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Abstract

Hepatocellular carcinoma usually afflicts individuals in their later years following
longstanding liver disease. In Peru, hepatocellular carcinoma exists in a unique
clinical presentation, which affects patients around age 25 with a normal, healthy
liver. In order to deepen our understanding of the molecular processes ongoing in
Peruvian liver tumors, mutation spectrum analysis was carried out on
hepatocellular carcinomas from 80 Peruvian patients. Sequencing analysis focused
on nine genes typically altered during liver carcinogenesis, i.e. ARID2, AXIN1,
BRAF, CTNNB1, NFE2L2, H/K/N-RAS, and TP53. We also assessed the
transcription level of factors involved in the control of the alpha-fetoprotein
expression and the Hippo signaling pathway that controls contact inhibition in
metazoans. The mutation spectrum of Peruvian patients was unique with a major
class of alterations represented by Insertions/Deletions. There were no changes at
hepatocellular carcinoma-associated mutation hotspots in more than half of the
specimens analyzed. Furthermore, our findings support the theory of a consistent
collapse in the Hippo axis, as well as an expression of the stemness factor NANOG
in high alpha-fetoprotein-expressing hepatocellular carcinomas. These results
confirm the specificity of Peruvian hepatocellular carcinoma at the molecular
genetic level. The present study emphasizes the necessity to widen cancer
research to include historically neglected patients from South America, and more
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broadly the Global South, where cancer genetics and tumor presentation are
divergent from canonical neoplasms.

Introduction

Hepatocellular carcinoma (HCC), the major form of primary liver cancer, is a
leading cause of death from malignancy, ranking at the third position worldwide
[1]. HCC remains a deadly disease, generally diagnosed at an advanced stage,
when surgical intervention is no longer possible because of tumor extension. HCC
incidence is known to vary widely throughout the world depending on region
with areas of high incidence, such as Eastern Asia and sub-Saharan Africa, and
areas of low incidence, like Northern Europe and North America [2]. High
incidence areas of HCC correspond grossly to zones with distribution of two
major risk factors, i.e. chronic infection with hepatitis B virus (HBV) and
aflatoxin B1 (AFB1) intoxication [3]. Elsewhere, chronic infection with hepatitis C
virus (HCV), excessive alcohol use, or dysmetabolic conditions dominate HCC
epidemiology, neighboring sometime with additional endemic risk factors, such as
hemochromatosis in Western Europe or alpha-1 antitrypsin deficiency in
Scandinavia. Meanwhile, large geographic areas, such as Eastern Europe, Northern
and Central Asia, Latin America, and the Caribbean, have not been fairly
scrutinized regarding prevalent risk factors and common liver cancer clinical
presentation. Likewise, molecular epidemiology of HCC in these areas remains
largely unknown. The issues raised here represent a serious matter for global
public health.

As with most types of cancer, the incidence of HCC has heightened
dramatically in recent past, and the HCC epidemic will continue to grow
exponentially for coming decades according to recent estimates by the World
Health Organization [1, 2]. The burden of HCC increases first and foremost in the
Global South, with nearly 85% of HCC cases and 64% of HCC-related deaths
monitored worldwide occurring in developing countries. Therefore, action is
required by both the scientific community and public health decision-makers to
address this plight. Like most of the Global South, Latin America is facing this
burgeoning cancer issue [4].

Peru is the South American country with the highest rate of primary liver
cancer [1]. Surgeons of the National Cancer Institute of Peru (INEN), the major
Peruvian cancer center, have recently described a locally frequent, but elsewhere
unusual, form of HCC affecting children, adolescents, and young adults [5]. We
then reported that age-specific distribution of HCC in Peruvian patient
population was delineating a bimodal distribution, with a first peak of incidence
at age 25 and a second one at age 64 [6]. These HCC cases appearing in younger
patient population were characterized by a tremendous elevation of alpha-
fetoprotein (AFP) tumor marker serum concentration, the absence of cirrhosis in
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95% of the cases, and the presence of an associated risk factor [mostly HBV
surface antigen (HBsAg) carriage] in merely 50% of cases [6].

