October 28, 2020
Dear Editors,

Please find our attached manuscript entitled “Evaluation for the Genetic Association Between
Store-Operated Calcium Influx Pathway (STIM1 and ORAI1) and Human Hepatocellular
Carcinoma in Patients with Chronic Hepatitis B Infection,” which we are submitting for
consideration for publication as an Original Research article in Biology (biology-947101). We are
thankful for your kind suggestions regarding our manuscript. Here, we are sending our revised
manuscript in accordance with the comments given by the two reviewers. We have read through
all the reviewers’ suggestions very carefully, and made the necessary revisions based on these
comments, as detailed below in a point-by-point format. The revised sections are highlighted in
red. Finally, we would like to thank you once again for giving us the opportunity to improve our
manuscript. We very much hope that these revisions are adequate. We appreciate your assistance

and are looking forward to hearing from you.

Sincerely yours,

Wei-Chiao Chang (D.Phil.; Oxon)
Professor, Department of Clinical Pharmacy,
Taipei Medical University, Taiwan

250 Wu-Hsing Street, Taipei 110, Taiwan



Reviewer 1.

Comments and Suggestions for Authors

Irham et al conducted large-scale profiling for STIM1 and ORAIL SNP in large HBV patient sets.
Though the statistical significance are low for the SNP probably due to not enough HCC patients,
the data are still quite valuable to the community and have potential clinical benefits. I would
happily accept the paper if the author can address my following questions.

Q1: Reviewer #1. | am quite interested in whether there are gender differences in SNP profile.
Namely, since you have a large dataset, could you evaluate whether there is any SNP signature
that is more dominant in males or females? And after the gender grouping, if there are any SNPs
that showed significant association?

Al: We sincerely thank your valuable suggestions. It is a very important point. As suggested
by reviewer, we further analyzed all the SNPs (40 SNPs) with stratified grouping by gender
(male and female). Results showed that two STIM1 SNPs (rs2959081 and rs7116520)
associated with HCC progression in female, while ORAI1 SNP rs6486795 was found in male
population. However, after correction for multiple testing, none of the SNPs reached a
significant level. The data was shown as below :

Associations of STIM1 and ORAII genes with gender (Male and Female)

Male Gender Female Gender
N=2196 (60.48%) N=1435 (39.52%)
Effect (Genotype) (Dominant) (Genotype) (Dominant)

SNP Gene allele p value? p value? p value? p value?
[q value] [q value] [q value] [q value]

154243966  STIM1 C 0.879 0.993 0.349 0.321
[0.963] [0.993] [0.971] [0.975]

1s7943201  STIM1 A 0.776 0.485 0.417 0.323
[0.963] [0.993] [0.971] [0.975]

rs11030122  STIM1 G 0.817 0.821 0.927 0.727
[0.963] [0.993] [0.971] [0.975]

1s7951076  STIM1 A 0.633 0.362 0.919 0.719
[0.963] [0.993] [0.971] [0.975]

1s7952083  STIM1 C 0.775 0.806 0.512 0.403
[0.963] [0.993] [0.971] [0.975]

rs7120828  STIM1 T 0.372 0.203 0.277 0.130
[0.963] [0.993] [0.971] [0.975]

rs10458894  STIM1 T 0.370 0.193 0.263 0.547
[0.963] [0.993] [0.971] [0.975]

rs7120683  STIM1 G 0.278 0.110 0.366 0.160
[0.963] [0.993] [0.971] [0.975]

rs10835262  STIM1 A 0.913 0.908 0.920 0.828

[0.963] [0.993] [0.971] [0.975]
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0.512
[0.963]
0.196
[0.963]
0.603
[0.963]
0.642
[0.963]
0.394
[0.963]
0.729
[0.963]
0.693
[0.963]

0.240
[0.963]
0.375
[0.963]
0.808
[0.963]
0.824
[0.963]
0.926
[0.963]
0.887
[0.963]
0.757
[0.963]
0.389
[0.963]
0.396
[0.963]
0.963
[0.963]
0.147
[0.963]
0.688
[0.963]
0.698
[0.963]
0.071
[0.963]
0.519
[0.963]
0.608
[0.963]

0.926
[0.993]
0.131
[0.993]
0.319
[0.993]
0.926
[0.993]
0.180
[0.993]
0.945
[0.993]
0.963
[0.993]

0.095
[0.993]
0.838
[0.993]
0.755
[0.993]
0.563
[0.993]
0.929
[0.993]
0.835
[0.993]
0.476
[0.993]
0.506
[0.993]
0.501
[0.993]
0.790
[0.993]
0.078
[0.993]
0.934
[0.993]
0.874
[0.993]
0.109
[0.993]
0.315
[0.993]
0.543
[0.993]

0.970
[0.971]
0.668
[0.971]
0.966
[0.971]
0.905
[0.971]
0.794
[0.971]
0.381
[0.971]
0.923
[0.971]

0.328
[0.971]
0.598
[0.971]
0.404
[0.971]
0.736
[0.971]
0.715
[0.971]
0.208
[0.971]
0.183
[0.971]
0.240
[0.971]
0.163
[0.971]
0.109
[0.971]
0.456
[0.971]
0.920
[0.971]
0.926
[0.971]
0.822
[0.971]
0.725
[0.971]
0.021
[0.971]

0.873
[0.975]
0.380
[0.975]
0.883
[0.975]
0.761
[0.975]
0.837
[0.975]
0.479
[0.975]
0.928
[0.975]

0.249
[0.975]
0.826
[0.975]
0.232
[0.975]
0.843
[0.975]
0.419
[0.975]
0.076
[0.975]
0.068
[0.975]
0.319
[0.975]
0.358
[0.975]
0.170
[0.975]
0.214
[0.975]
0.824
[0.975]
0.823
[0.975]
0.636
[0.975]
0.951
[0.975]
0.005
[0.975]




rs11030639  STIM1 G 0.770 0.666 0.054 0.195

[0.963] [0.993] [0.971] [0.975]
rs7116520  STIMI G 0.410 0.209 0.007 0.001
[0.963] [0.993] [0.971] [0.975]
rs1442725  STIMI T 0.304 0.373 0.706 0.467
[0.963] [0.993] [0.971] [0.975]
rs11030841  STIMI A 0.611 0.486 0.381 0.885
[0.963] [0.993] [0.971] [0.975]
rs4910882  STIMI A 0.637 0.501 0.362 0.975
[0.963] [0.993] [0.971] [0.975]
136486795  ORAII C 0.078 0.037 0.971 0.850
[0.963] [0.993] [0.971] [0.975]
174936888  ORAII C 0.304 0.124 0.419 0.418
[0.963] [0.993] [0.971] [0.975]
rs3741595  ORAII C 0.184 0.081 0.731 0.637
[0.963] [0.993] [0.971] [0.975]

? Adjusted by alanine transaminase and age. Significant p values are in bold*. The q value is the
false discovery rate (FDR) estimation for multi-testing.

Q2: Reviewer #1. For all the SNPs you identified, could you please show some examples that
some of the SNPs can cause functional alterations to the proteins (mutations in critical domains
that may cause a structural change of the protein), especially in the SNPs that shows trends to be
associated with the HCC?

A2: We sincerely thank to the reviewer’s comments. According to reviewer suggestions, we
tried to identify the effects of the alteration/ deleteriousness of variants in protein by using
some of the functional annotation tools such as the scale-invariant feature transform (SIFT),
Polymorphism Phenotyping v2 (PlyPhen-2), ClinVar and Combined Annotation Dependent
Depletion (CADD) databases. As shown in the following Table, four SNPs (STIM1 rs6578418,
rs11030472, rs7116520, and ORAI1 rs6486795) are intron variants. None information was
available in the three databases (SIFT, PlyPhen-2, and ClinVar). Regarding to the database
of CADD, the score displayed that four variants with score less than 30 which indicated the
four variants more likely to be benign.

Information about the variants consequence from various databases

SNP Position (hg38) Effect Consequence PolyPhen2 SIFT Clinvar CADD

(bp) Allele  Type
rs6578418  Chr11:3905002 G Intron variant NA NA NA 4.363(Benign)
rs11030472 Chr11:3978105 G Intron variant  NA NA NA 8.781(Benign)
rs7116520  Chrl1:4032147 G Intron variant NA NA NA 0.541(Benign)
rs6486795 Chr12:121638011 C Intron variant  NA NA NA 0.481(Benign)

NA: Not Available



Additionally, we elaborated the relationship between the STIM1 rs6578418, rs11030472,
rs7116520 and ORAIL rs6486795 and gene expression. Here, we utilized the publicly
available databases GTEx portal (http:// www.gtexportal.org/home/) to confirm the tissue
expression quantitative trait loci. For STIM1 SNPs rs6578418 and rs11030472, none of
information is available in the GTEXx portal database due to limited available tissue (Table
S3). While GG genotypes of STIM1 rs7116520 showed a higher expression in a variety of
tissues including heart-left ventricle and nerve tibial lung tissue (Figure S3). Furthermore,
ORAI1 rs6486795 with CC genotypes also correlated with a higher expression compared to
those with TC and TT genotypes in variety of tissues (e.g. whole blood, esophagus, thyroid,
heart, stomach, pancreas, muscle, colon). The results have been added in the revised
manuscripts[Page 13, lines 295-305] [Page 5, lines 136-139]. Furthermore, the Table (Table
S3) and Figure (Figure S3) were added in the supplementary materials [Page 15, lines, 406-
407 and page 16, lines 412-413]. In addition, to understand the role of store-operated calcium
pathways (STIM1 and ORAI1) in HCC progression, functional studies by both total internal
reflection fluorescence microscopy and transwell migration assay were applied. As shown in
the Figure 2, we found that the colocolization of STIM1 and Orail was inhibited by 2-APB
(SOC inhibitor). We further analyzed the effects of store-operated calcium pathways on cell
migration in Huh 7 and HepG2 cell lines. The results showed that the cellular migration
(Huh 7 and HepG2) significantly decreased by 2-APB (Figure 2B and 2C). Data has been
added in revised manuscript [page 13, lines 307-325] [Pages 5-6, lines 141-171]. In addition,
we added sentences in the part of discussion [Pages 15, lines 385-386] and conclusion [Pages
15-16, lines 394-399].

Table S3. Expression Quantitative trail loci (eQTL) results of The SNP from Genotype-tissue
expression (GTEX).

Gencode ID Gene Effect . .
SNP ID (ENSG00000-) symbol p value size Tissue Actions
rs7116520 167323.11 STIMI  1.1e-9 -0.18 Nerve - Tibial GG>AG>AA
167323.11 STIM1  2.0e-8 -0.22 Heart-Left Ventricle GG>AG>AA
1s6578418 NA NA NA NA NA NA
rs11030472 NA NA NA NA NA NA
rs6486795 276045.2 ORAIl  1.30E-17 0.22 Whole Blood CC>CT>TT
276045.2 ORAIl  9.90E-16 0.29 Esophagus - Mucosa CC>CT>TT
276045.2 ORAIl  3.30E-13 0.23 Thyroid CC>CT>TT
276045.2 ORAIl  7.60E-08 0.24 Stomach CC>CT>TT
276045.2 ORAIl  4.50E-07 0.25 Pancreas CC>CT>TT
276045.2 ORAII  4.80E-07 0.11 Muscle - Skeletal CC>CT>TT
276045.2 ORAII 1.5E-06 0.21 Colon - Transverse CC>CT>TT
276045.2 ORAII  0.000029 0.19 Esophagus - CC>CT>TT
Gastroesophageal
Junction
276045.2 ORAIl  0.000058 0.17 Heart - Atrial CC>CT>TT
Appendage
276045.2 ORAII  0.00016 0.13 Esophagus - CC>CT>TT

Muscularis



http://www.gtexportal.org/home/
https://gtexportal.org/home/eqtls/byGen?geneId=ENSG00000167323.11&tissueName=Nerve_Tibial

Source: Expression Quantitative trail loci (eQTL) obtained from https://gtexportal.org/home, NA: Not Available
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Figure S3. Correlation between genotype and expression in tissue determined by Cis-expression
quantitative trait loci (cis-eQTLs). Figure A the expression of STIM1 between rs7116520
Homozygous (GG), Heterozygous (AG), and Homozygous (AA) in heart-left ventricle tissue.
Figure B the expression of ORAI1 between rs6486795 Homozygous(CC), Heterozygous (TC) and
Homozygous (TT) in whole blood.


https://gtexportal.org/home
https://www.gtexportal.org/home/snp/rs6486795

Reviewer 2.

Comments and Suggestions for Authors

The manuscript ‘Evaluation of genetic susceptibility between store-operated calcium influx
pathway (STIM1 and ORAI1) and human hepatocellular carcinoma in patients with chronic
hepatitis B infection’ aims to identify polymorphisms associated with human hepatocellular
carcinoma in 3631 Taiwanese patients. Overall, the manuscript presents data that are important to
the field, yet a few points need to be clarified. The specific points that resulted in this conclusion
are listed below.

