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ABSTRACT

Hepatitis B virus (HBV) is one of the most widespread human pathogens causing
chronic hepatitis, liver cirrhosis, and hepatocellular carcinoma (HCC). This study
investigated the clinical impact of single and combinational mutations in HBx gene on
the pathogenesis of HCC during progressive stages of liver disease. The patients were
categorized into inactive HBV carriers, active carriers, cirrhosis and HCC groups based
on disease severity. Male sex, age > 50 years, and high serum alanine aminotransferase
level were associated with risk of progressive liver disease. I127T, V1311, and F132Y/
I/R mutations showed a significant increasing trend associated with the disease
progression to HCC. H94Y and K130M mutations were also significantly associated with
severe liver disease. One double mutation (K130M+V131I) and two triple mutations
(I127T+K130M+V131L and K130M+V131I+F132Y) were observed, with significant
rising prevalence through progressive clinical phases of liver disease to HCC. Several
single and combinational mutations in HBx correlating with severity and progressive
clinical phases of HBV infection were identified. The mutational combinations may have
a synergistic effect in accelerating the progression to HCC. These specific patterns of
HBx mutations can be useful in predicting the clinical outcome of HBV-infected patients
and may serve as early markers of high risk of developing HCC.

INTRODUCTION infection has been reported to result in liver cirrhosis,
hepatic failure, or hepatocellular carcinoma (HCC),

Hepatitis B virus (HBV) is the major causative leading to about 780,000 deaths each year globally
agent of hepatitis worldwide. According to World [1]. HCC is the fifth most common cancer and the
Health Organization (WHO), an estimated 240 million second cause of cancer-related deaths in the world [2],
people globally have chronic HBV infection (http:// and nearly 53% of HCC is estimated to be related to
www.who.int/mediacentre/factsheets/fs204/en/). HBV HBYV [3]. Additionally, it is predicted that the risk of
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HCC increases by 5- to 15-fold in individuals who are
chronically infected with HBV [4].

HBYV is a small virus with a genome consisting of
a circular partially double-stranded DNA of about 3.2 kb
in length. The genome is organized into four overlapping
open reading frames that encode the viral core protein
(capsid), surface proteins (envelope), reverse transcriptase,
and non-structural X protein (HBx) [5]. Compared to the
other three HBV proteins, a limited number of studies
have examined the role of HBx mutations in the oncogenic
potential of the virus. HBx protein (154 amino acids)
has functionally distinct domains with a strong negative
regulatory N-terminus and a transactivation region mapped
to its C-terminus [6]. HBx has the ability to activate and/
or deactivate both viral and cellular promoters through a
direct interaction with nuclear transcription factors or via
cytoplasmic signal transduction [7]. HBx is a pleiotropic
regulatory molecule exerting its effects on a wide range
of cell processes, including cell cycle, cell proliferation,
and apoptosis [8]. Several studies have reported the
hepatocarcinogenic effect of HBx, while others have
suggested that HBx has limited influence on oncogenesis
and/or oncogenic signals [7-9]. Interestingly, previous studies
have shown that the majority of HBx detected in HCC tissues
had mutations that may alter the function of HBx [10, 11].
HBx mutants harboring both point mutations and deletions,
especially C-terminal truncations, have been frequently
detected in HCC patients [10, 12, 13]. Taken together,
these studies suggest that HBx plays a crucial role in the
pathogenesis and progression of HBV-related complications.

Several studies have reported the association
between HBx mutations and liver cirrhosis and HCC in
HBV-infected patients of different ethnicities. Malik et
al. (2012) identified mutations at positions 127, 130, and
131 in HBx protein and suggested that they might increase
the risk of HCC development [14]. Another study in the
Indian population has reported a significantly higher
prevalence of mutations at amino acid 88 and a double
mutation at positions 130+131 of HBx protein in patients
with liver cirrhosis compared to inactive carriers [15].
Similarly, a study in the Chinese population has found
that the mutation at amino acid 88 of HBx was highly
frequent in HCC tumor samples compared to non-tumor
samples [16]. Shinkai et al. (2007) have analyzed the HBx
mutations in Japanese patients and concluded that the
mutations at amino acid 94, 127, 130, and 131 were more
prevalent in the HCC group than in the non-HCC group of
HBV-infected patients [17]. In addition, K130M+V1311
HBx double mutation has been reported to increase in
frequency with the liver disease progression in HBV-
infected Taiwanese patients [18]. The functional role of
HBx mutations in the development of liver complications
was investigated as well. It was suggested that
K130M+V1311 HBx double mutation might contribute
to HCC development by initiating the increased nuclear
factor kappa B (NF-kB) activity [19].

As no data are available on HBx mutations
contributing to the pathogenesis of liver disease in HBV-
infected patients in the Saudi population, the goal of this
study was to investigate the prevalence of HBx mutations
associated with different progressive clinical phases of
HBYV, especially those that could be linked to the risk of
development of cirrhosis and/or HCC in HBV-infected
Saudi patients.

RESULTS

Basic characteristics of study subjects

In the present study, 424 HBV-infected Saudi
patients were investigated. Table 1 shows the details
of basic characteristics of the study participants. Age
of the patients was an associated risk factor for HCC
development (p < 0.0001). HCC patients had the highest
average age followed by liver cirrhosis (LC) patients,
whereas the inactive (IC) and active carrier (AC) groups
showed similar values of average age. Different stages of
HBYV infection showed a predominance of male patients.
Additional analyses were performed for female patients
only and the results are shown in Supplementary Table 1.
The serum ALT levels were more elevated in the AC, LC,
and HCC patients than in the IC patients (p < 0.0001).
The LC patients had highest ALT levels, while HCC
and AC patients had similar ALT levels. Also, multiple
comparison analyses were done for age and ALT as shown
in Supplementary Table 2. The majority of the patients
(79%) included in this study were infected with HBV
genotype D (manuscript in preparation).

