.3 36.2 10.3-40.2 

N2 7 10.3 8.8 11.7 -2.0-19.5 

M status (2017) 
M0 58 85.3 28.0 39.9 17.5-38.4 

0.754 
M1 10 14.7 23.5 49.1 -11.6-58.6 

UICC (2017) 

I 16 23.5 25.1 25.9 11.3-38.9 

0.337 
II 18 26.5 42.2 60.5 12.1-72.3 

III 21 30.9 21.4 24.3 10.4-32.5 

IV 13 19.1 18.8 43.5 -7.4-45.1 

Tumour 

grading 

G1 4 5.9 26.3 28.9 -19.7-72.2 

<0.001**
, a

 
G2 41 60.3 9.5 10.5 6.2-12.9 

G3 22 32.4 61.4 56.4 36.3-86.4 

G4 1 1.5 - - - 

Survival 
no 30 44.1 35.5 55.4 14.8-56.2 

0.144 
yes 38 55.9 20.8 23.3 13.2-28.5 

a
 see figure 1B for details on group comparisons. 

* indicate significant (p < 0.05) and ** indicate highly significant (p < 0.01) results 
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Figure legends 

 

Figure 1. Expression of G9a in BTC specimens and correlation with clinico-pathological 
characteristics and survival data 
< preferred width: single column, colour in web and print > 

(A) Mean G9a expression (mean G9a IHC score) for n = 68 BTC specimens. Mean G9a 
IHC scores and cut-off values were calculated based on staining intensity and extensity. 
The inserts show the IHC scores for tumour centre (upper insert) and tumour periphery 
(lower insert). (B) Comparison of G9a expression for tumour localization, growth type and 
grading. (C) Correlation analysis of G9a (IHC expression in tumour centre, periphery, and 
mean), tumour size, E-Cadherin and Vimentin expression. Green boxes indicate positive, 
red boxes indicate negative correlation. (D-F) Survival analysis (Kaplan-Meier) of UICC 
classification, and G9a IHC scores at tumour centre, mean and periphery. Classification 
into G9a low/high expressing cases is based on ROC analysis as described in Material and 
Methods. * indicate significant (p < 0.05) and ** indicate highly significant (p < 0.01) results. 
Abbreviations: BTC: biliary tract cancer; IHC: immunohistochemistry. 

 
 
Figure 2. Immunohistochemistry images of BTC cases. 
< preferred width: double column, colour in web and print > 

Representative images of H&E morphology (left) and G9a immunohistochemistry (overview 
and detail, right) for categories with significant differences in G9a expression. Scale bar 
(yellow) indicates 100 or 20 µm for 10 x and 40 x magnification, respectively. Abbreviations: 
BTC: biliary tract cancer. 

 
 
Figure 3. Double-staining immunohistochemistry. 
< preferred width: single column, colour in web and print > 

Representative images of H&E morphology (left) and immunohistochemistry double stained 
for G9a (brown staining) and Vimentin (middle, red staining) or E-Cadherin (right, red 
staining). Scale bar (yellow) indicates 20 µm (40 x magnification). 

 
 
Figure 4. Expression of G9a in BTC cell lines. 
< preferred width: single column, colour in web and print > 

(A) mRNA levels of G9a in BTC cell lines. (B) Expression of G9a protein and H3K9me2 in 
BTC cell lines. (C) Representative western blot images (cropped). (D) Correlation of G9a 
mRNA, G9a protein and H3K9me2 expression (Pearson). Green boxes indicate positive 
correlation. Abbreviations: BTC: biliary tract cancer. 

 

 

Figure 5. Cytotoxic effects of G9a inhibition in BTC cells. 
< preferred width: double column, colour in web and print > 

Treatment of BTC cells with G9a inhibitors BIX01294 (A), BRD4770 (B) and UNC0642 (C) 
over 72 hours using a serial dilution series (range 0.1-50 µM). (D) IC50 value for each G9a 
inhibitor and cell line. (E) Correlation (Pearson) of G9a mRNA expression, G9a protein 
levels, BIX01294 IC50, BRD4770 IC50, and, UNC0642 IC50. Green boxes indicate significant 
or highly significant correlation, respectively. (F) Effect of various concentrations of 
BIX01294 (CCSW-1: IC10/50/90 = 3.0 / 4.7 / 8.0 µM, respectively and EGi-1: IC10/50/90 = 2.6 / 
7.9 / 20.0 µM, respectively) on protein expression after 24 hours of incubation. (G) 
Representative western blot images (cropped). * indicate significant (p < 0.05) and ** 
indicate highly significant (p < 0.01) results. Abbreviations: IC: inhibitory concentration, n.d.: 
not determinable, UTC: untreated control. 
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Highlights: 

 G9a histone methyltransferase is expressed in biliary tract cancer (BTC). 

 G9a expression correlates with tumour grading, size and Vimentin expression. 

 High G9a expression identifies patients with shorter survival. 

 Pharmacological inhibition causes BTC cell death in vitro. 