Q1: Reviewer #2. The title is not reflective of the research presented in the manuscript. Genetic
susceptibility is used in the title however the research is investigating association of SNP with
human hepatocellular carcinoma not genetic susceptibility. Genetic susceptibility is also known as
genetic predisposition, which cannot be properly evaluated in the current study. Title needs to be
revised to reflect the presented study.

Al: Answer: We sincerely thank the reviewer’s comments. Yes, genetic susceptibility is
incorrect here. We have changed the title as “Evaluation for the Genetic Association Between
Store-Operated Calcium Influx Pathway (STIM1 and ORAI1) and Human Hepatocellular
Carcinoma in Patients with Chronic Hepatitis B Infection”. In addition, to understand the
role of store-operated calcium pathways (STIM1 and ORAILl) in HCC progression,
functional studies by both total internal reflection fluorescence microscopy and transwell
migration assay were applied. As shown in the Figure 2, we found that the colocolization of
STIML1 and Orail was inhibited by 2-APB (SOC inhibitor). We further analyzed the effects
of store-operated calcium pathways on cell migration in Huh 7 and HepG2 cell lines. The
results showed that the cellular migration (Huh 7 and HepGZ2) significantly decreased by 2-
APB (Figure 2B and 2C). Data has been added in revised manuscript [page 13, lines 307-
325] [Pages 5-6, lines 141-171]. In addition, we added sentences in the part of discussion
[Pages 15, lines 385-386] and conclusion [Pages 15-16, lines 394-399].
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Figure 2. Inhibition of STIM1-Orail colocolization by 2-APB pre-treatment leads to
reduced liver cancer cell migration ability. The Huh 7 cells were pre-treated with SOC
inhibitor, 2-APB for 30 min. (A). The cells were co-transfected with STIM1-YFP and
Orail-mCherry and reseeded on Lab-Tek chambered cover glass for 24h. The inhibition
effect of 2-APB on TG-induced SOC activity were observed with time-lapse TIRFM
images. The inhibition effect of 2-APB on (B) Huh 7 or (C) HepG2 cell migration ability
was examined by transwell migration assay. Statistically significant data are indicated by
* for p <0.05 and ** for p < 0.01.

Q2: Reviewer #2. Line 28: Remove ‘of” from ‘in total of 3631°.

A2:Thank you so much. We already Removed ‘of’ from ‘in total of 3631 according to the
reviewer’s suggestions [Page 1, line 32].

Q3: Reviewer #2. Line 32-33. The authors state that ‘our study revealed that calcium signaling is
essential for hepatitis B virus replication’. This is not a valid conclusion of the study presented.
While there is published research supporting this conclusion, the current study does not. The
current study only evaluates SNP in STIM1 and ORAIL and calcium signaling is not measured.
Remove sentence from paragraph.

A3: Thank you so much for valuable comments. According to the suggestions, we provided
cell-based studies as showed in the Figure 2. Inhibition of STIM1-Orail colocolization by 2-



APB pre-treatment leads to reduced liver cancer cell migration ability. Thus, images from
total internal reflection fluorescence microscopy and data from transwell migration assay
confirmed the critical roles of SOC-mediated signaling in the HCC migration.

Q4: Reviewer #2. Line 130: Specify which Qiagen kit was used.

A4: We thank the reviewer for the suggestions, the sentence has been added in the manuscript
[Page 5, line 132].

Q5: Reviewer #2. Line 279-281: The authors state that ‘We acknowledge a lack of calcium
concentration data as a limitation of this study, which prevented us from understanding its
correlation with HCC progression in CHB patients, even though a previous study revealed that the
lowest Ca2+ level could be correlated with a decrease in HBV replication’. This is beyond the
scope of the current study as the presented research does not evaluate calcium signaling. This
sentence and similar statements in the discussion need to be removed.

A5: We are very grateful to the reviewer’s suggestion. We already adjusted the sentences
located in the last of discussion part as suggested by the reviewer. The modifications of
sentences are presented in the following paragraph [Page 15, lines 385-391]. Here, our study
also indicated that knockdown of SOC pathway prevented cell migration in two liver cancer
(Huh 7 and HepG2) cell lines. We acknowledge that a weak correlation between STIM1 and
ORAI1 polymorphisms and the risk of HCC progression in CHB patients may due to the
modest sample size (3631 CHB patients), which led to a small power in the statistical analysis.
Another possibility is that the majority of polymorphisms were located in the non-coding
region. The genetic effects of each polymorphism to the expression of store-operated calcium
channel are mild.

Q6: Reviewer #2. Font size varies throughout the entire manuscript. Keep font size consistent.

A6: We are very grateful to the reviewer’s suggestions. We did it as suggested by the reviewer.

Q7: Reviewer #2. Table 2: Font of column titles is not consistent (minor allelic frequencies).
Keep font consistent.

AT: Thank you for your suggestions. We did it as suggested by the reviewer.
Q8: Reviewer #2. Line 137: Change ‘an’ to ‘a’.

A8: Many thanks to the reviewer’s suggestions. We have made the correction according to
the reviewer suggestions

Q9: Reviewer #2. Line 179: Define OR. OR is not defined until line 162.



A9: Many thanks to the reviewer’s suggestions. \We have made the correction according to
the comment from reviewer by adding the full name of OR, “odds ratio (OR)” [Page 6, line
179].

Q10: Reviewer #2. Line 233: Remove ‘of” from ‘in total of 3631°.

A10: We thank the reviewer for the suggestions. We have made the correction according to
the reviewer’s suggestion by removed ‘of’ from ‘in total of 3631’ [Page 14, line 340]. The
revised sentences are as below: “In total 3631 patients with chronic hepatitis were recruited.”
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Online Review Report can be checked in the following link:
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Reviewer 1 Repeort

Itham et al conducted large-scale profiling for STIM1 and ORAI1 SNF in large HBY patient sets. Though the statistical significance
are low for the SNP probabaly due to not enough HCC patients, the data are still quite valuable to the community and have
potential clinical benefits. | would happily accept the paper if the author can address my following guestions

1.1 am quite interesied in whether there are gender differences in SNP profile. Namely, since you have a large dataset, could you
evaluate whether there is any SNP signature that is more dominant in males or females? And after the gender grouping, if
there are any SNPs that showed signiiicant association?

For all the SNPs you identified, could you please show some examples that some of the SNPs can cause functional alterations
to the proteins (mutations in critical domains that may cause a structural change of the protein), especially in the SNPs that
sNows trends 1o be associated with the HCC?
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shows trends to be associated with the HCC?

Reviewer 2 Repert

The manuscript ‘Evaluation of genetic susceptibility between store-operated calcium influx pathway (STIM1 and ORAI1) and
human hepatocellular carcinoma in pafients with chronic hepatitis B infection’ aims to ideniify polymorphisms associated with
human hepatocellular carcinoma in 3631 Taiwanese patienis. Overall, the manuscript presents data that are important to the field
yet a few points need to be clarified. The specific points that resulted in this conclusion are listed below.

The title is not reflective of the research presentad in the manuscript. Genetic susceptibility is used in the titie however the
research is investigating association of 8NP with human i not genetic lity. Genetic

is also known as genetic predisposition, which cannot be properly evaluated in the current study. Title needs to be revised to
reflect the presented study.

Line 28: Remove ‘of from ‘in total of 3631

Line 32-33. The authors state that ‘our study revealed that calcium signaling is essential for hepatitis B virus replication’. This is
not a valid conclusion of the study presented. While there is published research supporting this conclusion, the current study does
not. The current study only evaluates SNP in STIM1 and ORAI1 and calcium signaling is not measured. Remove sentence from
paragrapn.

Line 130: Specify which Qiagen kit was used

Line 279-281: The authors state that ‘We acknowledge a lack of calcium concentration data as a limitation of this study, which
prevented us frem undersianding its correlation with HCC progression in CHE patients, even though a previous study revealed
that the lowest Ca2+ level could be correlated with a decrease in HBV replication’. This is beyond the scope of the current study

as the presented research does not evaluate calcium signaling. This sentence and similar statements in the discussion need o heBad( Ualhisl
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Line 130: Specify which Qiagen kit was used.

Line 279-281: The authors state that We acknowledge a lack of calcium concentration data as a limitation of this study, which
prevented us from undersianding its correlation with HCC pregression in CHE patients, even though a previous study revealed
that the lowest Ca2+ level could be correlated with a decrease in HBV replication”. This is beyond the scope of the current study
as the presented research does not evaluate calcium signaling. This sentence and similar statements in the discussion need to be
removed.

Font size varies throughout the entire manuscript. Keep font size consistent.

Table 2: Font of column titles is not consistent (minor allelic fraquencies). Keep font consistent.
Line 137: Change ‘an’ to ‘a’

Line 139: Define OR. OR is not defined until line 162.
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Author Response to Reviewer Comment

Reviewer 1.

Comments and Suggestions for Authors

Irham et al conducted large-scale profiling for STIM1 and ORAIL1 SNP in large HBV patient sets.
Though the statistical significance are low for the SNP probably due to not enough HCC patients,
the data are still quite valuable to the community and have potential clinical benefits. | would
happily accept the paper if the author can address my following questions.

Answer: We sincerely thank the reviewer for the time taken to review our work.

Q1: Reviewer #1. | am quite interested in whether there are gender differences in SNP profile.
Namely, since you have a large dataset, could you evaluate whether there is any SNP signature
that is more dominant in males or females? And after the gender grouping, if there are any SNPs
that showed significant association?

Al: We sincerely thank the reviewer for their suggestion. It is a very important point. As suggested
by reviewer, we confirmed all the SNPs (40 SNPs) with stratified analyses in association between
the SNPs and gender (male and female). In the present analyses showed that male gender is more
dominant (2196 subjects) compared to female gender (1435 subjects) as showed in the following
Table. In addition, we found that two SNPs (rs2959081 and rs7116520) of STIM1 and one SNP of
rs6486795 ORAIL gene showed an association for gender. The trend of these two STIM1 SNPs
(rs2959081 and rs7116520) showed an association in female gender, while the ORAI1 SNP
rs6486795 showed an association in male gender. Interestingly, through this analysis, we still
identified the trend of two SNPs (rs7116520 and rs6486795) are consistent to be associated not
only in HCC but also in case of gender. Furthermore, herein, we identified the new SNP of ORAI1
52959081 showed the trend of significant association in male gender. However, after correction
for multiple testing, none of the SNPs reached a significant level.



Associations of STIM1 and ORAII genes with gender (Male and Female)

Male Gender Female Gender

N=2196 (60.48%) N=1435 (39.52%)
Eff (Genotype) (Dominant) (Genotype) (Dominant)
SNP Gene et p value® p value® p value® p value®

allele

[q value] [q value] [q value] [q value]

rs4243966  STIM1 C 0.879 0.993 0.349 0.321
[0.963] [0.993] [0.971] [0.975]

rs7943201  STIM1 A 0.776 0.485 0.417 0.323
[0.963] [0.993] [0.971] [0.975]

rs11030122  STIM1 G 0.817 0.821 0.927 0.727
[0.963] [0.993] [0.971] [0.975]

rs7951076  STIM1 A 0.633 0.362 0.919 0.719
[0.963] [0.993] [0.971] [0.975]

rs7952083  STIM1 C 0.775 0.806 0.512 0.403
[0.963] [0.993] [0.971] [0.975]

rs7120828  STIM1 T 0.372 0.203 0.277 0.130
[0.963] [0.993] [0.971] [0.975]

rs10458894  STIM1 T 0.370 0.193 0.263 0.547
[0.963] [0.993] [0.971] [0.975]

rs7120683  STIM1 G 0.278 0.110 0.366 0.160
[0.963] [0.993] [0.971] [0.975]

rs10835262  STIM1 A 0.913 0.908 0.920 0.828
[0.963] [0.993] [0.971] [0.975]

rs4622250  STIM1 T 0.512 0.926 0.970 0.873
[0.963] [0.993] [0.971] [0.975]

rs75197750  STIM1 T 0.196 0.131 0.668 0.380
[0.963] [0.993] [0.971] [0.975]

rs10500589  STIM1 C 0.603 0.319 0.966 0.883
[0.963] [0.993] [0.971] [0.975]

rs11030209  STIM1 C 0.642 0.926 0.905 0.761
[0.963] [0.993] [0.971] [0.975]

rs10835270 STIM1 T 0.394 0.180 0.794 0.837
[0.963] [0.993] [0.971] [0.975]

rs11030210 STIM1 T 0.729 0.945 0.381 0.479
[0.963] [0.993] [0.971] [0.975]