It is generally admitted that the biology of cancers in adolescents and young
adults differs dramatically in terms of pathways alteration from those striking later
in lifespan [7]. Moreover, due to their rarity, our knowledge about early-life
HCCs is lacking. In order to gain insights into the molecular changes occurring in
the unusual clinical presentation of HCC in young Peruvian individuals, we
conducted a comparative analysis of mutations with age of 80 HCCs obtained
from patients admitted at INEN, i.e. 41 persons below age 40 (<40) and 39
persons above or equal age 40 (=40). Thirty-one exons covering 17 kb in nine
genes considered as mutation hotspots in HCC were analyzed. The purpose of the
present study was to determine whether genetic variations exist between younger
and older Peruvian HCC patients and to compare this spectrum with data
published from elsewhere. In addition, expression of transcriptional regulators of
the AFP gene and of some crucial members of the Hippo signaling pathway was
monitored. We present therein the first molecular analysis of HCC from an
indigenous population of the Western Hemisphere. Interestingly, our data suggest
that these tumors are significantly divergent from the patterns already described in
Eastern Asia, sub-Saharan Africa, or Western Europe.

Materials And Methods
1. Ethics statement

Prior to their inclusion, all patients received information regarding the purpose
and conduct of the study. Each patient provided specific written consent for the
storage of his or her information and samples in the Tumor Bank of INEN, and
their use for research. The study conforms to the ethical principles contained in
the Declaration of Helsinki, and was approved by the Human Subjects Committee
of INEN (Protocol Number #INEN10-05).

2. Patient recruitment and clinical specimen collection

A series of 80 patients with HCC attending INEN between August 2006 and
March 2011 was enrolled in the study. HCC patients were treated in the
Department of Abdominal Surgery of INEN by anatomic liver resection, i.e.
systematic removal of the tumoral liver segments confined by portal branches with
surgical margin [5]. 50 mg of both HCC and non-tumor liver (NTL) matched
pair tissues (HCC/NTL) were promptly harvested from the resected surgical piece,
flash frozen with liquid nitrogen, then kept at minus 80°C for long-term storage.
Surgical report recorded tumor presentation and additional pathophysiological
comments. Follow-up medical consultations and phone interviews were used to
assess patient condition following intervention.
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3. Liver cancer classification

Cancer type and staging, as well as Edmonson-Steiner tumor grade (E.S.), were
assessed on hematoxylin—eosin-stained liver biopsy sections according to the
recommendations of the American Joint Committee on Cancer [8]. Anatomic
pathology diagnosis of HCC was confirmed twice independently by trained liver
pathologists both in Lima and Paris.

4. Mutation detection

Tissues were pounded under liquid nitrogen and then digested at 37 °C for 8 hours
in tissue lysis buffer containing proteinase K and sodium dodecyl sulfate (SDS).
Genomic DNA was extracted twice with phenol and once with chloroform,
precipitated in ethanol, and resuspended in TE buffer (10 mM Tris; 0.1 mM
EDTA; pH 8.0). Mutations and polymorphisms of tumor DNA were detected by
direct PCR amplification and subsequent sequencing performed using the BigDye
Terminator procedure (Applied Biosystems), as described [9]. Mutations were
confirmed by sequencing the second DNA strand. For every case of a tumor DNA
alteration, the germline DNA from parent NTL was subsequently analyzed using
the same procedure, in order to assess the somatic nature of the mutant. Only
those alterations that were present in HCC DNA and absent from NTL DNA were
scored as bona fide HCC-associated mutations. Point mutations were searched in
31 exons covering 17 kb in nine genes, i.e. tumor protein p53 (TP53), catenin
(cadherin-associated protein) beta 1 (CTNNBI), axin 1 (AXIN1), v-raf murine
sarcoma viral oncogene homolog B (BRAF), AT rich interactive domain 2 (ARID2),
nuclear factor erythroid 2-like 2 (NFE2L2), and Harvey (H-), Kristen (K-), and
neuroblastoma (N-) rat sarcoma viral oncogene homolog (RAS) genes. The DNA
primer pairs used in PCR assays are detailed in S1 Table.

5. Quantitative PCR assays

Real-time reverse-transcriptase PCR (qQRT-PCR) assays were performed essentially
as described [10] (see S1 Text for details). Relative quantitation calculations were
done according to the AACt method using the geometric mean of three
housekeeping genes as references: tripartite motif containing 44 (TRIM44),
hydroxymethylbilane synthase (HMBS), and lipase maturation factor 2 (LMF2)
complementary DNA transcripts. The three reference genes were selected among
12 constant genes arising from a previous array analysis of 70 HCC and nine NTL
samples to which were applied algorithms. The DNA primer pairs used in qRT-
PCR assays are described in S2 Table.