HBx mutations present in different stages of
HBY infection

The prevalence of all mutations in different clinical
phases of HBV infection is shown in Supplemetary
Figure 1 and summarized in Table 2. Most mutations
with significantly different distribution between the
groups are listed in Table 2. Three mutations showed an
increasing trend from inactive HBV carriers to cirrhosis
and HCC groups. These included mutations of isoleucine
(D) to threonine (T) at position 127 (p < 0.0001), valine
(V) to I at position 131 (p = 0.025), and phenylalanine
(F) at position 132 to either tyrosine (Y), isoleucine (I),
or arginine (R) (p < 0.0001). The prevalence of 1127T
mutation was 50% in HCC, 19.23% in LC, 13.6% in
AC, and 11.84% in IC groups. V1311 mutation was more
prevalent in HCC (53.57%) than in LC (34.62%), AC
(34.4%), and IC (26.94%). FI132Y/I/R was present in
39.3% of HCC patients, while it showed low prevalence
in LC (3.85%), AC (4%), and IC groups (4.49%). Another
significant mutation at position 88 (substitution of V to F)
was present in all the HCC samples, while only 65.38% of
LC and 73.6% of AC and 73.06% of IC had this mutation
(» = 0.011). Mutation of lysine (K) to methionine (M)
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Table 1: Baseline characteristics of all subjects included in the study

Variables Inactive (n = 245) Active (n = 125) Cirrhosis (n = 26) HCC (n=128) P value?
Age (years)’ 39.543 £ 12.373 36.162 + 11.203 51.938 + 12.189 60.00 £ 9.356 <0.0001
Gender®
Male 165 (67.35%) 94 (75.2%) 20 (77%) 26 (93%) 0.022
Female 80 (32.65%) 31 (24.8%) 6 (23%) 2 (7%)
BMI" 30.253 + 18.537 27.469 £ 6.26 26.135 + 4.802 24.512+4.35 0.296
ALT" 36.689 + 22.252 77.500 £ 77.286 104.688 = 153.758  80.722+76.439  <0.0001

*Variables are expressed as Mean & SD, © Variables are expressed as count (%). 2 One way Anova for continuous data, chi

square and fisher exact test for categorical data.

Table 2: Frequencies of HBx mutations in different progressive stages of HBV infection

Mutations Inactive (n = 245) Active (n = 125) Cirrhosis (n = 26) HCC (n=28) P value
S42P 191(77.96%) 95 (76%) 19 (73.07%) 27 (96.4%) 0.101
A47T 183 (74.7%) 95 (76%) 16 (61.54%) 26 (92.8%) 0.06
V88F 179 (73.06%) 92 (73.6%) 17 (65.38%) 28 (100%) 0.011
H94Y 22 (8.97%) 4 (3.2%) 3 (11.54%) 7 (25%) 0.003
1127T 29 (11.84%) 17 (13.6%) 5(19.23%) 14 (50%) <0.0001

K130M 48 (19.59%) 37 (29.6%) 7 (26.92%) 14 (50%) 0.002
V1311 66 (26.94%) 43 (34.4%) 9 (34.62%) 15 (53.57%) 0.025
F132Y/I/R 11 (4.49%) 5 (4%) 1 (3.85%) 11 (39.3%) <0.0001

at position 130 of HBx was observed in 50% of HCC
patients. Histidine (H) at position 94 was substituted to
tyrosine (Y) in 25% of HCC samples, while this mutation
was present at low frequency in the other clinical groups
(Table 2).

HBx combinational mutations associated with
clinical phases of HBV infection

We evaluated the combined effect of double and
triple mutations in HBx protein on the development of
different clinical stages of HBV infection (Table 3). One
double mutation and two triple mutations were observed
with increasing prevalence in IC, AC, LC, and HCC. A
combinational mutation with substitutions of K to M at
position 130 and V to I at position 131 was present in
16.33% of IC, 24% of AC, 26.93% of LC, and 46.42%
of HCC patients. The association of this double mutation
to HCC occurrence was investigated between non-HCC
(IC+AC+LC) and HCC groups. The combinational
mutation of K130M+V 1311 was significantly associated
with the risk of HCC development (p = 0.001). Similarly,
this double mutation showed a significant difference in
distribution when the IC group was compared with the
ACHLC+HCC group (p = 0.004) as well as when the AC
group was compared with the HCC group (p = 0.017).
A triple mutation with substitution of I to T at position

127, K to M at position 130, and V to Isoleucine (I) at
position 131 of HBx was observed in 9.38% of IC, 8.8%
of AC, 11.54% of LC, and 46.42% of HCC patients.
This combinational mutation (I127T+K130M+V1311)
was significantly associated with the risk of HCC
development (p < 0.0001). I127T+K130M+V131I
combinational mutation showed a significant difference
in occurrence when the AC group was compared with
the LC+HCC group (p < 0.0001) as well as when the
HCC group was compared with the IC+AC+LC group
(p < 0.0001). Another triple mutation with substitution
of Kto M, Vto I, and F to Y at positions 130, 131, and
132, respectively, was present in 32.14% of HCC patients,
while its frequency was very low in the IC group (0.41%).
Both AC and LC groups did not have this combinational
mutation (K130M+V1311+F132Y). K130M+V1311+F132Y
combinational mutation was significantly associated with the
risk of HCC development (p < 0.0001). This triple mutation
also exhibited a significant association when the IC group
was compared with the AC+LC+HCC group (p = 0.002).