1s7929653  STIM1 A 0.693 0.963 0.923 0.928
[0.963] [0.993] [0.971] [0.975]

rs6578418  STIM1 G 0.240 0.095 0.328 0.249
[0.963] [0.993] [0.971] [0.975]

rs10835272  STIM1 A 0.375 0.838 0.598 0.826
[0.963] [0.993] [0.971] [0.975]




rs10742189

157129444

rs7118422

rs4910863

rs11030264

rs7924984

rs2412338

rs10835402

rs11030472

rs11030478

rs11030486

rs12284835

18727152

1s2959081

rs11030639

157116520

rs1442725

rs11030841

rs4910882

rs6486795

rs74936888

rs3741595

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

STIM1

ORAII

ORAII

ORAIl

@)

Qa o o o » =9 » o ao =3 » Qo O S

—

a o o » o»

0.808
[0.963]
0.824
[0.963]
0.926
[0.963]
0.887
[0.963]
0.757
[0.963]
0.389
[0.963]
0.396
[0.963]
0.963
[0.963]
0.147
[0.963]
0.688
[0.963]
0.698
[0.963]
0.071
[0.963]
0.519
[0.963]
0.608
[0.963]
0.770
[0.963]
0.410
[0.963]
0.304
[0.963]
0.611
[0.963]
0.637
[0.963]
0.078
[0.963]
0.304
[0.963]
0.184
[0.963]

0.755
[0.993]
0.563
[0.993]
0.929
[0.993]
0.835
[0.993]
0.476
[0.993]
0.506
[0.993]
0.501
[0.993]
0.790
[0.993]
0.078
[0.993]
0.934
[0.993]
0.874
[0.993]
0.109
[0.993]
0.315
[0.993]
0.543
[0.993]
0.666
[0.993]
0.209
[0.993]
0.373
[0.993]
0.486
[0.993]
0.501
[0.993]
0.037
[0.993]
0.124
[0.993]
0.081
[0.993]

0.404
[0.971]
0.736
[0.971]
0.715
[0.971]
0.208
[0.971]
0.183
[0.971]
0.240
[0.971]
0.163
[0.971]
0.109
[0.971]
0.456
[0.971]
0.920
[0.971]
0.926
[0.971]
0.822
[0.971]
0.725
[0.971]
0.021
[0.971]
0.054
[0.971]
0.007
[0.971]
0.706
[0.971]
0.381
[0.971]
0.362
[0.971]
0.971
[0.971]
0.419
[0.971]
0.731
[0.971]

0.232
[0.975]
0.843
[0.975]
0.419
[0.975]
0.076
[0.975]
0.068
[0.975]
0.319
[0.975]
0.358
[0.975]
0.170
[0.975]
0.214
[0.975]
0.824
[0.975]
0.823
[0.975]
0.636
[0.975]
0.951
[0.975]
0.005
[0.975]
0.195
[0.975]
0.001
[0.975]
0.467
[0.975]
0.885
[0.975]
0.975
[0.975]
0.850
[0.975]
0.418
[0.975]
0.637
[0.975]

? Adjusted by alanine transaminase and age. Significant p values are in bold*. The q value is the
false discovery rate (FDR) estimation for multi-testing.



Q2: Reviewer #1. For all the SNPs you identified, could you please show some examples that
some of the SNPs can cause functional alterations to the proteins (mutations in critical domains
that may cause a structural change of the protein), especially in the SNPs that shows trends to be
associated with the HCC?

A2: We sincerely thank the reviewer for the time taken to review our work and the important
suggestions are given. According to reviewer suggestion, we try to confirm the effect of the
alteration/ deleteriousness of variants in protein by using some of the functional annotation tools
such as the scale-invariant feature transform (SIFT), Polymorphism Phenotyping v2 (PlyPhen-2),
ClinvVar and Combined Annotation Dependent Depletion (CADD) databases. As shown in the
following Table, all four SNPs (STIM1 rs6578418, rs11030472, rs7116520, and ORAI1 rs6486795)
are intron variants and we could not find the information of these four SNPs (the SNPs that shows
trends to be associated with the HCC) effect of the change on protein function in three databases
(SIFT, PlyPhen-2, and ClinVar). However, we still identified the information of four SNPs from
CADD. The scores of CADD are displayed in four variants with score less than 30 which mean
those four variants more likely to be benign rather than deleterious.

Information about the variants consequence from various databases

SNP Position (hg38) Effect Consequence PolyPhen2 SIFT Clinvar CADD

(bp) Allele Type
rs6578418 Chr11:3905002 G Intron variant NA NA NA 4.363(Benign)
rs11030472 Chr11:3978105 G Intron variant NA NA NA 8.781(Benign)
rs7116520 Chr11:4032147 G Intron variant NA NA NA 0.541(Benign)
rs6486795 Chr12:121638011 C Intron variant NA NA NA 0.481(Benign)

NA: Not Available

Additionally, we try to elaborate the relationship between the STIM1 rs6578418, rs11030472,
rs7116520 and ORAI1 rs6486795 and gene expression. Through this way, we utilized the publicly
available databases GTEx portal (http:// www.gtexportal.org/home/) to confirmed the tissue
expression guantitative trait loci. For two STIM1 SNPs rs6578418 and rs11030472, we could not
find the expression data on the GTEX portal database due to limited available tissue (Table S3).
While the trend of STIM1 rs7116520 showed in a variety of tissues including heart-left ventricle
and nerve tibial lung tissue with GG genotype had higher expression compared to those with AG
and AA genotype (Figure S3). Furthermore, ORAI1 rs6486795 with CC genotype showing a
highly expressed compared to those with TC and TT genotype in variety of tissues (e.g. whole
blood, esophagus, thyroid, heart, stomach, pancreas, muscle, colon). This paragraph has been
added in the result part of this study [Page 13, lines 298-308] and we also added the SNP annotation
data query in the method section [Page 5, lines 138-141]. Furthermore, the Table (Table S3) and
Figure (Figure S3) were added in the supplementary materials [Page 15, lines, 409-410 and page
16, lines 417-418].



http://www.gtexportal.org/home/

Table S3. Expression Quantitative trail loci (eQTL) results of The SNP from Genotype-tissue
expression (GTEX).

Gencode ID Gene Effect

SNP ID (ENSG00000-) symbol p value size Tissue Actions
rs7116520 167323.11 STIMI  1.1e-9 -0.18 Nerve - Tibial GG>AG>AA
167323.11 STIMI  2.0e-8 -0.22 Heart-Left Ventricle GG>AG>AA
rs6578418 NA NA NA NA NA NA
rs11030472 NA NA NA NA NA NA
rs6486795 276045.2 ORAIl  1.30E-17 0.22 Whole Blood CC>CT>TT
276045.2 ORAIl  9.90E-16 0.29 Esophagus - Mucosa CC>CT>TT
276045.2 ORAIl  3.30E-13 0.23 Thyroid CC>CT>TT
276045.2 ORAIl  7.60E-08 0.24 Stomach CC>CT>TT
276045.2 ORAIl  4.50E-07 0.25 Pancreas CC>CT>TT
276045.2 ORAIl  4.80E-07 0.11 Muscle - Skeletal CC>CT>TT
276045.2 ORAIl  1.5E-06 0.21 Colon - Transverse CC>CT>TT
276045.2 ORAII  0.000029 0.19 Esophagus - CC>CT>TT
Gastroesophageal
Junction
276045.2 ORAII  0.000058 0.17 Heart - Atrial CC>CT>TT
Appendage
276045.2 ORAIl  0.00016 0.13 Esophagus - CC>CT>TT
Muscularis

Source: Expression Quantitative trail loci (eQTL) obtained from https://gtexportal.org/home, NA: Not Available



https://gtexportal.org/home/eqtls/byGen?geneId=ENSG00000167323.11&tissueName=Nerve_Tibial
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Figure S3. Correlation between genotype and expression in tissue determined by Cis-expression
quantitative trait loci (cis-eQTLs). Figure A STIM1 rs7116520 Homozygous (GG) >Heterozygous
(AG)>Homozygous (AA) in heart-left ventricle tissue. Figure B ORAI1 rs6486795 Homozygous
CC>Heterozygous (TC)>Homozygous (TT) in whole blood.


https://www.gtexportal.org/home/snp/rs6486795

Reviewer 2.

Comments and Suggestions for Authors

The manuscript ‘Evaluation of genetic susceptibility between store-operated calcium influx
pathway (STIM1 and ORAI1) and human hepatocellular carcinoma in patients with chronic
hepatitis B infection’ aims to identify polymorphisms associated with human hepatocellular
carcinoma in 3631 Taiwanese patients. Overall, the manuscript presents data that are important to
the field, yet a few points need to be clarified. The specific points that resulted in this conclusion
are listed below.

Answer: We sincerely thank the reviewer for the time taken to review our work

Q1: Reviewer #2. The title is not reflective of the research presented in the manuscript. Genetic
susceptibility is used in the title however the research is investigating association of SNP with
human hepatocellular carcinoma not genetic susceptibility. Genetic susceptibility is also known as
genetic predisposition, which cannot be properly evaluated in the current study. Title needs to be
revised to reflect the presented study.

Al: We thank the reviewer for the suggestions. To reflect the title of this study, we currently
evaluated the Store-Operated Calcium (STIM1 and ORAI1) as the additional supported data of
functional cell-based assay. As shown in the current study (Figure 2) that we validated the roles
of Store-Operated Calcium influx pathway (STIM1 and ORAI1) in HCC cell progression using
two liver cancer cell lines (Huh 7 and HepG2). Figure 2A showed that the colocolization of STIM1
and Orail was inhibited by 2-APB pre-treatment 30 min in Huh 7 cells. We further analyzed the
inhibition effect of Store-Operated Calcium activity suppression on cell migration in Huh 7 and
HepG2 cell lines. The results showed that liver cancer cells migration (Huh 7 and HepG2)
significantly decreased by 2-APB pre-treatment compared to the control group (Figure 2B and
2C). These results indicated that inhibition of Store-Operated Calcium by 2-APB was able to block
the liver cancer cells migration. This paragraph has been added in the result part of this study [page
13, lines 310-328] and we also added the functional cell-based assay accordingly in the method
section [Pages 5-6, lines 143-173]. In addition, we added the sentences in the discussion part
[Pages 15, lines 388-390] and modified the conclusion [Pages 15-16, lines 397-402].
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Figure 2. Inhibition of STIM1-Orail colocolization by 2-APB pre-treatment leads to
reduced liver cancer cell migration ability. The Huh 7 cells were pre-treated with SOC
inhibitor, 2-APB for 30 min. (A). The cells were co-transfected with STIM1-YFP and
Orail-mCherry and reseeded on Lab-Tek chambered cover glass for 24h. The inhibition
effect of 2-APB on TG-induced SOC activity were observed with time-lapse TIRFM
images. The inhibition effect of 2-APB on (B) Huh 7 or (C) HepG2 cell migration ability
was examined by transwell migration assay. Statistically significant data are indicated by
* for p < 0.05 and ** for p < 0.01.

Q2: Reviewer #2. Line 28: Remove ‘of” from ‘in total of 3631°.
A2: We sincerely thank the reviewer for their suggestion. It is a very important point. We already
Removed ‘of” from ‘in total of 3631 according to the reviewer’s suggestions [Page 1, line 31].



Q3: Reviewer #2. Line 32-33. The authors state that ‘our study revealed that calcium signaling is
essential for hepatitis B virus replication’. This is not a valid conclusion of the study presented.
While there is published research supporting this conclusion, the current study does not. The
current study only evaluates SNP in STIM1 and ORAI1 and calcium signaling is not measured.
Remove sentence from paragraph.

A3: We sincerely thank the reviewer for taking the time to review our work. According to the
reviewer comment, we provided the data of functional cell-based study as showed in the Figure 2.
Functional studies by both total internal reflection fluorescence microscopy and transwell
migration assay confirmed the critical roles of SOC-mediated signaling in the HCC migration.
According to the result of current data of functional cell-based assay, we corrected the sentences
as presented in the following paragraph [Page 1, lines 35-41].

In particular, our study revealed that calcium (Ca?*) signaling is essential for the migration of HCC,
however, genetic polymorphisms of SOC pathway (STIM1 and ORAI1) are not significantly
associated with HCC progression. Besides, three SNPs of STIM1 (rs6578418, rs11030472, and
rs7116520) and one SNP of ORAI1 (rs6486795) with a borderline significant trend, might be
worth further study. Based on such a comprehensively screening in 3631 patients with chronic
hepatitis, we believe that our results are of substantial interest to geneticists especially population
geneticists, and clinical physicians.

Furthermore, we modified the conclusion of this study as presented in the following paragraph
[Pages 15-16, lines 397-402].

Our study indicated that inhibition of SOC is able to block the cell migration in two liver cancer
(Huh 7 and HepG2) cell lines. Although Ca?* signaling is essential for the development of HCC,
the genetic polymorphisms of SOC pathway (STIM1 and ORAI1) are not significantly associated
with HCC progression after multiple correction. Besides, three SNPs of STIM1 (rs6578418,
rs11030472, and rs7116520) and one SNP of ORAI1 (rs6486795) with a borderline
significant trend should be particularly focused in the future study.