6. Western blot analysis

Western blot analysis was performed on eight HCC/NTLs, using primary antibody
to Yes-associated protein 1 (YAP), phosphorylated (p-) YAP (both CST), and
glyceraldehyde 3-phosphate dehydrogenase (GAPDH) (Abcam) (see S1 Text for
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details). Relative protein expression levels were established by normalization on
GAPDH protein expression.

7. Hepatitis viruses detection

Infections with HBV and HCV were assessed from serum of HCC patients with
electro-generated chemiluminescence Elecsys HBsAg II and Anti-HCV II assays
(Roche Diagnostics), using antibodies against HBsAg and HCV antibody (anti-
HCV), respectively. HBV DNA was detected in tissues by TagMan assay
(Pa03453405_s1) (Life Technologies). HCV and hepatitis delta virus (HDV)
RNAs were detected in tissues by nested reverse transcriptase PCR assays (see S2
Table for details).

8. Serum AFP level detection

AFP was monitored for its preoperative serum concentration in all patients during
the week before surgery, using electro-chemiluminescence immunoassay (ECLIA)
Elecsys AFP kit (Roche Diagnostics), according to the manufacturer’s instruc-
tions. Diagnostic AFP threshold level for HCC detection at first hand was set at
400 ng/mL.

9. Statistical analyses

The age distribution of the patients was analyzed using a Gaussian mixture model
for detecting bimodality and calculating bimodality index (BI) [11, 12]. Pearson’s
second skewness coefficients were calculated as described [13]. Comparisons
between prevalence of alterations were performed using the Chi-square and
Fisher’s exact tests. Continuous variables were analyzed with Student’s #-test and
Mann-Whitney U test. Statistical analyses were performed with an alpha
significance level 0.05, using InStat package (GraphPad Software Inc.). Class
discovery was performed by unsupervised hierarchical clustering, using the DNA-
Chip Analyzer (dChip) software version 2010 (HSPH). Mean values are presented
with standard deviation (4 SD).

Results
1. Patient clinical demography and HCC-associated risk factors

The overall sex-ratio (Male:Female) was 1.4, with 58.7% of men and 41.3% of
women (Table 1). The mean and median ages of the overall cohort of patients
were respectively 42 +20 and 39 years old, ranking from age 1 to age 83 (Fig. 1A
and Table 1). The age distribution of the patients displayed bimodality with two
frequency modes (BI=1.8) (Fig. 1A). The skewness coefficients of age distribution
were rather low with 0.4 and minus 0.6 for the <40 and =40 patient groups,
respectively, indicating that both age distributions were centered around their
respective mean (Table 1). Patients originated from 20 of 25 Peruvian regions,
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Table 1. Demographical and clinico-pathological features of the HCC patient population analyzed.

Cohort
Age

Gender

E.S.

Cirrhosis

HBsAg(+)

HBV DNA

Anti-HCV

Tumor size (cm)

Multinodularity

Metastasis

Recurrence

Liver enzymes (IU/L)

AFP (ng/mL)

Overall <40 subset =40 subset
Headcount 80 (100%) 41 (51%) 39 (49%)
Mean +SD 42+20 23+8 60+5
Median 39 22 61
Range [1-83] [1-39] [40-83]
Female 33 (41%) 18 (44%) 15 (38.5%)
Male 47 (59%) 23 (56%) 24 (61.5%)
Sex-ratio (M:F) 1.4 1.3 1.6
1,2 62 (77%) 33 (80.5%) 29 (74%)
3 18 (23%) 8 (19.5%) 10 (26%)
Yes 6 (7.5%) 2 (5%) 4 (10%)
No 74 (92.5%) 39 (95%) 35 (90%)
Yes 35 (43%) 27 (66%) 8 (20.5%)
No 45 (57%) 14 (34%) 31 (79.5%)
Yes 59 (74%) 36 (88%) 23 (59%)
No 21 (26%) 5 (12%) 16 (41%)
Yes 2 (2.5%) 1 (2.5%) 1 (2.5%)
No 78 (97.5%) 40 (97.5%) 38 (97.5%)
Mean +SD 14+6 15+6 14+6
Median 13 14 13
Yes 25 (31%) 14 (33%) 11 (28%)
No 55 (69%) 27 (67%) 28 (72%)
Yes 13 (16%) 6 (14.5%) 7 (18%)
No 67 (84%) 35 (85.5%) 32 (82%)
Yes 19 (24%) 10 (25.5%) 9 (23%)
No 61 (76%) 31 (74.5%) 30 (77%)
ALP (mean+SD) 279+240 280+ 262 279+222
AST (mean+SD) 109+125.5 129+ 151 86+85.5
GGT (mean +SD) 62.5+71.5 76.5+87 47 +455
Median 13,700 33,450 239
IQR 113,181 337,777 17,567