Association between HBx mutations and
biochemical factors

Univariate and multivariate logistic regression
analyses were performed to assess the association
between HBx mutations and progression of the disease.
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Table 3: Prevalence of the combinational mutations in HBx present in different clinical stages of

HBY infection
DOUBLE MUTATION TRIPLE MUTATIONS
Groups K130M + V1311  p value® 212;3;[_'_ viziL P value” 5;;;’?1}132 y P value”
Inactive 40 (16.33%) 0.004" 23 (9.38%) 0.072" 1 (0.41%) 0.002"
Active 30 (24%) 0.634™ 11 (8.8%) <0.0001™ 0 (%)
Cirrhosis 7 (26.93%) 0.017" 3 (11.54%) <0.0001" 0 (0%)
HCC 13 (46.42%) 0.001™ 13 (46.42%) <0.0001™" 9 (32.14%) <0.0001™"

“Inactive compared to active, cirrhosis and HCC, "Active compared Cirrhosis+ HCC groups, ***Active compared to HCC

group. ""HCC compared to Inactive, active and cirrhosis.

*Since there are four categories in this analysis, the corrected significant p value is = 0.0125.

Table 4: Univariate and multivariate logistic regression analysis among inactive group vs

active+cirrhosistHCC groups

Univariate analysis

Multivariate analysis

Variables  Odds ratio 2RCL P value Odds ratio DhCL P value
Lower Upper Lower Upper

Age 1.008 0.993 1.022 0.293
Gender 0.431 0.283 0.654 <0.0001 0.683 0.355 1.316 0.255
Viral Load 1.473 1.338 1.622 <0.0001 2.263 1.846 2.773 <0.0001
ALT 1.035 1.024 1.046 <0.0001 1.019 1.007 1.03 0.002
1127T 0.603 0.359 1.015 0.057 0.726 0.304 1.737 0.472
K130M 0.503 0.322 0.785 0.002 0.643 0.238 1.736 0.383
V1311 0.652 0.432 0.985 0.042 0.936 0.374 2.342 0.888
F132Y 0.403 0.158 1.032 0.058 0.118 0.025 0.553 0.007

Univariate analysis showed that gender (p < 0.0001),
HBV viral load (p < 0.0001), ALT (p = < 0.0001),
mutation from K to M at amino acid (aa) 130 (p =
0.002) and V to I at aal31 (p = 0.042) had a significant
positive correlation when the IC group was compared
with AC+LC+HCC (Table 4). In addition, multivariate
analysis showed a significant association with HBV viral
load (p < 0.0001), ALT (p = 0.002) and the mutation
from F to Y at aal32 (p = 0.007) (Table 4). Similarly,
there were significant differences when the AC group
was compared with LC+HCC patients. Univariate
analysis showed that age (p < 0.0001), HBV viral load
(p <0.0001), mutation from A to S at aa47 (p = 0.047),
mutation from H to Y at aa94 (p = 0.002), mutation
from I to T at aal27 (p = 0.001), mutation from F to Y
ataal32 (p = 0.001) and mutation from A to V at aal46
(p = 0.025) showed a significant correlation with HBV-
related LC+HCC (Table 5). Furthermore, multivariate
regression analysis revealed that HBV viral load (p <
0.0001), mutation from H to Y at aa94 with (p = 0.011),
and mutation from F to Y at aal32 (p = 0.035) were

independently associated with LC+HCC (Table 5). In
addition, further analyses were performed for males and
females separately (Supplementary Tables 3 and 4).

Molecular/structural analysis of HBx

Two different methods were used to evaluate residue
conservation (see methods) and variability in the HBX
protein (described in methods). Both provided very similar
results. All six positions that have been mutated in this
work (88, 94, 127, 130, 131, 132) appear to lie in highly
variable regions in the multiple sequence alignments
(See Figure 1, color coded in dark blue in the ConSurf
results panel at the top). None of these mutations changes
any residue that is consistently conserved across all
sequences, suggesting that the effect on protein structure
itself is minimal. However, these may change (increase or
decrease) binding to multiple different proteins. The effect
of these mutations on interactions with any particular
protein is unknown, as the same regions of HBX have
been implicated in binding multiple targets (e.g. region E
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in the figure is known to interact with at least 6 targets, and
four residues were mutated in this region).

Only a small region at the C-terminal of the HBX
structure has been determined (PDB codes SFCG [20],
complexed with Bcl-2 and 5SB1Z, complexed with Bel-xL
(unpublished) that suggest a BH3-like motif (also found
in Bim, Bad proteins) in this region (Figure 1). Efforts to
model the complete 3D structure of the HBX protein were
not successful. However, the HHpred server suggested
weak hits to the SCOP database (b.34.8.0 and b.34.8.1,
both SH3-like barrel folds) in two regions (46—68 and
79-98). These hits however remain small, and unreliable.