Q4: Reviewer #2. Line 130: Specify which Qiagen kit was used.
A4: We thank the reviewer for the suggestions, the sentence has been added in the manuscript
[Page 5, line 134].

Q5: Reviewer #2. Line 279-281: The authors state that ‘We acknowledge a lack of calcium
concentration data as a limitation of this study, which prevented us from understanding its
correlation with HCC progression in CHB patients, even though a previous study revealed that the
lowest Ca2+ level could be correlated with a decrease in HBV replication’. This is beyond the
scope of the current study as the presented research does not evaluate calcium signaling. This
sentence and similar statements in the discussion need to be removed.

A5: We are very grateful to the reviewer’s suggestion. We already adjusted the sentences located
in the last of discussion part as suggested by the reviewer. The modifications of sentences are
presented in the following paragraph [Page 15, lines 390-394].



We acknowledge a weak correlation between STIM1 and ORAI1 polymorphisms and the risk of
HCC progression in CHB patients may have been due to the modest sample size (3631 CHB
patients), which led to a small power in the statistical analysis. Another possibility is that the
majority of polymorphisms were located in the non-coding region. The genetic effects of each
polymorphism to the expression of store-operated calcium channel are mild.

Q6: Reviewer #2. Font size varies throughout the entire manuscript. Keep font size consistent.
A6: We are very grateful to the reviewer’s suggestion. We did it as suggested by the reviewer.

Q7: Reviewer #2. Table 2: Font of column titles is not consistent (minor allelic frequencies).
Keep font consistent.
AT: Thank you for your suggestion. We did it as suggested by the reviewer.

Q8: Reviewer #2. Line 137: Change ‘an’ to ‘a’.

A8: Many thanks to the reviewer’s suggestions. We have made the correction according to the
reviewer suggestion by change “an” to “a” in the sentences [Page 6, line 180]. The revised
sentences are as below:

Linkage disequilibrium (LD) was evaluated with Haploview software version. 4.2 (Broad Institute,
Cambridge, MA, USA) by a SNP analysis of STIM1 and ORAI1 polymorphisms together as
haplotype blocks.

Q9: Reviewer #2. Line 139: Define OR. OR is not defined until line 162.
A9: Many thanks to the reviewer’s suggestions. We have made the correction according to the
comment from reviewer by adding the full name of OR, “odds ratio (OR)” [Page 6, line 182].

Q10: Reviewer #2. Line 233: Remove ‘of” from ‘in total of 3631°.

A10: We thank the reviewer for the suggestions. We have made the correction according to the
reviewer’s suggestion by removed ‘of” from ‘in total of 3631’ [Page 14, line 343]. The revised
sentences are as below:

“In total 3631 patients with chronic hepatitis were recruited.”
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<hiyang@gate.sinica.edu.tw>, Wei Chiao Chang <weichiao.chang@gmail.com>, Biology Editorial Office
<biology@mdpi.com>

Dear Mr. Muhammad Irham,
Thank you for submitting the following manuscript to Biology:

Manuscript ID: biology-947101

Type of manuscript: Article

Title: Evaluation of Genetic susceptibility between store-operated calcium

influx pathway (STIM1 and ORAI1) and human Hepatocellular Carcinoma in

Patients with Chronic Hepatitis B Infection

Authors: Lalu Muhammad Irham, Wan Hsuan Chou, Wirawan Adikusuma, Henry
Sung-Ching Wong, Dyah Aryani Perwitasari, Ben Kuen Chen *, Hwai | Yang *, Wei
Chiao Chang *

Received: 12 September 2020

E-mails: lalu_irham@pharm.uad.ac.id, ocean.chou@tmu.edu.tw,
adikusuma28@gmail.com, miningyue@gmail.com, diahperwitasari2003@yahoo.com,
bkchen58@mail.ncku.edu.tw, hiyang@gate.sinica.edu.tw, weichiao.chang@gmail.com
Submitted to section: Cancer Biology,
https://www.mdpi.com/journal/biology/sections/cancer_biology

It has been reviewed by experts in the field and we request that you make

major revisions before it is processed further. Please find your manuscript

and the review reports at the following link:
https://susy.mdpi.com/user/manuscripts/resubmit/7b3d5ec09c479a749a6509a712e1523b

Your co-authors can also view this link if they have an account in our
submission system using the e-mail address in this message.

Please revise the manuscript according to the reviewers' comments and upload
the revised file within 7 days (by 20 October). Use the version of your
manuscript found at the above link for your revisions, as the editorial

office may have made formatting changes to your original submission. Any
revisions should be clearly highlighted, for example using the "Track
Changes" function in Microsoft Word, so that changes are easily visible to
the editors and reviewers. Please provide a cover letter to explain
point-by-point the details of the revisions in the manuscript and your
responses to the reviewers' comments. Please include in your rebuttal if you
found it impossible to address certain comments. The revised version will be
inspected by the editors and reviewers. Please detail the revisions that have
been made, citing the line number and exact change, so that the editor can
check the changes expeditiously. Simple statements like ‘done’ or

‘revised as requested’ will not be accepted unless the change is simply a
typographical error.

Please carefully read the guidelines outlined in the 'Instructions for
Authors' on the journal website
https:/iwww.mdpi.com/journal/biology/instructions and ensure that your
manuscript resubmission adheres to these guidelines. In particular, please

https://mail.google.com/mail/u/0?ik=d44992c4508view=pt&search=all&permthid=thread-f%3A1680413322985110799&simpl=msg-f%3A16804133229... 1/2
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UNIVERSITAS
AHMAD DAHLAN LALU MUHAMMAD IRHAM <lalu.irham@pharm.uad.ac.id>

Follow up: [Biology] Manuscript ID: biology-947101 - Revision Reminder

2 messages

Amy Tian <amy.tian@mdpi.com> Fri, Oct 23, 2020 at 1:09 AM
Reply-To: amy.tian@mdpi.com

To: Wei-Chiao Chang <weichiao.chang@gmail.com>

Cc: Lalu Muhammad Irham <lalu.irham@pharm.uad.ac.id>, Wan Hsuan Chou <ocean.chou@tmu.edu.tw>, Wirawan
Adikusuma <adikusuma28@gmail.com>, Henry Sung-Ching Wong <miningyue@gmail.com>, Dyah Aryani Perwitasari
<diahperwitasari2003@yahoo.com>, Ben Kuen Chen <bkchen58@mail.ncku.edu.tw>, Hwai | Yang
<hiyang@gate.sinica.edu.tw=>, Biology Editorial Office <biology@mdpi.com>

Dear Dr. Chang,

| hope this email finds you well. This is the follow up with my message
on 21 October 2020.

We are writing as we would like to know your revision progress and the
possible time that it could be submitted? As the manuscript will be
pending major revision for more time, we would like to ask you to upload
the revised version to the online system as a new submission and it will
be assigned a new manuscript ID.

http://www.mdpi.com/user/manuscripts/upload/?journal=biology

We will retain all records of biology-947101. The new submission will
be sent to the previous reviewers directly once we receive it.

Thank you very much for your consideration.
Looking forward to hearing from you soon.
Kind regards,

Ms. Amy Tian

Assistant Editor

Biology Impact Factor in 2020: 3.796 (2019 JCR®). For joining the
Editorial Board, please contact with biology@mdpi.com

Disclaimer: The information and files contained in this message are
confidential and intended solely for the use of the individual or entity

to whom they are addressed. If you have received this message in error,
please notify me and delete this message from your system. You may not
copy this message in its entirety or in part, or disclose its contents

to anyone.

On 2020/10/21 9:42, Amy Tian wrote:
Dear Dr. Chang,
Thank you very much for your kind reply.
We can give enough time for you to do your studies.
Meanwhile, | have a proposal. As the manuscript will be pending major
revision for more time, we would like to ask you to upload the revised
version to the online system as a new submission and it will be assigned

a new manuscript ID.

http:/f/www.mdpi.com/user/manuscripts/upload/?journal=biology
https://mail.google.com/mail/u/0?ik=d44992c450&view=pt&search=all&permthid=thread-f%3A1681329322224102134&simpl=msg-f%3A16813293222... 1/4
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We will retain all records of biology-947101. The new submission will
be sent to the previous reviewers directly once we receive it.

Thank you very much for your consideration.
Looking forward to hearing from you soon.
Kind regards,

Ms. Amy Tian

Assistant Editor

Biology Impact Factor in 2020: 3.796 (2019 JCR®). For joining the
Editorial Board, please contact with biology@mdpi.com

Disclaimer: The information and files contained in this message are
confidential and intended solely for the use of the individual or entity

to whom they are addressed. If you have received this message in errar,
please notify me and delete this message from your system. You may not
copy this message in its entirety or in part, or disclose its contents

to anyone.

On 2020/10/20 19:37, Wei-Chiao Chang wrote:
Dear Amy,

We are doing cell-based functional studies to improve the quality of this manuscript.
Could you please extend the deadline of revision ?
Hopefully, we will send it back next week.
Thank you~
wei chiao

REBFREHIRERE

B AR

Wei-Chiao Chang (D.Phil.; Oxon)

Distinguished Professor/Vice Dean, School of Pharmacy
Taipei Medical University, Taiwan

Tel: 886-2-27361661 ext.6187 <tel:02%202736%201661>

http:/ftwsnp.tmu.edu.tw/

Amy Tian <amy.tian@mdpi.com <mailto:amy.tian@mdpi.com>> §% 20205108 19 H iB— T54:298i8:
Dear Mr. Muhammad Irham,

We sent a revision request for the following manuscript on 13
October 2020.

Manuscript ID: biology-947101
Type of manuscript: Article
Title: Evaluation of Genetic susceptibility between store-operated

https://mail.google.com/mail/u/0?ik=d44992c4508&view=pt&search=all&permthid=thread-f%3A1681329322224102134&simpl=msg-{%3A16813293222... 2/4
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calcium

influx pathway (STIM1 and ORAI1) and human Hepatocellular Carcinoma in
Patients with Chronic Hepatitis B Infection

Authors: Lalu Muhammad Irham, Wan Hsuan Chou, Wirawan Adikusuma, Henry
Sung-Ching Wong, Dyah Aryani Perwitasari, Ben Kuen Chen *, Hwai |

Yang *, Wei

Chiao Chang *

Received: 12 September 2020

E-mails: lalu_irham@pharm.uad.ac.id

<mailto:lalu_irham@pharm.uad.ac.id>, ocean.chou@tmu.edu.tw
<mailto:ocean.chou@tmu.edu.tw=>,

adikusuma28@gmail.com <mailto:adikusuma28@gmail.com=>,
miningyue@gmail.com <mailto:miningyue@gmail.com=>,
diahperwitasari2003@yahoo.com <mailto:diahperwitasari2003@yahoo.com>,
bkchen58@mail.ncku.edu.tw <mailto:bkchen58@mail.ncku.edu.tw>,
hiyang@gate.sinica.edu.tw <mailto:hiyang@gate.sinica.edu.tw>,
weichiao.chang@gmail.com <mailto:weichiao.chang@gmail.com>

Submitted to section: Cancer Biology,
https://www.mdpi.com/journal/biology/sections/cancer_biology

May we kindly ask you to update us on the progress of your
revisions? If you

have finished your revisions, please upload the revised version
together with

your responses to the reviewers as soon as possible.

You can find your manuscript and review reports at this link:
https://susy.mdpi.com/user/manuscripts/resubmit/7b3d5ec09c479a749a6509a712e1523b

Thank you in advance for your kind cooperation and we look forward
to hearing
from you soon.

Kind regards,
Ms. Amy Tian
Assistant Editor

MDPI Beijing Office Tongzhou, Jincheng Center, Room 2207, Tongzhou
District,
China

MDPI Biology Editorial Office

St. Alban-Anlage 66, 4052 Basel, Switzerland

E-Mail: biology@mdpi.com <mailto:biology@mdpi.com=>
http://www.mdpi.com/journal/biology

Wei-Chiao Chang <weichiao.chang@gmail.com> Fri, Oct 23, 2020 at 1:15 AM
To: amy.tian@mdpi.com

Cc: Lalu Muhammad Irham <lalu.irham@pharm.uad.ac.id>, Wan Hsuan Chou <ocean.chou@tmu.edu.tw>, Wirawan
Adikusuma <adikusuma28@gmail.com>, Henry Sung-Ching Wong <miningyue@gmail.com>, Dyah Aryani Perwitasari
<diahperwitasari2003@yahoo.com>, Ben Kuen Chen <bkchen58@mail.ncku.edu.tw>, Hwai | Yang
<hiyang@gate.sinica.edu.tw>, Biology Editorial Office <biology@mdpi.com>

Hi Amy,
Many thanks for your mail.
I will re-submit our manuscript on 28th Oct.