Abbreviations: AFP=alpha-fetoprotein; ALP=alkaline phosphatase; AST=Aspartate transaminase; E.S.=Edmonson-Steiner tumor grade; GGT=Gamma-
glutamyl transpeptidase; HBV =hepatitis B virus; HBsAg=HBV surface antigen; HCC=hepatocellular carcinoma; HCV=hepatitis C virus; IQR=interquartile
range; M:F=ratio of men to women; + SD=standard deviation of the mean. <40 and =40 subsets are defined as patients below age 40 and those equal or
above age 40, respectively. Multinodularity indicates HCC with more than one intrahepatic nodule. Recurrence indicates patients who developed a new

HCC within the following 12 months after anatomic liver resection. Percentages are expressed as proportion of the total patient population for the considered

parameter.

doi:10.1371/journal.pone.0114912.1001

with major subsets of individuals originating from the northern and central
coastal areas (i.e., Lima and Piura regions) (n=17; 21%) and in the southern-
central Andes (i.e., Apurimac, Ayacucho, Cusco, and Junin regions) (n=29; 36%)
(Fig. 1B). This latter subset was significantly overrepresented in regard to the total
population of Peru, in which the aggregated population of these four regions
represents only 11.6% (P=0.0003). Geographic disparities in mean age for
diagnosis and development of HCC were observed with younger mean ages
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Fig. 1. Occurrence of HCC in Peru presents an age-based clinico-epidemiological polarity. (A) Histogram presenting the distribution of the present
patient population according to patients’ age at the time of diagnosis. X-axis displays age (10-year bin); y-axis displays the headcount of patients for a given
age group (n=80). Straight line represents the histogram curve fitting with a Gaussian mixture function (Bl=1.8). This bimodal distribution concurs with the
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observation previously made in Peru [6]. (B,C) Distribution maps of the population size (B) and mean age (C) of the patients according to their regional
origin. (B) Regions for which patient headcount was =5 and>5 are choropleth mapped in pink and red, respectively. The southern-central Andean area
encompassing the regions of Apurimac (#1), Ayacucho (#2), Cuzco (#3), and Junin (#4) is the area from where was originating the larger subset of <40
patients. (C) Regions for which mean age was <40 and =40 years old are choropleth mapped in magenta and blue, respectively. ® indicates highly
endemic regions of HBV infection (>8%); ¥ indicates regions of intermediate endemicity (2-7%); Q indicates regions of moderate endemicity (<1%), as
described [14]. (B,C) Regions for which headcount was null are choropleth mapped in off-white. (D—F) Hematoxylin—eosin-stained liver sections from a 37-
year-old Peruvian female individual with an 18-cm-diameter multinodular, moderately differentiated HCC. (D) Both NTL (left) and HCC (right) tissues
presented under low magnification (40x). The arrow indicates the fibrotic tissues of the capsule enclosing HCC nodules. b: bile duct; v: vein. Scale bar;
100 pm. (E) Presentation of the normal NTL tissue under high magnification (100x). (F) Presentation of the E.S.2 HCC tissue with a trabecular pattern under
high magnification (100x). (E,F) Scale bars; 10 pm.