Sliding window analysis of amino acid Diversity
in HBx

Sliding window analysis was used to assess the
amino acid diversity between the different groups of
patients in progressive stages of HBV infection. No

u..ﬂccmg ..g.,u Dm vsAEgbmlv. s'c-s. :ws‘vv-m: mngqmv CAFES'!DI uxmmz irv]A-Lv xvq@m s-srrmu vs(m:.;xnw Egmgslnl

significant variation was detected when the IC group was
compared to AC+LC+HCC groups (Figure 2). However,
when the AC group was compared with LC+HCC
groups, the analysis revealed that the difference in the
number of mutations was statistically significant in
the regions extending from aal to aa3 (p = 0.008), at
position aa63 (p = 0.02) and from aa76 to aa81 (p =
0.006) (Figure 3).

DISCUSSION

HBYV infection is one of the most important causes
of human liver disease and continues to remain a medical
concern in Saudi Arabia. There is a significant number
of cases as the incidence rate of HBV infection was 14.7
per 100,000 Saudi inhabitants in 2013, with 23,236 cases
recorded from 2009 to 2013 [21]. There is an emerging
interest to explore various aspects of HBV infection and
related liver complications within the Saudi population.
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1. X04815.1 (Japan,Human) MAARLCCED PARDVECERP SGPFGPLPSP AHLSLRCGEPV ERFTSARSME TTVNAHQVLP KVBHKRTLGL SAMSTTDLEA YFKDCLFKOW EELGEE |REK VAVEGGCRHK BVCSPAPCNF FPSA
2. ACI24303 (Canada,Human) MAARLCCOED PSROVICHRP VGAESRGRPL SGPLGTLSSP SPSAVPADHG AHLSLRGEPV CAFSSAGPCA ERFTSARYME TAWNTSHPLP RGBYKRTLEL FVMSTTGMEK YFKDCVFAEW IBELGNESREV | K EVCAPAPCNF FTSA
. ABW03081 (Gabon,Human) WAARLYCQED 5SRDMECHRP VGAESRGRPL SGPFGHFSSP SLSNIPNDHG AHLSFHCEPY CAFSSDGPCA BRFTSARCMA TTVNDHGMLR KLUBHKRAVEL PA|STADLEA YFKDCVFKDW MEILGEE |REK VFMERGCRHK BVCAPSSCNF FTSA
MF“M ‘aiwan, Hor ) MAARLCCUED PARDMECERP VGAESRBRPL PGPLGALPPA SPPIVPTDHG AHLSLRGEPY CAFSSAGPCA EBRFTSARRME TTVNAHG LP KVEHKRTLEL SAMSTTDLEA YFKDCVFNEW BELGEEVREK VFMEGGCRQN SIRPIVSRIT LTSA
3397 (Costa Rica, Homo Sapiens) MAARL CCONIG SGSLGVVPHP SHLSLRGEPV CSFSSAGPCA ERFTSARRME TTVNAPR LP TVlHKRTLGL SGRSMTWIED YIKDCVFKOW EELGEE IREK VAVMEGGCKHK BVCSPAPCNF FTSA
: AraoABs indla,Homo ) MAARLCCUED PAREM | TTPP PGAESGGRPL GGSLGTLSPP LPSAEPSEHG AHFFLRGHPY CAFSSAGPGE ERLTSARCMA TTVNAHQILP KVIBHKRTLGL PAMSTTOLEA YFKDCGFKOW EHLGEE REK AFVEGGCRHK EVCAPAPCNF FTSA
/ALL98074 (France, Human) NAARLCCORD PSRDMECERP VSAESSGRPL PGPFGALSPP SPSAVPADHG AHLSLRGEPV CSFSSAGPCA BRFTAARYME TAMNNSHPLP RQUMYKRTLGL FVMSTTGMEK YFKDCVFAEW EEILGNESREBV | YMEGGCRHK BVCAPAPCSF FTSA
.AHmlssz.thH MAARLCCUED PARDVECHRP VGAESRGRPL PGPLGALPPA SPPVLPTDPG GPLSLRGEPV CAFSSAGPCA HCFPSARRME TPVNAPRNFP KVBOKRIFVL SEMSTTDLEA YFKNCVFNEW IEELGED |REK VFVEGGCRHK BVCSPAPCNF FTSA
). ABR68802 (India,Human] MAAVL YCOED SSI_GII ARPLGAVSSP PV RFTSARCEK TTVNAHQVLP KVBHKKTLEL SAMSTTDLEA YFKDCVFKOW BLGEENSEN | FMEGGCROK BVCAPSSCNF FTSG
amnw(aummmn) WAVRGCCOED 7 ARDVAL SGPFGHLPSL AHLCLRGHPY FTFARRME KVBOKRTLGL SEKSTTDLEA SFKDCVFKES LHCVEE|SBM | FMBGGCRHK EVCSPAPCNF FTSA
1 Rica, Human) MAARVCCHED PAI_CFHP VGAESRBRTF PGPLALYTPT SPSAVQANVG FNLSLRGEPV CSFSSAGPCA BRFTSARRME TTVNAPWSLP TVlHKRTLGL SGASMPWIEE ¥IKDCVFKDW EEILGEE IREK VFMEGGCRHK BGCSPAPCNF FTSA
12. BAD91264 .hp-nHumn) BAARLCCOND PARDMECHRP VGAESCBRPL SWSLGALPPS SPPRVPADDG SHLSLRGEPA CAFSSAGPCA ERFTSARRME TPVNAPW LP TTEHKRTLGL CNRSTTWIEE YIKDCVFKDW BESGEELREM V' EVCSPAPCHF FTSA
13. ACC77418 (China,Human) BAAGVCCQED PARDMECHRP LGAESRGRPV SGPFGPLPSP SSSAVPADHG AHLSLRGHPY CAFSSAGPCA NRFTSARRME TTVNAHQVLP KVBHKRTLGL SAMSTTDLEA YFKDCVFNAH QVLPKVLY K RLGHSAMSTT DLEAYFKDCY FKDW
14. BAC55955 (Vietnam, Human) MAARLCCAED PARDVAICHRP VGAESRGRPL PGPLGALPPA PPSAVSTOHG AHLSLRGEPY CAFSCAGPCA ERFTSARRME TTVNAHR (LS KOERTMTLEL SGLSTSDLEA YFKDRVFTEW EELGEE IREV | FVEGGCTHT ELFSPSPCNF LNSA
15. AHI15489 (Chine, Human) MAARSCCORD PARDMEFERP VAVVSGRRPV SGPDGSFRSR LCFAVPAAHG AHLSLRGETV RSLFSPGPCA BRFTCARCME TTVNAHQVLP KVTHKRTIGL SARLTTLLES YFKACLLKOW EEFGEE |REK VRGEGGCRHK BVCSPAPCNF FTSA
16. AHI15525 (China, Human) IGGRVCCQTE PSGDMECHRP VGPESRBRPV LGPFGFLPFP SSSGGPAPPG APPSLRGHPYV CAFSFAGBPWA IRFNSASK E TTVNAPPVLP QVEPKRTLEL SAKSTTDPEA YFKDCLFKOW EMELGEE IREMV | FMEGGCRHK EVCSPAPCNF FTSA
7. AHI15573 (China,| ) PACDVIECERP SGPVGSFRSP AHLP IRGEPV CALASPGPCS ERFTCARCME TTVNAHQVLP KVBBHKRTSGL SAMLTTVLEA YFKACLFKER EELGECRREK VIMEGGCRHK BVCAPAPCNF FTSA
8. ACGT7456 (Ghing Humen) WAARVCCED P ARDVIECERP VGAESRGRPY SGPFGTLPSE SSSAVPADHG AHLSLRGEPY CAFSSAGPCA ERFTSARRME TTVNAHQVLP KVEBHKRTLGL SAMSTT ARS YIRG LL DSQRCART L TSKTVE  LKTG