Best regards,

wei chiao

https://mail.google.com/mail/u/0?ik=d44992c450&view=pt&search=all&permthid=thread-f%3A1681329322224102134&simpl=msg-f%3A16813293222... 3/4
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[Biology] Manuscript ID: biology-998991 - Accepted for Publication

1 message

Amy Tian <amy.tian@mdpi.com> Thu, Nov 5, 2020 at 7:50 PM
Reply-To: Amy Tian <amy.tian@mdpi.com>, Biology Editorial Office <biology@mdpi.com>

To: Lalu Muhammad Irham <lalu.irham@pharm.uad.ac.id>

Cc: Wan-Hsuan Chou <s700081@gmail.com>, Yu-Shiuan Wang <yswang1004@gmail.com>, Wirawan Adikusuma
<adikusuma28@gmail.com>, Henry Sung-Ching Wong <miningyue@gmail.com>, Dyah Aryani Perwitasari
<diahperwitasari2003@yahoo.com>, Wan Chen Huang <wanchen.huang@gmail.com>, Ben Kuen Chen
<bkchen58@icloud.com>, Hwai | Yang <hiyang@gate.sinica.edu.tw>, Wei Chiao Chang <weichiao.chang@gmail.com>,
Biology Editorial Office <biology@mdpi.com>, Amy Tian <amy.tian@mdpi.com>

Dear Mr. Muhammad Irham,

We are pleased to inform you that the following paper has been officially
accepted for publication:

Manuscript ID: biology-998991

Type of manuscript: Article

Title: Evaluation for the Genetic Association Between Store-Operated Calcium

Influx Pathway (STIM1 and ORAI1) and Human Hepatocellular Carcinoma in

Patients with Chronic Hepatitis B Infection

Authors: Lalu Muhammad Irham, Wan-Hsuan Chou, Yu-Shiuan Wang, Wirawan
Adikusuma, Henry Sung-Ching Wong, Dyah Aryani Perwitasari, Wan Chen Huang,
Ben Kuen Chen *, Hwai | Yang *, Wei Chiao Chang *

Received: 28 October 2020

E-mails: lalu.irham@pharm.uad.ac.id, s700081@gmail.com, yswang1004@gmail.com,
adikusuma28@gmail.com, miningyue@gmail.com, diahperwitasari2003@yahoo.com,
wanchen.huang@gmail.com, bkchen58@icloud.com, hiyang@gate.sinica.edu.tw,
weichiao.chang@gmail.com

Submitted to section: Genetics and Genomics,
https://www.mdpi.com/journal/biology/sections/Gene_Genomics
https://susy.mdpi.com/user/manuscripts/review_info/7b243b2ed7d515d0740beb8ab173d2be

We will now make the final preparations for publication, then return the
manuscript to you for your approval.

If, however, extensive English edits are required to your manuscript, we will
need to return the paper requesting improvements throughout.

We encourage you to set up your profile at SciProfiles.com, MDPI's
researcher network platform. Articles you publish with MDPI will be linked to
your SciProfiles page, where colleagues and peers will be able to see all of
your publications, citations, as well as your other academic contributions.

We also invite you to contribute to Encyclopedia (https://encyclopedia.pub),
a scholarly platform providing accurate information about the latest research
results. You can adapt parts of your paper to provide valuable reference
information for others in the field.

Kind regards,
Ms. Amy Tian
Assistant Editor

MDPI Beijing Office Tongzhou, Jincheng Center, Room 2207, Tongzhou District,
China

MDPI Biology Editorial Office
St. Alban-Anlage 66, 4052 Basel, Switzerland

https://mail.google.com/mail/u/0?ik=d44892c4508&view=pt&search=all&permthid=thread-1%3A168258 1345300268044 &simpl=msg-f%3A16825813453... 1/2
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4 messages

Amy Tian <amy.tian@mdpi.com> Fri, Nov 6, 2020 at 2:22 AM
Reply-To: amy.tian@mdpi.com

To: Lalu Muhammad Irham <lalu.irham@pharm.uad.ac.id>

Cc: Wan-Hsuan Chou <s700081@gmail.com>, Yu-Shiuan Wang <yswang1004@gmail.com=>, Wirawan Adikusuma
<adikusuma28@gmail.com>, Henry Sung-Ching Wong <miningyue@gmail.com>, Dyah Aryani Perwitasari
<diahperwitasari2003@yahoo.com>, Wan Chen Huang <wanchen.huang@gmail.com>, Ben Kuen Chen
<bkchen58@icloud.com>, Hwai | Yang <hiyang@gate.sinica.edu.tw>, Wei Chiao Chang <weichiao.chang@gmail.com>,
Biology Editorial Office <biology@mdpi.com>

Dear Mr. Muhammad Irham,

We invite you to proofread your manuscript to ensure that this is the final
version that can be published and confirm that you will require no further
changes from hereon:

Manuscript ID: biology-998991

Type of manuscript: Article

Title: Evaluation for the Genetic Association Between Store-Operated Calcium

Influx Pathway (STIM1 and ORAI1) and Human Hepatocellular Carcinoma in

Patients with Chronic Hepatitis B Infection

Authors: Lalu Muhammad Irham, Wan-Hsuan Chou, Yu-Shiuan Wang, Wirawan
Adikusuma, Henry Sung-Ching Wong, Dyah Aryani Perwitasari, Wan Chen Huang,
Ben Kuen Chen *, Hwai | Yang *, Wei Chiao Chang *

Received: 28 October 2020

E-mails: lalu.irham@pharm.uad.ac.id, s700081@gmail.com, yswang1004@gmail.com,
adikusuma28@gmail.com, miningyue@gmail.com, diahperwitasari2003@yahoo.com,
wanchen.huang@gmail.com, bkchen58@icloud.com, hiyang@gate.sinica.edu.tw,
weichiao.chang@gmail.com

Submitted to section: Genetics and Genomics,
https:/iwww.mdpi.com/journal/bioclogy/sections/Gene_Genomics

Please read the following instructions carefully before proofreading:

1) Download the manuscript from the link provided at the end of this message
and upload the final proofed version at the same link within 24 hours (1
working day). If you experience any difficulties, please contact the Biology
Editorial Office.

2) Please use Microsoft Word's built-in track changes function to highlight

any changes you make, or send a comprehensive list of changes in a separate
document. Note that this is the *last chance* to make textual changes to the
manuscript. Some style and formatting changes may have been made by the
production team, please do not revert these changes.

3) All authors must agree to the final version. Check carefully that authors'
names and affiliations are correct, and that funding sources are correctly
acknowledged. Incorrect author names or affiliations are picked up by
indexing databases, such as the Web of Science or PubMed, and can be
difficult to correct.

After proofreading, final production will be carried out. Note that changes

to the position of figures and tables may occur during the final steps.

Changes can be made to a paper published online only at the discretion of the
Editorial Office. In this case, a separate Carrection or Addendum will be
published and we reserve the right to charge 50 CHF per Correction (including
changes to author names or affiliations).

https://mail.google.com/mail/u/0?ik=d44992¢c450&view=pt&search=all&permthid=thread-%3A1682606010177258837&simpl=msg-f%3A16826060101... 1/3
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1 message

Submission System <submission@mdpi.com> Sun, Nov 8, 2020 at 9:19 PM
Reply-To: Amy Tian <amy.tian@mdpi.com>, Biology Editorial Office <biology@mdpi.com>

To: Lalu Muhammad Irham <lalu.irham@pharm.uad.ac.id>

Cc: Wan-Hsuan Chou <s700081@gmail.com>, Yu-Shiuan Wang <yswang1004@gmail.com>, Wirawan Adikusuma
<adikusuma28@gmail.com=>, Henry Sung-Ching Wong <miningyue@gmail.com=>, Dyah Aryani Perwitasari
<diahperwitasari2003@yahoo.com=>, Wan Chen Huang <wanchen.huang@gmail.com=>, Ben Kuen Chen
<bkchen58@icloud.com=>, Hwai | Yang <hiyang@gate.sinica.edu.tw=>, Wei Chiao Chang <weichiao.chang@gmail.com>

Dear Mr. Muhammad Irham,

Thank you very much for resubmitting the modified version of the following
manuscript:

Manuscript ID: biology-998991

Type of manuscript: Article

Title: Evaluation for the Genetic Association Between Store-Operated Calcium

Influx Pathway (STIM1 and ORAI1) and Human Hepatocellular Carcinoma in

Patients with Chronic Hepatitis B Infection

Authors: Lalu Muhammad Irham, Wan-Hsuan Chou, Yu-Shiuan Wang, Wirawan
Adikusuma, Henry Sung-Ching Wong, Dyah Aryani Perwitasari, Wan Chen Huang,
Ben Kuen Chen *, Hwai | Yang *, Wei Chiao Chang *

Received: 28 October 2020

E-mails: lalu.irham@pharm.uad.ac.id, s700081@gmail.com, yswang1004@gmail.com,
adikusuma28@gmail.com, miningyue@gmail.com, diahperwitasari2003@yahoo.com,
wanchen.huang@gmail.com, bkchen58@icloud.com, hiyang@gate.sinica.edu.tw,
weichiao.chang@gmail.com

Submitted to section: Genetics and Genomics,
https:/iwww.mdpi.com/journal/biology/sections/Gene_Genomics
https://susy.mdpi.com/user/manuscripts/review_info/7b243b2ed7d515d0740beb8ab173d2be

A member of the editorial office will be in touch with you soon regarding
progress of the manuscript.

Kind regards,
MDPI

Biology Editorial Office

Postfach, CH-4020 Basel, Switzerland
Office: St. Alban-Anlage 66, CH-4052 Basel
Tel. +41 61 683 77 34 (office)

Fax +41 61 302 89 18 (office)

E-mail: biology@mdpi.com
https:/iwww.mdpi.com/journal/bioclogy/

*** This is an automatically generated email ***
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[Biology] Manuscript ID: biology-998991; doi: 10.3390/biology9110388. Paper has
been published.

2 messages

Biology Editorial Office <biology@mdpi.com> Mon, Nov 9, 2020 at 4:04 AM

Reply-To: Amy Tian <amy.tian@mdpi.com=>, Biology Editorial Office <biology@mdpi.com>
To: Lalu Muhammad Irham <lalu.irham@pharm.uad.ac.id>
Cc: Biology Editorial Office <biology@mdpi.com>, Amy Tian <amy.tian@mdpi.com>

Dear Mr. Irham,

We are pleased to inform you that "Evaluation for the Genetic Association

between Store-Operated Calcium Influx Pathway (STIM1 and ORAI1) and Human
Hepatocellular Carcinoma in Patients with Chronic Hepatitis B Infection" by

Lalu Muhammad Irham, Wan-Hsuan Chou, Yu-Shiuan Wang, Wirawan Adikusuma, Henry
Sung-Ching Wong, Dyah Aryani Perwitasari, Wan-Chen Huang, Ben-Kuen Chen *,

Hwai-l Yang *, Wei-Chiao Chang * has been published in Biology and is

available online:

Abstract: https://www.mdpi.com/2079-7737/9/11/388
HTML Version: https://www.mdpi.com/2079-7737/9/11/388/htm
PDF Version: https://www.mdpi.com/2079-7737/9/11/388/pdf

You are receiving this email at the request of the authors. We would be happy
to keep you updated about new issue releases of Biology. Please enter your
e-mail address in the box at https://www.mdpi.com/journal/biology/toc-alert/
to receive notifications.

We also invite you to consider Biology and other open access MDPI journals
when publishing your next article. A full list is available at
https://www.mdpi.com/about/journals.

Kind regards,

Biology Editorial Office

Postfach, CH-4020 Basel, Switzerland
Office: St. Alban-Anlage 66, CH-4052 Basel
Tel. +41 61 683 77 34 (office)

Fax +41 61 302 89 18 (office)

E-mail: bioclogy@mdpi.com
https://www.mdpi.com/journal/biology/

biology@mdpi.com <biology@mdpi.com> Mon, Nov 9, 2020 at 4:06 AM

Reply-To: amy.tian@mdpi.com, biology@mdpi.com

To: lalu.irham@pharm.uad.ac.id, s700081@gmail.com, yswang1004@gmail.com, adikusuma28@gmail.com,
miningyue@gmail.com, diahperwitasari2003@yahoo.com, wanchen.huang@gmail.com, bkchen58@mail.ncku.edu.tw,
hiyang@gate.sinica.edu.tw, wcc@tmu.edu.tw

Cc: billing@mdpi.com, website@mdpi.com, biology@mdpi.com, amy.tian@mdpi.com

Dear Authors,

We are pleased to inform you that your article "Evaluation for the Genetic
Association between Store-Operated Calcium Influx Pathway (STIM1 and ORAI1)
and Human Hepatocellular Carcinoma in Patients with Chronic Hepatitis B
Infection” has been published in Biology and is available online:

Abstract: https://www.mdpi.com/2079-7737/9/11/388
HTML Version: https://www.mdpi.com/2079-7737/9/11/388/htm

https://mail.google.com/mail/u/0?ik=d44992c4508&view=pt&search=all&permthid=thread-%3A1682884243328225569&simpl=msg-f%3A16828842433...
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Simple Summary: In this study, we systematically evaluated the genetic susceptibility between the
store-operated calcium (SOC) influx pathway (stromal interaction molecule 1 (STIM1) and ORAI1)
and human hepatocellular carcinoma (HCC) in patients with chronic hepatitis B (CHB) infection.
In total, 3631 patients with CHB were recruited, forty polymorphisms of STIM1 and ORAII were
comprehensively analyzed. Three single-nucleotide polymorphisms (SNPs) of STIM1 (rs6578418,
rs11030472, and rs7116520) and one SNP of ORAI1 (rs6486795) showed a trend of being significantly
associated with HCC. In particular, our functional studies (images from total internal reflection
fluorescence microscopy and transwell migration assay) revealed that calcium (Ca®") signaling is
essential for the migration of HCC. Based on such a comprehensively screening in 3631 patients with
chronic hepatitis, our results indicate the important role of store-operated calcium pathways in HCC.