doi:10.1371/journal.pone.0114912.9001

recorded evenly in the central regions of Peru (Fig. 1C). NTL tissues were scored
as normal in 56% of the cases (n=45) (Fig. ID-F). A necro-inflammation
indicating hepatitis was present in 28% of the patients (n=23), and full-fledged
cirrhosis was found in only 7.5% of cases (n=6). Other conditions, such as
hepatic fibrosis or steatosis, sometimes present concomitantly or with chronic
hepatitis, were found in 11.2% (n=9) and 12.5% (n=10) of cases, respectively.
Persistent infection with HBV characterized by seropositivity for HBsAg
[HBsAg(+)] was the principal risk factor, present in 42% of the patients (n=34)
(Fig. 2A). HBsAg(+) HCC patients were significantly younger than HBV non-
carrier ones (304 16 vs. 50 20 in mean age; P=0.0008) (Fig. 2A). This situation
is usually observed from the onset of HBsAg(+) medical history in high-incidence
areas of HCC [15, 16]. Molecular detection of HBV DNA by PCR revealed a high
rate of occult infection in Peruvian patient population, as viral DNA was found in
74% of the patients (n=59). Consistently, the proportion of <40 patients (n=37)
with detectable HBV DNA in liver tissue was significantly higher than the
corresponding subset of =40 patients (n=22), i.e. 90% vs. 56%, respectively
(P=0.01). Serology for HCV was positive in only 2.5% of the cases of the overall
cohort (n=2), i.e. one in <40 patients and one in =40 patients. Presence of HCV
RNA was confirmed by PCR in liver tissue for both cases. A single patient (1.2%)
was positive by PCR for HDV. No history of alcohol abuse was determined.
Serum AFP concentrations were above diagnostic threshold in 65% of the cases
(n=52), and in a twilight zone above normal values in another subgroup of nine
patients (11%). HBsAg(+)-associated HCCs tended to be significantly associated
with higher circulating AFP values (P=0.0485), and a significantly larger subset of
<40 patients was characterized by high serum AFP levels compared with =40
patients, i.e. 84% vs. 47%, respectively (P=0.0006) (Fig. 2A). The median size of
the tumors was 13 cm in diameter, and a vast majority of them (75%) was well or
moderately differentiated (E.S.1 and E.S.2, respectively). In 40% of cases, tumors
were multinodular at time of surgical resection (n=32). We observed no
correlation between tumor size and grade and serum AFP values. Patients born in
southern-central Andes tend to form a distinct clinico-biological entity when
compared with individuals originating in the coastal regions (Fig. 1B,C).
Compared with the coastal patient population, Andean patients were younger
(P=0.0353), and were more often carriers of HBV markers both at the serological
(64% vs. 29%; P=0.0028) and molecular (97% vs. 69%; P=0.0036) levels. They
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Fig. 2. The mutation spectra emerging from Peruvian HCCs display age-based peculiar genetic features. (A) Mutations found in HCCs from <40 (left)
and =40 (right) Peruvian patients, as see in CTNNB1, AXIN1, TP53, K-RAS, H-RAS, NFE2L2, and ARID2 genes (n=80). Mutation presence is indicated on
the upper panel by both blue and red check marks. Red check marks correspond to inactivating mutations, i.e. nonsense or frame shift mutations.
Corresponding clinico-pathological features are mentioned on the lower panel. Check marks correspond to (from top to bottom): male sex; HBsAg(+); serum
AFP level above the median; poorly differentiated tumor; =17 cm-diameter tumor; multinodular tumor; recurrence within 12 months following anatomic liver
resection; metastatic cancer; and cirrhotic NTL. Red asterisks indicate significant differences between <40 and =40 patients both for HBsAg(+) (P<<0.0001)
and serum AFP level (P=0.0006). Green asterisk indicates significant difference between HCCs with mutation(s) and HCCs with no mutation (P=0.038). (B)
Mutation spectrum of Peruvian HCC (n=80). X-axis displays percentage of genetic alteration; y-axis displays each of the six classes of base substitution
and Insertions/Deletions (InDels). (C) Bar chart illustrating the association between AXIN1 gene mutation and MDM2 GG genotype at the rs2279744 allele.
(B,C) Error bars represent the standard errors of the counts.

doi:10.1371/journal.pone.0114912.9002

also displayed lower tumor grade (e.g., E.S.1 and E.S.2), as none of them
presenting poorly differentiated tumor (P=0.0003).