19. Human) IDARLCCOEE PARDMECERP VSAESCBRNE! SGSNGLIPSSP SPSAVPADLE] EIHLSLRGEPV CAFSSAGPCA BRFTSARREE TSWNAHRILP KVEIHKRTLEL SACESTSDLEA YFKASLFKOW EELGEETRER MFMPESXWHQ YLEISP
). AHI14198 u\h-mm) IVARVCCQVE HWRBMIGSHRA VGPESRBRPV SPPWGRLRSP CSFAVPADHG AHGRTRGEPYV RPLASAGLPA BRLTSAPCHME TTVKTPRAPP QAPRKRTSEL LAGSKSCRQA YFQASKIKEW MELGEE IRER | (MEGGCRHK NVCSPAPCNF FTSA
1. X\ BV (Brown Woolly Monksy) JAARLCCYED P ERDVECERP LOAEPSBRPF SGLSRPAETA AAAAVPAFHG AHLSLRGEPS CAFSSAGPCA ERFTSAWRME TPMNSVTC BRKRTLGL RTAPPTVMEQ YIKDCLFEQW EQGEEPREK VFVEGGCRHK BVGTASPCIF FTSA
AHIN (China,Hur BAGPMGSRPE PPRGRPCIRR |GGETREBGPV SGPSGPFPSR CPCGAPGAPG APRSSRGEPL CACSSABPCT NRFTHARP E TAWPHQVFP QVVOKRTTEG SAASKTDLQA YRPTLKVKEW KEWEKEGRGR | NEGGCREK EVCVPAPCNF FTSA
ARM20218 (China,Human) IAAR L YCEED PA_LIHP VGTQP!ﬂPV SRHPEDPAGS AAAAVPPDHR QDLTVRREPA CAYSSAGPCV ERFTCAAANA TTI FVT WH DAQRRES TLQSLNSWOW YFGOSLMNOW EETGWGDRES TYMEGGCRHK -R
 AQT40¢ hina, e bat) IAAR | YCHED P ARDVAL K PRLPGHQNSS DL AVRREPA ERFTCAVAME TPVN FVT WQ AARQRES YLRTLDSWQW YFGQSVMNGW EEITGWGDRV! AYEEGGCRHK
/47285 (China,Pomona roundieaf bat) UAAR . YCHED PSI-LIHP FGAQPGBRPV SRFPGDSNGS TASTVPPVHR QDFALRREPA CAVSNAIPCV ERFTCAAAME FVT WH TARORBT VTQTLNSWOW YFGQLLMNGW EEITGWODRI | AYMEGGCRHK l
AGH10173 (Myanmr E: bent-wing bat) UAARLACCHD ASGNIVLERP LCIESCERPY ARTARHSRRA AASPVRTEYG PHVTLRREP| CAASPAGRCA NRFTCATSHE T VT Wi GIRARTE AXMNSGAWM YERELLMK S MENDOREY TVESEGCRAN H.cTL
27. CCH57382 (Indle, Human) WAARL CCED 7. CHRP GGAESRBRPF SGSLGTLTSP SPSAVPTOHG AHLSLRGHPV CAFSS: RTVC TSLHSHRERP PNE T® EDCLARNL OEFGRRVSR! VAMBGGC
> 009045897 (Gabon, Horsehoe bat) MAARL/CAID A/RDVELERP LCTQF CORSY ARAARDFAGA AMAAVPSVIR FIILPVRREPA CAFTPAGPCY IRFTCALGHE TTVN  £yr Y MARGRGA LNATLSYWDH YFKQSLNW BEQG GURIN T/VEGGGRHK HR
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Figure 1: Structure-function analysis of the HBX protein. Residue positions mutated in this work are indicated by arrows at the
top. Consurf analysis results, with color coding ranging from most variable to most conserved residues are shown (See scale at bottom
left). Below the ConSurf results, secondary structure predictions from PsiPred server are shown (helices and sheets). A multiple sequence
alignment of 35 highly diverse HBX proteins from multiple species is shown. A sequence logo is placed right above the alignment. Columns
in the alignment are colored according to > 75% conservation to the consensus sequence. Below the alignment, the six regions (A—E)
defined by a previous analysis [6] are shown. Also shown are eight regions delineated for interaction with different transcription factors
(RPBS, TFIIB, TBP, XPD, XPB, CREB, C/EBPA and p53). Shown at the bottom (green rectangles) are regions of HBX that have 3D
structural information. The PDB codes and chain identifiers, and the sequences are shown.
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Figure 2: Comparison of amino acid variations in HBx using sliding window analysis. Deduced amino acid sequences from
IC patients were compared with sequences from AC+LC+HCC patients. The panel in (A) shows the mean number of amino acid mutations
in IC patients (thick line) and AC+LC+ HCC patients (shaded area). Panel (B) shows the probability of observed differences in the amino
acid mutations between IC and AC+ LC+ HCC which was calculated for each window by t test and was plotted as an inverted logarithmic
scale. The dashed line indicates the p value of 0.05 for better visualization of the statistically significant values.
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Figure 3: Comparison of amino acid variations in HBx using sliding window analysis. Deduced amino acid sequences from
AC patients were compared with sequences from LC+HCC patients. The panel in (A) shows the mean number of amino acid mutations in
AC patients (thick line) and LC+ HCC patients (shaded area). Panel (B) shows the probability of observed differences in the amino acid
mutations between AC and LC+ HCC which was calculated for each window by t test and was plotted as an inverted logarithmic scale. The
dashed line indicates the p value of 0.05 for better visualization of the statistically significant values.
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Table 5: Univariate and multivariate logistic regression analysis among active group vs cirrhosis+
HCC groups