Abstract: Hepatocellular carcinoma (HCC) often develops from chronic hepatitis B (CHB) through
replication of hepatitis B virus (HBV) infection. Calcium (Ca?*) signaling plays an essential role in
HBYV replication. Store-operated calcium (SOC) channels are a major pathway of Ca?* entry into
non-excitable cells such as immune cells and cancer cells. The basic components of SOC signaling
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include the STIM1 and ORAI1 genes. However, the roles of STIM1 and ORAI1 in HBV-mediated HCC
are still unclear. Thus, long-term follow-up of HBV cohort was carried out in this study. This study
recruited 3631 patients with chronic hepatitis (345 patients with HCC, 3286 patients without HCC) in
a Taiwanese population. Genetic variants of the STIM1 and ORAI1 genes were detected using an
Axiom CHB1 genome-wide array. Clinical associations of 40 polymorphisms were analyzed. Three of
the STIM1 single-nucleotide polymorphisms (SNPs) (rs6578418, rs7116520, and rs11030472) and one
SNP of ORAI1 (rs6486795) showed a trend of being associated with HCC disease (p < 0.05). However,
after correction for multiple testing, none of the SNPs reached a significant level (g > 0.05); in contrast,
neither STIM1 nor ORAI1 showed a significant association with HCC progression in CHB patients.
Functional studies by both total internal reflection fluorescence images and transwell migration assay
indicated the critical roles of SOC-mediated signaling in HCC migration. In conclusion, we reported
a weak correlation between STIM1/ORAI1 polymorphisms and the risk of HCC progression in
CHB patients.

Keywords: chronic hepatitis B (CHB); hepatocellular carcinoma (HCC); hepatitis B virus (HBV);
STIM1; ORAII; single-nucleotide polymorphism (SNP)

1. Introduction

Hepatitis B virus (HBV) infection remains the most common chronic viral infection in the world.
Despite the development of a vaccine, HBV remains a serious problem worldwide. The World Health
Organization (WHO) reported around 257 million new cases and 887,000 deaths due to HBV infection
in 2018 [1]. Among them, most patients died from HBV-related complications, including liver cirrhosis
and hepatocellular carcinoma (HCC) [2]. HCC, a primary liver cancer, is the fifth most often diagnosed
cancer and the second cause of cancer-related deaths among all cancers worldwide [3]. It was also
recorded as the second leading cause of cancer-related deaths in East Asia and sub-Saharan Africa and
the sixth most common cancer in western countries [4,5]. The incidence of HCC is heterogeneously
distributed geographically, with more than 80% of HCC cases occurring in East Asia and sub-Saharan
Africa, and China alone accounting for over 50% of global HCC cases [6].

Many factors may contribute to the development of HCC from HBYV infection, including host
factors (such as a male gender, an older age, being seropositive of the hepatitis B surface antigen
(HBsAg), and genetic variants), environmental factors (such as aflatoxin Bl and alcohol consumption),
and viral HBV genotypes [6-9]. Moreover, host genetic polymorphisms of several genes, as reported
in Asian studies, could be associated with clinical outcomes of HBV-related HCC, including kinesin
family member 1b (KIF1B) rs17401966 [10], major histocompatibility complex, class II, DQ alpha 1
(HLA-DQAT) 1s9272105, glutamate ionotropic receptor kainate type subunit 1 (GRIK1) rs455804 [11],
major histocompatibility complex, class II, DQ alpha 2 (HLA-DQA?2) rs9275319, signal transducer and
activator of transcription 4 (STAT4) rs7574865 [12], and phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic (PIK3CA) rs17849071 [13].

The HBV X protein (HBx), the smallest HBV protein, was reported to mediate the viral replication
process in hepatocytes through elevating the intracellular calcium (Ca?*) concentration [14]. Elevation of
intracellular Ca?* results from Ca?* release from the endoplasmic reticulum (ER), a major intracellular
Ca?* store, and Ca?" influx through Ca?* channels [15,16]. There are two main proteins involved in
Ca2+ elevation in unexcitable cells: stromal interaction molecule 1 (STIM1) located in the ER and
ORAI1 expressed by plasma membranes [17]. STIM1, a protein involved in the store-operated Ca%*
(SOC) entry process, was confirmed to be required by cluster of differentiation 4-positive (CD4*) and
cluster of differentiation 8-positive (CD8+) T-cell antiviral immunity [18]. STIM1 acts as a Ca" sensor,
which is able to interact with ORAII to trigger Ca?* influx [17]. Previous studies have reported that
defective regulation of SOC signaling contributes to the pathogenesis of several diseases including
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cancer progression, infections, allergies, and hemostasis [17]. However, the roles of STIM1 and ORAI1
in HBV-mediated HCC remain unclear. Herein, we conducted a genetic association study to address
this question.

2. Materials and Methods

2.1. Study Subjects

This study is part of the Risk Evaluation of Viral Load Elevation and Associated Liver
Disease/Cancer-Hepatitis B Virus (REVEAL-HBV) study, which is a community-based cohort study in
Taiwan of individuals infected with HBV aged 30-65 years. The workflow of the study is depicted
in Figure 1. In total, 3631 HBV patients (345 patients with HCC and 3286 patients without HCC)
met the inclusion criteria (i.e., seronegative for antibodies against the hepatitis C virus/anti-HCV,
adequate serum sample of hepatitis B early antigen (HBeAg), seropositive for the hepatitis B surface
antigen (HBsAg), and serum levels of alanine aminotransferase (ALT) and HCC-free patients at study
entry) [19]. The period of study recruitment was 1991-1992 with a follow-up until 2014 in seven
regions of Taiwan (i.e., Sanchi, Chutung, Potzu, Kaoshu, Makung, Hushi, and Paisha). All of the
study participants were ethnic Chinese (i.e., Taiwanese). They provided written informed consent
before participation as a declaration, agreeing that we could conduct an interview, collect a blood
specimen, and conduct various serologic and biochemical assays. This project was approved by
the ethics committees at Academia Sinica (AS-IRB-BM-15017) Taipei, Taiwan. All participants were
interviewed in person using a structured questionnaire administered by well-trained public health
nurses. Sociodemographic characteristics of each patient were queried, including their medical and
surgical histories, and any family history of HCC.
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Figure 1. Data from 3631 hepatitis B virus (HBV) patients including 3286 subjects without hepatocellular carcinoma (HCC) and 345 subjects with HCC were analyzed.
Axiom-chronic hepatitis B -(CHB) genome-wide array was used for genotyping. A total of 40 single nucleotide polymorphism (SNPs) were assessed (37 STIM1 and

three ORAII) through this method.
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2.2. Clinical Evaluation

All participants in the REVEAL-HBV study were followed-up every 6-12 months to check for a
clinical evaluation of HBV characteristics including determining the HBsAg level, the serostatus of
HBsAg, the serostatus of HBeAg, and the ALT level. The serostatuses of HBsAg, HBeAg, and ALT were
tested using commercial kits. Levels of HBsAg and HBeAg were quantified with a radioimmunoassay
(Abbott Laboratories, North Chicago, IL, USA). Serum HBsAg levels were quantified using a Roche
Elecsys HBsAg II Quant assay. ALT was quantified using a serum chemistry autoanalyzer (model 736;
Hitachi, Tokyo, Japan) with commercial reagents. The HBV genotype was determined in those with
detectable serum levels of HBV DNA by a melting curve analysis.

2.3. Ascertainment of HCC

All participants of this study were ascertained to not have HCC at the time of study entry, and cases
of HCC during follow-up were determined by computerized linkage of data with information from
the National Cancer Registry in Taiwan. The HCC diagnosis was based on pathological examination
of hepatic specimens, positive lesions with confirmation, which included at least two different imaging
techniques (angiogram, computed tomography, or abdominal ultrasonography), or positive lesions by
one imaging technique accompanied by an «-fetoprotein level of >400 ng/mL.

2.4. Genotyping of SNPs

Our study is part of the REVEAL-HBV cohort study, a community-based cohort (consisting of
345 patients with HCC during follow-up and 3286 patients without HCC). Human genomic DNA
was extracted from peripheral blood leukocytes using Qiagen commercial kits (QIAamp DNA Blood
Maxi Kit) and standard methods. Axiom CHB1 genome-wide array was applied to discover genes
potentially associated with HBV-related HCC.

2.5. SNP Annotation Data Query

In order to evaluate the relationship between SNPs and profiles of gene expression, we confirmed
it by examining the expression quantitative trait loci (e-QTL) through Genotype-Tissue Expression
(GTEx) portal database (http://www.gtexportal.org/home/), which contains the expressions of genes in
a variety of tissues.

2.6. Cell Culture

The liver cancer cell lines Huh 7 and HepG2 were cultured in Dulbecco’s modified Eagle medium
(DMEM; Invitrogen, 32571036) and incubated at 37 °C with 5% CO, for the complete culture medium,
and the DMEM was contained with 100 mg/mL streptomycin, 100 U/mL penicillin (Invitrogen, 15140122)
and 10% (vol/vol) bovine calf serum (Invitrogen, 10437-028).

2.7. Plasmids Transfection

The plasmids STIMl-yellow fluorescent protein (STIM1-YFP) (Addgene, #19754) and
Orail-monomeric red fluorescent proteins (Orail-mCherry) were used in real-time total internal
reflection fluorescence microscope (TIRF) imaging systems. For expression of the plasmids in cells,
the plasmids were transfected with TurboFect (Thermo Fisher Scientific, R0532) for 24 h. The cells were
re-seeded on Lab-Tek chambered cover glass (Thermo Fisher Scientific, NUC155383) before observed
with a microscope.

2.8. Transwell Migration Assay

To examine the effect of SOC inhibitor, 2-aminoethoxydiphenylborate (2-APB) on cell motility,
the Huh 7 or HepG2 cells were pre-treated with 2-APB for 30 minutes. The 1 x 10° cells were seeded
in the transwell insert (BD, 353097) contained with serum-free medium and the complete medium
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was added into the 24-well plate as a chemo-attractant. After 24 or 48 hours, the inserts were washed
with phosphate-buffered saline (PBS) and the cells in the inserts were removed. The cells attached
to the reverse side of the insert were fixed with ice cold methional and stained with crystal violet.
The migrated cells were photographed by an inverted microscope (LEICA, DM IL LED) with 20x
objective lens and analyzed with Image J software.

2.9. Total Internal Reflection Fluorescence Microscopy (TIRF)

In order to observe the effects of 2-APB on thapsigargin (TG)-induced SOC activity, the STIM1-YFP
and Orail-mCherry co-expressed Huh 7 cells were subcultured on Lab-Tek chambered cover glass
before imaging was taken by a microscope. The total internal reflection fluorescence microscope (TIRFM)
system was built on an inverted microscope (Olympus IX81, Tokyo, Japan) with a high-sensitivity
Electron Multiplying Charge Coupled Device (EMCCD) camera (iXOn3897, Andor Technology,
Tubney Woods, Abingdon, UK). In order to observe the fluorescent signal on the cell membrane,
the UPONAPO 60x OTIRF objective lens (NA: 1.49; Olympus) was applied to achieve TIRF images.
The fluorescent proteins labeled with YFP and mCherry were excited with 488 and 532 nm solid lasers,
respectively, and the program was driven by Xcellence software (Olympus imaging software).

2.10. Statistical Analysis

Distributions of single-nucleotide polymorphisms (SNPs) of STIM1 and ORAI1 were tested
for Hardy—Weinberg equilibrium (HWE) in order to evaluate allelic distributions between the two
populations. All SNPs in our study met the HWE condition (all p > 0.05) with minor allele frequency
(MAF) of >5%. Linkage disequilibrium (LD) was evaluated with Haploview software version 4.2
(Broad Institute, Cambridge, MA, USA). LD was examined for SNP pairs, and haplotype blocks were
defined using the default setting of the Haploview software version 4.2. We used logistic regression
analyses to obtain odds ratio (OR) of HCC cases adjusted using age, gender, ALT, HBsAg level,
HBeAg serostatus, and viral genotype. Associations between SNPs and HCC under the genotype,
dominant, and allelic models were determined using the R “SNPassoc” package analyses in the R
environment (https://cran.r-project.org/ and https://www.r-project.org/), multiple testing correction
was performed using the false discovery rate (FDR), and g-values of <0.05 were determined to indicate
statistical significance. Haplotype associations with HCC were determined with Haploview software
version 4.2.