2. Mutation analysis

We analyzed common liver cancer-associated mutation hotspots in the present
series of 80 HCCs (see S3 Table for details). A total of 31 exons spanning 17 kb of
genomic DNA within nine genes were screened on each samples. BRAF and N-
RAS genes did not present any genetic alterations in all specimens analyzed
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(n=80). Thirteen TP53 mutations were found in 14% of the cases (n=11)

(Fig. 2A). Alterations were present in five TP53 gene exons with exon 6 affected in
half of the cases. Only one AFB1-induced TP53 R249S mutation was detected in a
poorly differentiated (E.S.3) HCC from a 49-year-old male patient originating
from the northern region of Piura (1.2%) (Fig. 1B). Interestingly, this patient
(PER37) had been submitted to an apparently intense mutagenic stress as three
different point mutations were found in his TP53 gene (see S3 Table for details).
A proline at the polymorphic codon 72 in exon 4 of TP53 gene was present in 61%
of the cases (n=49), and 15% of the HCC specimens were homozygous for this
codon (n=12). Such allelic distribution, with a predominant proline, is a
characteristic feature of populations living around the equator [17]. CTNNBI and
AXIN1 Wnt axis member genes, both common mutation targets in HCC, were
also investigated. Mutation rate of the CTNNBI gene was rather low with merely
15% (n=12), compared with mutation rates observed in European HCC patients
(Fig. 2A) [18]. Interestingly, 58% of these mutations were deletions (n=7).
AXINI gene was investigated for presence of mutation in seven exons covering
77% of the AXINI open reading frame, i.e. 1,988 on 2,589 full-length nucleic acid
sequence. 12.5% of the HCC specimens were found to carry mutation (n=10).
Overall, the Wnt axis was altered in 26% of the Peruvian HCC cases (n=21). Four
prominent members of Ras signaling pathway (i.e., H/K/N-RAS and BRAF genes)
were submitted to mutation screening. 9% of the HCC specimens displayed
mutations in Ras axis, four affecting K-RAS and three on H-RAS (n=7).
Remarkably, all four K-RAS-mutated HCCs were unusual 121M mutants [19].
Two additional genes, i.e. NFE2L2 and ARID2, recently proposed as mutational
targets in HCC were investigated [20]. Only one somatic mutant was found for
each gene (1.2%). The nucleotide mutation spectrum of the 45 somatic mutants
identified displayed a peculiar pattern (Fig. 2B). Surprisingly, the main class of
mutation was InDels, a type of alteration usually prevalent at low level in HCC
patients originating from Europe or the Far East. Mutations were found in 45% of
the patients (n=36), leaving the remaining 44 cases without any molecular clue
regarding the ongoing molecular process. MDM?2 rs2279744-GG genotype is
correlated with a reduced activity of tumor suppressor p53 in the corresponding
tumors [21,22]. AXINI-mutated and MDM?2 rs2279744-GG genotypes were
significantly associated in HCC patients (Fig. 2C). 72% of AXINI-mutated HCC
samples were GG homozygotes at SNP309, whereas this proportion was only 34%
in HCC specimens lacking AXIN1 mutation (P=0.0218).

3. Correlation between genetic alterations and clinico-
pathological features

To shape an intelligible landscape of the HCC affecting Peruvian patients, we
subsequently tried to correlate virology and genetic features with the clinical
presentation of the disease. As expected, TP53 mutations were statistically
associated with a poor tumor differentiation (P=0.0045) (Figs. 2A and 3A). In
addition, multinodular liver tumors were preferentially associated with specific
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Fig. 3. Age-based tumor phenotype and clinical pattern of the Peruvian HCCs are correlated to specific
somatic mutation rates. (A—E) Bar charts illustrating the association between HCC-related gene mutation
rates (%) and tumor clinical presentation. (A—C,E) Black bars represent the mutation rate; grey bars represent
the wild-type allele (WT) rate. (A) WT and mutation rates of TP53 gene in E.S.3 HCCs (P=0.01). (B) WT and
mutation rates of AXIN1 gene in multinodular HCCs (P=0.03). (C) WT and mutation rates of Whnt axis in
recurring HCCs (P<0.0001). (D) Bar chart of the mutation rates of ARID2, AXIN1, CTNNB1, H-RAS, K-RAS,
NFE2L2, and TP53 genes in <40 and =40 patients (black and grey bars, respectively). (E) Bar chart
presenting mutation rate of Whnt axis in <40 and =40 HCCs. Black and grey bars represent <40 and =40
patient rates, respectively. (A-E) Error bars represent the standard errors of the counts. (F) Pie charts for both
mutation and WT rates of AXIN1 gene in HCCs of female (left chart) and male (right chart) patients. Black
sectors represent the AXIN1 mutation rates; grey sectors represent the rates of AXINT WT.
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