Univariate analysis Multivariate analysis

95% C.I. 95% C.I.
Variables Odds ratio P-value Odds ratio P value
Lower Upper Lower Upper
Age 1.163 1.112 1.216 <0.0001
Gender 0.949 0.497 1.812 0.873
ALT 0.999 0.996 1.003 0.69 1.001 0.996 1.006 0.654
Viral load 0.764 0.681 0.857 <0.0001 0.490 0.371 0.647 <0.0001
A47S 0.106 0.012 0.973 0.047 0 0 - 1
H94Y 0.155 0.046 0.517 0.002 0.084 0.013 0.561 0.011
1127T 0.267 0.125 0.568 0.001 0.333 0.108 1.020 0.054
F132Y 0.068 0.014 0.317 0.001 0.076 0.007 0.839 0.035
Al46V 0.083 0.010 0.732 0.025 0.672 0.019 23.644 0.827

Many studies have shown that genetic variations
in HBV genome influence clinical manifestations and
progression of the HBV infection [22, 23]. HBx is a
small regulatory protein with a plethora of activities
influencing both viral and cellular genes. HBx is known
to elicit an oncogenic potential by disrupting cell cycle
regulation [7, 24]. HBx detected in HCC patients is known
to frequently harbor mutations, which may play a role in
the progression of HBV infection [12]. The present study
identified specific HBx mutations and investigated the
clinical correlation of these mutations and the progression
of HBV infection. Eight positional single mutations within
the HBx protein playing a role in advancement of liver
disease were identified in this study. Two mutations (S42P
and A47T) present within the B-cell epitope region did not
show any significant association with the clinical stages
of HBV infection. This was inconsistent with a previous
Indian study reporting a significant association of mutation
at codon 47 of HBx with increased disease severity [15].
Similarly, mutation at position 88 of HBx protein was
associated with liver cirrhosis in Indian population [15],
while a Chinese study has found a mutation at amino acid
88 more frequent in HCC samples [16]. Our study found
mutation V88F to be highly prevalent (100%) in the HCC
group but its prevalence in LC was less than in both IC
and AC groups in the Saudi population. As suggested by
Malik et al. [14], the difference in association of mutations
with severe symptoms of HBV infection varies across
different ethnic populations. Several previous studies
on HBV genotypes have reported that H94Y, 1127T,
K130M, V1311, and F132Y/I/R mutations are frequently
considered as associated risk factors of HCC and may
promote progression of liver impairment [14, 17, 25,
26]. The results in our study also showed a significant
association of these mutations with severity of liver
disease. The prevalence of [127T, V1311, and F132Y/I/R
mutations showed an increasing trend with increase in

severity of disease from the IC to the HCC group. Malik
et al. [14] have found an increased prevalence of V1311
and K130M mutations proportional to progressive forms
of HBV infection in patients. Further, it was observed
that H94Y and F132Y/I/R mutations were present with
high frequency only in the HCC group, suggesting that
these mutations were associated with an increased risk of
HCC. Shinkai et al. [17] also have found H94Y mutation
to be associated with HCC in patients with HBV genotype
C2. However, some studies in the Indian population
have reported that H94Y mutation was present at high
frequencies in both LC and HCC groups, suggesting
that population may increase or decrease the effect
of this mutation on liver disease [25, 27]. In addition,
analysis of 1127T mutation showed that its frequency
was higher in the HCC (50%) than in the LC (19.23%)
group. These results were consistent with a previous
study that has found a higher percentage of this mutation
in the HCC (53%) than in the LC (19%) group [28]. A
study in Mongolian patients with HBV genotype D has
shown that I127T mutation is significantly linked to HCC
development [29]. The biological mechanisms elucidating
the association of V88F, H94Y, 1127T, K130M, V131I,
and F132Y/I/R mutations with the pathogenesis of HBV
infection are unclear. These mutations, located in regions
D (~85-119 aa) and E (~120-140 aa) functional domains
of HBx, are associated with nuclear transactivation
and signal transduction [6]. Therefore, these mutations
may be responsible for modulating the transactivation
property of HBx that is known to be associated with
hepatocarcinogenesis [30, 31].