3. Results

3.1. Basic Characteristics of Chronic Hepatitis B-Infected Patients

We analyzed the data from 3631 chronic HBV-infected subjects, which included 345 chronic
hepatitis B (CHB) patients with HCC progression and 3286 CHB patients without HCC progression.
ALT, the HBsAg levels, and the HBeAg serostatus were monitored, and the mean and range of age,
gender, and viral genotype are shown in Table 1. Results indicated that the average age of CHB
patients was 45.7 years, and male gender was more dominant (2196 subjects) compared to female
gender (1435 subjects). Serological marker of ALT level indicated that patients with an ALT level
of <45 U/L were more dominant (3405 subjects) compared to patients with an ALT level of >45 U/L
(226 subjects). In case of the serological marker of HBsAg level, there are 1519 subjects with a HBsAg
level >1000 IU/mL, 946 subjects with a HBsAg level <1000 IU/mL and 918 subjects with a HBsAg level
<100 IU/mL. Multivariate analyses showed that participants of an older age had a significantly higher
risk of suffering from HCC, with an OR of 2.32 for those 4049 years, an OR of 3.47 for those 50-59 years,
and an OR of 3.8 for those >60 years after adjusting for gender and serum ALT. Male patients had a
2.53-fold tendency of a higher risk compared to female CHB patients after adjusting for age and serum
ALT. Patients with an ALT level of >45 U/L had a 3.7-fold tendency of a higher risk compared to CHB
patients with an ALT level of <45 U/L after adjusting for age and gender.
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Table 1. Baseline characteristics and multivariate adjusted odd ratios (ORs) of hepatocellular carcinoma
(HCC) according to various risk factors.

Without HCC With HCC

Characteristic Overall N = 3631 (%) (N = 3286) (N = 345) OR (95% CI) p Value
Age, mean years (SD) 45.77 45.32 (9.65) 50.08 (8.87) -
Age range (years) 30~65 30~65 30~65 -
30~39 1194 (32.88) 1140 (34.69) 54 (15.65) Ref
40~49 1031 (28.39) 931 (28.33) 100 (28.98) 2.32(1.64~3.29)  <0.001 *
50~59 1049 (28.90) 911 (27.72) 138 (40.00) 3.47(2.48~4.84)  <0.001*
>60 357 (9.83) 304 (9.25) 53 (15.36) 3.8 (2.53~5.72) <0.001 *
Gender
Female, n (%) 1435 (39.52) 1365 (41.54) 70 (20.29) Ref
Male, n (%) 2196 (60.48) 1921 (58.46) 275 (79.71) 2.53(1.86~3.45)  <0.001 *
ALT (U/L)
<45 3405 (93.78) 3118 (94.89) 287 (83.18) Ref
>45 226 (6.22) 168 (5.12) 58 (16.82) 3.7 (2.65~5.17) <0.001 *
HBsAg level (IU/mL)E
<100 918 (27.14) 880 (28.59) 38 (12.46) Ref
<1000 946 (27.96) 883 (28.69) 63 (20.66) 2.01 (1.32~3.07) 0.001 *
>1000 1519 (44.90) 1315 (42.72) 204 (66.89) 5.24 (3.6~7.63) <0.001 *
HBeAg serostatus t
Negative 2962 (84.70) 2765 (87.58) 197 (57.94) Ref
Positive 535 (15.30) 392 (12.42) 143 (42.06) (5.957;813 1) <0.001 *
Viral genotype 11
B+(BC) 1734 (65.28) 1607 (68.04) 127 (43.19) Ref
C 922 (34.71) 755 (31.96) 167 (56.80) 3.06 (2.36,3.97) <0.001 *

SD, standard deviation; ALT, alanine aminotransferase; HBsAg, hepatitis B surface antigen; HBeAg, hepatitis B

early antigen. * Significant p value (<0.05) are in bold. £ Data were only available for 3383 samples. t+ Data were

only available among the Risk Evaluation of Viral Load Elevation and Associated Liver Disease/Cancer-Hepatitis B

Virus (REVEAL-HBV) cohort for 3497 samples. tt Data were available for 2656 individuals with detectable HBV

DNA levels (>300 copies/mL).

Patients with a HBsAg level of >1000 IU/mL had a 5.24-fold higher risk of suffering from HCC
compared to those with a HBsAg level of <1000 IU/mL after adjusting for age, ALT, and gender.
Subjects who were HBeAg positive also had a 7.87-fold higher risk of HCC compared to those who
were negative for HBeAg after adjusting for age, ALT, and gender. Subjects with the viral genotype
type C had a 3.06-fold higher risk of suffering from HCC compared to those with genotype B or B+C
after adjusting for age, ALT, and gender (Table 1).

3.2. STIM1 and ORAI1 SNPs with Minor Allelic Frequencies in Different Populations

Table 2 shows the MAFs of STIM1 and ORAI1 polymorphisms in different populations
worldwide (e.g., Asian, African, American, European, and Taiwanese). MAFs of African, American,
European, and Asian populations were extracted from the HaploReg browser version 4.1 (https:
//pubs.broadinstitute.org/mammals/haploreg/haploreg.php), and MAFs of the Taiwan Biobank (TWB)
were obtained from the Taiwan View website (https://taiwanview.twbiobank.org.tw/index). In addition,
allele frequencies in the current study are similar to those in reference to Asians, including the TWB.
All SNPs met the HWE condition with an MAF of >5%.

Table 2. Minor allelic frequencies of single-nucleotide polymorphisms (SNPs) in this study.

Position Allele Minor Allelic Frequencies (MAFs)
SNP (hg38) (bp) Gene ; -
& P Major Minor AFR AMR ASN EUR TWB Ours HWE

154243966 ~ Chr11:3864993  STIM1 0.05 0.07 0.04 0.06 0.04 0.04 0.95
rs7943201  Chr11:3865531  STIM1 0.33 0.45 0.36 0.37 0.38 0.37 0.62
rs11030122  Chr11:3865946  STIM1 0.09 0.23 0.34 0.33 0.34 0.34 0.65
rs7951076 ~ Chr11:3866612  STIM1 0.11 0.31 0.28 0.29 0.25 0.26 0.74
rs7952083  Chr11:3869730  STIM1 0.19 0.41 0.38 0.49 0.38 0.39 0.60
rs7120828  Chr11:3879685  STIM1 0.48 0.26 0.34 0.22 0.35 0.34 0.66
rs10458894  Chr11:3892042  STIM1 0.23 0.39 0.31 0.35 0.30 0.31 0.68
rs7120683  Chrl1:3894732  STIM1 0.43 0.27 0.34 0.22 0.35 0.34 0.65
rs10835262  Chr11:3895276  STIM1 0.19 0.23 0.34 0.34 0.34 0.34 0.66

OHO00OP>000-
>O0SS0>0>0
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Table 2. Cont.

Position Allele Minor Allelic Frequencies (MAFs)
SNP (hg38) bp) ~ Geme T .

ajor Minor AFR' AMR ASN EUR TWB Ours HWE
rs4622250 Chr11:3897371  STIM1 C T 0.09 0.22 0.30 0.33 0.25 0.25 0.75
rs75197750  Chrl11:3901583  STIM1 C T 0.03 0.04 0.05 0.03 0.03 0.05 0.98
rs10500589  Chrl1:3902756  STIM1 T C 0.02 0.23 0.01 0.02 0.21 0.22 0.77
rs11030209  Chrl1:3903119  STIM1 A C 0.21 0.23 0.29 0.33 0.25 0.25 0.74
rs10835270  Chr11:3903372  STIM1 G T 0.31 0.28 0.31 0.38 0.27 0.27 0.72
rs11030210  Chr11:3903482  STIM1 G T 0.01 0.07 0.03 0.06 0.04 0.04 0.95
157929653 Chr11:3904546  STIM1 G A 0.31 0.46 0.40 0.43 0.43 0.44 0.56
16578418 Chr11:3905002  STIM1 C G 0.08 0.09 0.08 0.08 0.08 0.07 0.93
rs10835272  Chrl11:3905008  STIM1 G A 043 0.26 047 0.14 0.46 0.45 0.55
rs10742189  Chrl1:3907522  STIM1 A C 0.33 0.37 043 0.49 0.39 0.39 0.60
rs7129444 Chr11:3911802  STIM1 C T 0.36 0.29 0.35 0.42 0.31 0.32 0.67
rs7118422 Chr11:3912065  STIM1 C T 0.22 0.48 0.48 0.48 0.46 0.45 0.55
154910863 Chr11:3917892  STIM1 T C 0.08 0.46 0.46 047 0.44 043 0.56
rs11030264  Chrl1:3919001  STIM1 A G 0.04 0.49 0.43 0.46 0.41 0.41 0.58
157924984 Chr11:3953358  STIM1 G A 0.30 0.33 0.46 0.35 0.47 0.47 0.52
152412338 Chr11:3956291  STIM1 G T 0.31 0.33 0.46 0.35 0.47 0.48 0.51
rs10835402  Chrl11:3969684  STIM1 T C 0.02 0.24 0.30 0.32 0.28 0.28 0.72
rs11030472  Chrl11:3978105  STIM1 A G 0.00 0.00 0.16 0.00 0.18 0.19 0.80
rs11030478  Chrl11:3979345  STIM1 G A 0.11 0.08 0.15 0.02 0.20 0.20 0.79
rs11030486  Chr11:3980034  STIM1 C T 0.11 0.08 0.15 0.02 0.20 0.20 0.79
rs12284835  Chrl1:3997798  STIM1 G A 0.08 0.03 0.05 0.08 0.04 0.05 0.95
rs727152 Chr11:3998535  STIM1 A G 0.50 0.12 0.10 0.16 0.10 0.10 0.89
152959081 Chr11:4005810  STIM1 T C 0.12 0.48 0.44 0.49 0.41 0.40 0.60
rs11030639  Chrl1:4017826  STIM1 A G 0.30 0.26 0.32 0.33 0.31 0.31 0.68
157116520 Chr11:4032147  STIM1 A G 0.10 0.46 0.47 0.45 0.42 0.42 0.58
151442725 Chr11:4068357  STIM1 C T 0.48 0.10 0.05 0.08 0.05 0.05 0.94
rs11030841  Chrl11:4077783  STIM1 G A 0.16 0.22 0.21 0.12 0.26 0.26 0.73
14910882 Chr11:4081185  STIM1 G A 0.16 0.22 0.21 0.12 0.26 0.26 0.73
156486795 Chr12:121638011 ORAI1 T C 0.36 0.28 0.38 0.21 0.38 0.37 0.62
rs74936888  Chrl12:121638300 ORAI1 T C 0.07 0.00 0.13 0.01 0.08 0.08 0.92
rs3741595 Chr12:121641283 ORAI1 T C 0.07 0.24 0.21 0.15 0.26 0.26 0.73

AFR, African; AMR, American;

8 of 14

ASN, Asian; EUR, European; TWB, Taiwan Biobank; HWE, Hardy-Weinberg

equilibrium. Minor allele frequencies (MAFs) of AFR, AMR, ASN and EUR were extracted from the HaploReg
browser version 4.1 (https://pubs.broadinstitute.org/mammals/haploreg/haploreg.php) and MAFs of the TWB were
obtained from the Taiwan View website (https://taiwanview.twbiobank.org.tw/index).

3.3. Genetic Association of STIM1 and ORAI1 with HCC

Our study assessed 37 STIM1 polymorphisms and three ORAI1 polymorphisms (Table 3).
Three genetic models (allelic, genotype, and dominant) were applied to test the association between
HCC and these SNPs. rs6578418, rs11030472, and rs7116520 of STIM1 and rs6486795 of ORAI1 showed
a trend of being significantly associated with HCC disease (p < 0.05). However, after correction for
multiple testing, none of the SNPs reached a significant level (g > 0.05) (Table 3).

Table 3. Association of STIM1 and ORAII genes with hepatocellular carcinoma in hepatitis B virus

(HBV) patients under allelic, genotypic, and dominant models.

(Allelic) (Genotype) (Dominant)
SNP Gene Effect Allele p Value 2 p Value ® p Value ®
[g Value] [g Value] [g Value]
154243966 STIMI c [833331 [8:3831 [8:8231
157943201 STIM1 A [g:gii] [8:22;] [8:32;]
111030122 STIMI G [8;22] [82283] [81328]
1s7951076 STIM1 A [8:33(2)] [8:3(1)(1]] [8?5;]
157952083 STIMI c [8:3331 [8533,] [813331
157120828 STIM1 T [8:2231 [g;ég] [%gg]
110458894  STIMI T [832;] [gzggg] [82322]
rs7120683 STIM1 G [8;3;] [81388] [8:;1?;]
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Table 3. Cont.

(Allelic) (Genotype) (Dominant)
SNP Gene Effect Allele p Value ? p Value ® p Value ®
[g Value] [g Value] [g Value]

1510835262 STIM1 A [833551 [g:g% [8:3231
154622250 STIMI T [828?5] [81333] [31333]
175197750  STIMI T [83?3] [g:ggg] [8:;’§%]
1510500589  STIMI C [8:‘9%% [8;8;] [8232;]
1511030209 STIMI c [8_8;] [gzggg] [8:%3]
1510835270  STIMI T [8;;;] [gégg] [8:3%23]
11030210  STIMI T [8:%2] [823(5)3] [8:3331
157929653 STIMI A [8:8321 [818331 [81328]
rs6578418  STIMI G [8j3§§] [g;gg] [823?]
1510835272 STIMI A [g:g;] [8:53(1)] [813§§]
110742189 STIMI C [8:;’;] [8:53(1]] [8:3;;
157129444 STIM1 C [8:3231 [813(1)81 [8:%‘;]
rs7118422 STIMI T [852‘;22] [8:SZ§] [8;23]
154910863 STIMI c [8:8331 [gzggg] [8:32(7’]
11030264  STIMI G [833;] [8:2;31 [%Sg]
1s7924984 STIM1 A [8:‘9132] [81333] [%2‘;]
152412338 STIMI T [8:352‘%] [gzggg] [8:52;]
1510835402 STIMI c [8:5351 [8:‘91%] [8;(7)(7)]
111030472 STIMI G [8:8;; [8383] [g:gg]
11030478  STIMI A [8:2;21 [gjgﬁg] [81223]
rs11030486  STIMI T [%gg] [g:ggg] [8:2381
1512284835 STIMI A [8:;3] [géég] [8:é;2]

727152 STIMI G [8233;] [8:%(1)] [8232?]
12959081 STIMI c [8233% [81533] [8.23;]
11030639 STIMI G [8:;3% [8:;3(1]] [8:233’;;]
157116520  STIMI G [gfg;g] [gzgggl [8f§33]
151442725 STIM1 T [8;%] [8:53(7)] [8;23]
rs11030841  STIMI A [8;;2] [8:28(7]] [8:;12%
154910882 STIM1 A [%gg] [giggg] [8122%
156486795  ORAII c [gjg;i] [g;ég] [823?]
1574936888 ORAIL c [8:8531 [gggg] [gfggi]
WIAISS ORAI c 1092] (0.900] 05581

2 Fisher’s exact p value. b Adjusted by alanine transaminase, gender, and age. Significant p values are in bold.
The q value is the false discovery rate (FDR) estimation for multi-testing.

For STIM1, rs6578418 showed a weak association under the allelic model (p = 0.048) and dominant
model (p = 0.044). In addition, rs11030472 showed a weak association under the dominant model
(p = 0.0296), and rs7116520 showed a weak association with HCC under the genotypic (p = 0.0330),
dominant (p = 0.0093), and allelic models (p = 0.0165). In ORAI1, only rs6486795 among the three
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SNPs that we evaluated showed a trend of being associated with HCC after adjusting for serum
ALT, gender, and age. rs6486795 showed a weak association under the allelic model, with p = 0.0135.
However, after correction for multiple testing, none of the SNPs reached a significant level (Table 3).

3.4. Haplotype Analysis of STIM1 and ORAI1

We further performed haplotype analysis. Results showed weak correlations of STIM1 (Figure S1)
and ORAI1 (Figure S2) haplotypes with HCC disease. For STIM1, both GGTAGCAT haplotype of block
six and AGCGG haplotype of block seven had trends of being associated with HCC at p = 0.0163 and
p = 0.015, respectively (Table S1). In addition, results for ORAII indicated a trend of HBV carriers with
the TTC (p = 0.013) haplotype being more susceptible to associate with HCC progression than those
with the CTT, CCC, or CTC haplotype (Table S2). Unfortunately, none of these haplotypes of STIM1
and ORAI1 were still significant after applying the multiple correction.

3.5. Annotation of Expression Quantitative Trait Loci (e-QTLs) for STIM1 and ORAI1

To elaborate the relationship between the genetic polymorphisms and gene expression, the publicly
available database GTEx portal (http://www.gtexportal.org/home/) was utilized to study the tissue
expression quantitative trait loci. For rs6578418 and rs11030472, we could not find the gene expression
data on the GTEXx portal database due to limited available tissues (Table S3). While the trend of STIM1
rs7116520 showed that GG genotype had a higher STIM1 expression compared to those with AG
and AA genotypes (Figure S3). Furthermore, ORAIT rs6486795 with CC genotype was associated
with higher ORAI1 expression compared to those with TC and TT genotypes in a variety of tissues
(e.g., whole blood, esophagus, thyroid, heart, stomach, pancreas, muscle, colon).

3.6. 2-APB Inhibited Liver Cancer Cell Migration via Suppressed STIM1-ORAI1 Colocolization

STIM1 and ORALI1 are two basic components of SOC as a major pathway of calcium entry in
non-excitable cells, especially in the cancer cells [17]. To validate the roles of SOC influx pathway
(STIM1 and ORAI1) in HCC cell progression, 2-APB, a SOC inhibitor was applied. As shown in
Figure 2A, the colocalization of STIM1 and ORAI1 was inhibited by 2-APB pre-treatment for 30 minutes
in Huh 7 cells. We further analyzed the inhibitory effects of 2-APB in cell migration by using Huh 7 and
HepG2 cell lines. Results showed that liver cancer cells migration (Huh 7 and HepG2) significantly
decreased by 2-APB pre-treatment compared to the control group (Figure 2B,C).

B. C.
Huh 7 HepG2

Figure 2. Inhibition of STIM1-ORAI1 colocalization by 2-APB pre-treatment leads to reduced liver
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cancer cell migration ability. The Huh 7 cells were pre-treated with store-operated calcium (SOC)
inhibitor, 2-APB, for 30 min. (A). The cells were co-transfected with STIM1-YFP and Orail-mCherry
and reseeded on Lab-Tek chambered cover glass for 24 h. The inhibition effect of 2-APB on thapsigargin
(TG)-induced SOC activity was observed with time-lapse TIRFM images. The inhibition effect of
2-APB on (B) Huh 7 or (C) HepG2 cell migration ability was examined by transwell migration assay.
Statistically significant data are indicated by * for p < 0.05 and ** for p < 0.01.

4. Discussion

Hepatocellular carcinoma (HCC) is the second highest cause of cancer-related deaths worldwide [3].
Despite the fact that CHB is a major cause of HCC [2], only a fraction of CHB-infected patients develops
HCC during their lifetime. Therefore, it is important to determine the potential protective or risk factors
related to HCC susceptibility. Our investigation comprised a cohort study with 3631 CHB patients
consisting of 345 CHB patients with HCC progression and 3286 CHB patients without HCC progression.
This study was part of the REVEAL-HBV cohort study, which previously revealed that male patients,
older patients and those with a higher ALT level, with HBeAg positive or who had viral genotype
C had a significantly higher risk of CHB-related HCC progression [8,19,20]. Calcium signaling has
been shown as a critical factor for viral replication during HBV pathogenesis [14]. Mitochondrial Ca®*
uptake, SOC pathway and the C-terminal of ORAI1 protein involved in the regulatory mechanism
of HBX protein-modulated cytosolic calcium increase [15,21,22]. In this study, we systematically
evaluated the genetic susceptibility between the SOC influx pathway (STIM1 and ORAI1) and human
HCC in patients with CHB infection. In total, 3631 patients with chronic hepatitis were recruited.
Forty polymorphisms in the SOC pathway were comprehensively analyzed. Three SNPs of STIM1
(rs6578418, rs11030472, and rs7116520) and one SNP of ORAI1 (rs6486795) showed a trend of correlation
with HCC. However, none of these SNPs reached the significance after multiple correction. Interestingly,
the trend of risk alleles of four variants (rs6578418, rs11030472, rs7116520, and rs6486795) showed
higher frequencies in Asian populations compared to European and American populations. The trend
of the G allele as a risk allele of rs11030472 represented 16-19% frequencies, in current study (19%),
in the TWB (18%) and in the Asian region (16%), compared to European, African, and American at
0%. In addition, variant rs6486795 of the C allele showed an allelic frequency in an Asian population
of around 38%, and our study also showed a 37% frequency compared to American and European
populations at 28% and 21%, respectively. For two variants, the G allele of rs6578418 and rs7116520
exhibited homogeneity in Asian (rs6578418, 8% and rs7116520, 47%), European (rs6578418, 8% and
rs7116520, 45%) and American (rs6578418, 9% and rs7116520, 46%) populations, respectively. It is
likely that variations in allelic frequencies among different populations may play a role in the observed
different results in other populations. However, we cannot rule out the possibility that other low/high
frequency genetic polymorphisms of STIM1 and ORAI1 may contribute to HCC progression in CHB.

The roles of the STIM1 and ORAII genes were also determined in other diseases. For example,
rs6486795 of the ORAII gene was associated with various diseases, including atopic dermatitis in
Japanese and Taiwanese populations [23] and nephrolithiasis in a Taiwanese population [24]. In addition
to these results, other studies also reported that polymorphisms of ORAII are involved in other diseases
such as ankylosing spondylitis and Kawasaki disease [25,26]. Results of haplotype analyses indicated
that HBV carriers with the GGTAGCAT haplotype had a trend of being associated with a HCC risk;
additionally, those with the AGCGG haplotype also showed a trend of being more susceptible to HCC
progression. Results for ORAIT also indicated a trend of HBV carriers with the TTC haplotype being
more susceptible to being associated with a HCC risk than those with the CTT, CCC, or CTC haplotype.
However, we found no significant association after applying the multiple correction.

Calcium influx through the SOC channel plays a pivotal role in regulating many signaling
pathways related to cancer progression, infections, allergies, and hemostasis [17], such as colorectal
cancer [27,28], cervical cancer [29] melanomas [30], and lung cancer [31] and breast cancer [32].
Functional studies have indicated the inhibition of STIM1 and ORAI1 in the metastasis of cancer
cells [32]. Mutations of STIM1 and ORAI1 were also reported to affect patients with viral, bacterial,
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and fungal infections via abolishing the SOC influx and immune system [33,34]. Thus, the correlations
between genetic factors and HCC progression in HBV infection might due to the increase in Ca**
levels that initially commence from SOC influx, which is the predominant mechanism of Ca?* entry in
hepatocytes [21]. The HBx protein is the smallest HBV protein that has been reported in mediating
HBYV replication and development of HCC through elevation of cytosolic calcium signals [21,35].
Therefore, an association study of STIM1 and ORAI1 polymorphisms for HBV DNA level was also
examined in this study; however, the results did not show a significant association (data not shown).
Elevation of Ca?* through the SOC channel has an important role in hepatocytes. Indeed, the elevation
of cytosolic calcium involves the replication of the HBV and hepatitis C virus (HCV), which might
cause HCC [15,36]. Here, our study also indicated that knockdown of the SOC pathway by 2-APB
prevented cell migration in two liver cancer cell lines (Huh 7 and HepG2). We acknowledge that the
weak correlation between STIM1 and ORAI1 polymorphisms and the risk of HCC progression in CHB
patients may be due to the modest sample size (3631 CHB patients), which led to the reduced power of
the statistical analysis. Another possibility is that the majority of polymorphisms were located in the
non-coding region. The genetic effects of each polymorphism for the expression of the store-operated
calcium channel are mild.

5. Conclusions

Our study indicated that inhibition of the SOC pathway is able to block cell migration in two
liver cancer cell lines (Huh 7 and HepG2). Although genetic polymorphisms of the SOC pathway
(STIM1 and ORAIT) are not significantly associated with HCC progression after multiple correction,
three SNPs of STIM1 (rs6578418, rs11030472, and rs7116520) and one SNP of ORAI1 (rs6486795) showed
a borderline significant trend that should be particularly focused on in future studies.

Supplementary Materials: The following are available online at http://www.mdpi.com/2079-7737/9/11/388/s1.
Table S1: Association between STIM1 haplotypes and hepatocellular carcinoma (HCC) in hepatitis B virus (HBV)
patients. Table S2: Association between ORAII haplotypes and hepatocellular carcinoma (HCC) in hepatitis B
virus (HBV) patients. Table S3. Expression quantitative trail loci (eQTL) results of the SNP from Genotype-tissue
expression (GTEx). Supplementary Figure S1: Linkage disequilibrium plot of the STIM1 gene. Figure S2: Linkage
disequilibrium plot of the ORAI1 gene. Figure S3: Correlation between genotype and expression in tissue
determined by Cis-expression quantitative trait loci (cis-eQTLs).
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