The present study also investigated the association
of combinational mutations in the HBx protein with
the progression of HBV infection. The combinational
mutations analyzed could act synergistically to increase
severity of liver disease. K130M+V 1311 double mutation
showed a statistically significant increase in prevalence
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from IC to HCC stage. This double mutation was
present at high frequency in the HCC (46.42%) and in
the LC group (26.93%), indicating a probable role in
the advancement of liver disease. These results were in
agreement with previous studies reporting an association
between K130M+V 1311 mutation and disease progression
[19, 25, 26]. K130M+V131I double mutation is a common
mutation present across different populations. For instance,
it has shown an increase in frequency with the advancing
clinical phases in Taiwanese [18], Chinese [28], and Indian
populations [14]. However, the prevalence of this mutation
in HCC varied across the populations (85%, 64%, and
45% in Taiwanese, Chinese, and Indians, respectively).
The prevalence of this double mutation in the Saudi HCC
patients (46.42%) analyzed in this study was similar to
the percentage in Indian patients (45%) [14], which may
be due to both having a predominance of HBV genotype
D. The mechanism by which K130M+V1311 double
mutation leads to progression of HBV related liver disease
is not fully understood. This double mutation is present
within the C-terminal of HBx protein, and several studies
related mutations in C-terminal to cell proliferation and
transformation contributing to hepatocarcinogenesis [31].
Lee et al. have suggested that K130M+V 1311 double
mutation increases NF-kB activity, which is known to play
an important role in liver function and in regulation of
oncogenic genes, leading to carcinogenesis [19]. Another
study has proposed that K130M+V 1311 double mutation
causes rapid progression to cirrhosis in HBV patients and,
thus, has an indirect role in the development of HCC [32].

[127T+K130M+V1311 triple mutation was
significantly associated with AC, LC, and HCC stages.
[127T+K130M+V 1311 triple mutation was present in
increasing proportion with advancing clinical phases of
HBYV infection from AC to HCC. However, this mutation
was observed at high frequency only in HCC patients
(46.42%). A recent study on HBV genotype D has found
this triple mutation to be associated with HCC patients
(67%) [25]. Previous data have established the specific
presence of mutation at position 127 along with the
double mutation at positions 130 and 131 [33], a strong
association between K130M+V1311 mutation and the
presence of a polar mutation at position 127 (I to T) [33].
Takahashi et al. [34] have demonstrated that the mutation
at position 127 arises later than the K130M+V1311
double mutation in the course of HBV infection. As also
stated by lavarone et al. [33], this suggested that the
presence of K130M+V1311 double mutation favors the
occurrence of a polar mutation at position 127. Another
combinational mutation observed in our study was
K130M+V1311+F132Y. This triple mutation was present
at very low frequency in IC (0.41%) and increased to
32.14% in HCC patients, while was completely absent
in AC and LC stages. This mutation was significantly
associated with the development of HCC, though its
prevalence in HCC was less than that of KI30M+V1311

(46.42%) and 1127T+K130M+V 1311 (46.42%) mutations.
These results were consistent with an earlier study that has
found K130M+V 1311 double mutation with a mutation at
position 132 to be associated with development of HCC
[35]. Interestingly, in both cases where K130M+V 1311
double mutation was associated with adjacent mutation at
position 127 or 132, the frequency of the mutation showed
a striking increment from non-HCC phase to HCC phase,
whereas that of only K130M+V 1311 double mutation was
already high in non-HCC patients. This suggested that the
existence of triple mutations might burden the life cycle
of HBV and accelerate the development of HCC. Similar
observations were made by Lee et al. [19] who have stated
that triple mutations could disrupt protein tertiary structure
of HBx.

Multivariate logistic regression analysis was
informative as it confirmed our finding that H94Y,
[127T and F132Y mutations in HBx can be useful as
independent prognostic markers of HBV-associated liver
disease evolution and advancement, especially when other
contributing factors, such as viral load, exist. Such finding
could yield better management of HBV-infected patients
before progression to liver complications. However, these
findings should be interpreted with caution as the number of
subjects who showed LC and HCC is limited in this study.

In conclusion, the present study confirmed that
mutations in HBx are frequent and found in patients
exhibiting different manifestation of HBV-associated
liver complications. By comparing the full-length HBx
sequences, several point and combinational mutations
correlating with severity and progressive clinical
phases of HBV infection were identified. Although the
significant identified single mutations correlated well
with the development of HCC, the synergistic effect of
combinational mutations may have a role in accelerating
progression to HCC. These mutations can be useful
in predicting the clinical outcome of HBV-infected
patients and may serve as early markers of high risk
of developing HCC. Prospective studies exploring the
functional mechanism of the mutations identified in this
study can improve the understanding of the progression
of liver disease in HBV-infected patients in the Saudi
population.

MATERIALS AND METHODS

Subjects

A total of 424 Saudi patients infected with HBV
were analyzed in this study. The patients were recruited
from three hospitals in Riyadh, Saudi Arabia, including
King Faisal Specialist Hospital and Research Center
(KFSHRC), King Khalid University Hospital (KKUH),
and Prince Sultan Military Medical City (PSMMC).
The study protocol was approved by the institutional
review boards of all centers and conformed to the 1975
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Declaration of Helsinki. All subjects that participated
in this study signed an informed consent prior to the
enrollment in the study.

Chronic HBV infection was diagnosed by the
repeated detection of HBsAg over a period of 6 months.
Patients were grouped into four different categories based
on disease severity as follows: Case I - Inactive HBV
carriers (IC), including patients that were positive for
HBsAg and negative for HBeAg, with persistently normal
serum alanine aminotransferase (ALT) levels; Case II -
Active HBV carriers (AC), including patients that were
positive for HBsAg, with elevated serum ALT levels with
no evidence of any liver complication; Case III - patients
with HBV infection and liver cirrhosis (LC) confirmed by
liver biopsy, clinical, biochemical, or radiological evidence
of cirrhosis; Case IV - patients with HCC diagnosed by
computed tomography and/or magnetic resonance imaging
of the liver, according to the published guidelines for the
diagnosis and management of HCC [36].

Extraction of nucleic acids from serum

Viral DNA was extracted from 200 puL of each
sample using the QIAamp® MinElute™ Virus Spin
Kit (Qiagen, Velencia, CA, USA) according to the
manufacturer’s protocol.

HBx gene amplification

The sequence for HBx gene (accession
number X04615 [37]) was used as the reference
sequence for the analysis described in this work. A
nested PCR protocol was used to amplify and detect
mutations using primers covering the entire region of the
X gene (Supplementary Table 5). Nested primers were
tagged with M13 sequence for direct sequencing after
amplifications. GoTaq® Green Master Mix was used
(Promega, Madison, WI, USA). First-round PCR was
performed with 5 puL of extracted DNA, 12.5 picomoles
of each primer (HBxF1 and HBxR1), and Green Master
Mix up to a total volume of 25 pL. The PCR condition
consisted of an initial denaturation step of 3 min at 94°C,
followed by 35 cycles of amplification (94°C for 30 sec,
55°C for 30 sec, and 72°C for 1 min), and final extension
at 72°C for 7 min. In the second round of PCR, 2 uL
of the first-round product was re-amplified using the
same reaction mixture composition containing HBxF2
and HBxR2 primers. The PCR conditions used were the
same as in the first round with only the number of cycles
reduced to 30. A negative control was included in the
amplification process. After amplification, 10 pL of the
PCR product were analyzed on a 2% agarose gel stained
with ethidium bromide, and visualized under UV light.
The PCR product of the expected size was excised from
the gel and purified using QIAquick Gel Extraction kit
(Qiagen, Velencia, CA, USA).

DNA sequencing

Purified PCR products were directly sequenced with
the tagged M 13 sequence forward and reverse primers in
both directions. The sequencing was performed on the ABI
3730 Genetic Analyzer using BigDye® Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA, USA). Sequences of the whole HBx gene (465 nt; 154
aa) were assembled and edited using Lasergene software
package (DNASTAR, Madison, WI, USA), and aligned
with the ClustalX algorithm included in the Megalign
module (DNASTAR).

Molecular analysis and protein structure prediction

The HBx protein sequence was submitted to the
ConSurf server [38] (http://consurf.tau.ac.il/2016/). As no
3D structure is available for this protein, the analysis was
run in ConSeq mode. HMMER [39] was used to retrieve
homologs from the UNIREF90 database (evalue le?,
minimum and maximum % identity between homologs
35% and 95% respectively). A total of 147 sequences were
retrieved and a multiple sequence alignment was built
using MAFFT [40].

The multiple sequence alignment was constructed
by retrieving homologous protein sequences using
BLASTP against the NCBI NR database (evalue le?,
matrix BLOSUMA45). Approximately 5900 sequences were
identified as significant hits. These were aligned using
MAFEFT [40]. Sequences with N- or C-terminal overhangs
were removed and a final set of 5853 sequences were
realigned. The alignment was filtered for the most diverse
sequences (using the program hhfilter available from the
hhsearch package [41]. Secondary structure prediction was
performed using the PsiPred server [42].

To predict the three dimensional (3D) structure of
the HBx protein, the amino acid sequence was submitted
to the Phyre2 server (www.sbg.bio.ic.ac.uk/~phyre2/) and
the HHpred server (https://toolkit.tuebingen.mpg.de/)
in an attempt to identify distant homologs and create a
model. While the Phyre2 server returned a putative model,
the model quality was low (only 16% residues modelled at
high confidence) and thus unreliable.

Statistical analyses

The Statistical Package for the Social Sciences
(SPSS) version 20.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analyses. Age, ALT, and body mass
index (BMI) were expressed as mean + standard deviation.
The Chi square test and Fisher’s exact test were used to
compare categorical data. For all tests, p values < 0.05 were
considered significant. Only variables that reach statistically
significant values (i.e. p < 0.05) in univariate analysis were
analyzed in multiple logistic regression analysis. DnaSP
(version 5.10.1) [43] and prism software GraphPad Prism
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(version 7.0), GraphPad Software, La Jolla California USA)
were used to generate a sliding windows analysis.
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