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Abstract

Background: Early diagnosis and proper management of hepatocellular
carcinoma (HCC) improve patient prognosis. Several studies attempted
to discover new genes to understand the pathogenesis and identify the
prognostic and predictive factors in HCC patients, to improve patient’s
overall survival (OS) and maintain their physical and social activity.
The transcription factor FOS-like antigen 1 (FOSL1) acts as one of the
important prognostic factors in different tumors, and its overexpression
correlates with tumors’ progression and worse patient survival. How-
ever, its expression and molecular mechanisms underlying its dysregula-
tion in human HCC remain poorly understood. Our study was conducted
to evaluate the expression of FOSL1 in HCC tissues and its relationship
with various clinicopathological parameters besides OS.

Methods: This study is a retrospective cohort study conducted among
113 patients with a proven diagnosis of HCC, who underwent tumor
resection and received treatment at South Egypt Cancer Institute. Im-
munohistochemistry for FOSL1 expression and survival curves were
conducted followed by statistical analysis.

Results: HCC occurred at older age group and affected males more
than females. There was a statistically significant correlation between
combined cytoplasmic and nuclear expression of FOSL1 and worse
prognosis in HCC patients. There was a statistically significant cor-
relation of FOSL1 expression with histological grade, lymphovascu-
lar embolization, and tumor budding where high expression indicated
potential deterioration of HCC patients. There was statistically sig-
nificant correlation between tumor size, tumor grade and FOSL1 ex-
pression with the cumulative OS.
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Conclusions: Combined cytoplasmic and nuclear FOSL1 expression
has significant prognostic association with HCC and diagnostic im-
portance, as it can identify cirrhosis and premalignant lesions that can
progress to HCC. Furthermore, Kaplan-Meier survival analysis found
that overexpressed FOSL1 was correlated with poor OS.
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Introduction

Hepatocellular carcinoma (HCC) is the fourth most common
cause of death from cancer [1]. It was estimated that HCC
is responsible for approximately 18% of the total number of
deaths in 2022 (830,000 deaths) [2]. HCC accounts for 90%
of hepatic cancers with nearly 800,000 newly diagnosed cases
annually worldwide, while intrahepatic cholangiocarcinoma
(ICC) constitutes nearly 10% [3].

Chronic liver diseases, which include chronic viral hepatitis
(hepatitis B virus (HBV) and hepatitis C virus (HCV)), liver cir-
rhosis, heavy alcohol consumption, and probably nonalcoholic
fatty liver disease, are considered the most common etiologic
factors causing HCC [4]. Despite the advancement in the screen-
ing programs, 40% of HCC patients are diagnosed at a curative
stage, but about 50% are diagnosed at a more advanced stage [5].

In spite of the great improvement in HCC treatments, the
outcome of HCC is still pitiful. The overall 5-year survival
rate (SR) of patients with HCC resection is only 30% [6]. One
reason attributed to the poor prognosis is the effect of systemic
treatments to HCC is generally inadequate. The breakthrough
drug, sorafenib (a tyrosine kinase inhibitor), may only prolong
the median overall survival (OS) time of HCC patients in late
stages from 8 to 11 months [7]. In 2020, combination of at-
ezolizumab and bevacizumab that was considered as the first
regimen to demonstrate remarkable OS to sorafenib, was ap-
proved by Food and Drug Administration (FDA) as an original
frontline standard treatment protocol for unresectable or meta-
static HCC [8]. Unfortunately, due to high therapy-resistant of
HCC, only few HCC patients benefit from the systemic thera-
pies [9]. Thus, the detection of a new HCC target therapy is
still an urgent need. Further studies of the molecular biology
of HCC could provide hints for optimizing new therapies and
develop novel therapeutic approaches that provide enhanced

Articles © The authors | Journal compilation © World | Oncol and Elmer Press Inc™ | www.wjon.org
This article is distributed under the terms of the Creative Commons Attribution Non-Commercial 4.0 International License, which permits 285
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited


https://crossmark.crossref.org/dialog/?doi=10.14740/wjon1608&domain=pdf&date_stamp=2023-07-10
https://orcid.org/0000-0002-5427-5806
https://orcid.org/0000-0002-3194-7825

FOSLI and Survival of HCC Patients

World ] Oncol. 2023;14(4):285-299

survival benefit for these patients. This has guided the motive
of the work described in this study.

FOS family, a well-recognized component of activating
protein-1 (AP-1) transcription factors, is responsible for defec-
tive regulation of gene expression resulting in cancer devel-
opment [10]. FOS-like antigen 1 (FOSL1) has an important
prognostic value in different tumors, as its overexpression
correlates with tumors progression or worse patient survival
[10]. Furthermore, the functions of FOSL1 in promoting epi-
thelial-mesenchymal transition, resulting in cancer spread and
metastasis, were reported in various malignant tumors, such
as breast, colorectal, prostatic, lung, nasopharyngeal, thyroid,
pancreatic, gastric carcinomas, and malignant melanoma [11].

Although several studies have described the pathologic
consequences of FOSL1 overexpression in multiple cancers,
the clinical and prognostic significance of FOSL1 in HCC is
still poorly understood. FOSL1 might be involved in the pro-
gression of HCC and could be a promising prognostic candi-
date and a therapeutic target for early management of HCC.
The high expression of FOSL1 corresponds to the poor prog-
nosis of liver cancer [12].

Aberrant expression of FOSL1 is commonly elevated in
various malignant cancers and is strongly implicated in car-
cinogenesis, invasion, and metastasis. However, the molecular
mechanisms beneath its dysregulation in human HCC stand
poorly understood. Therefore, the purposes of this research
were to evaluate FOSL1 expression in HCC tissues, to demon-
strate the relationship between FOSL1 expression and various
clinicopathological parameter, and to determine the relations
between the OS and the clinicopathological parameters includ-
ing the expression of FOSLI1.

Materials and Methods

This cohort retrospective study was accomplished on 113 pri-
mary HCC patients at South Egypt Cancer Institute (SECI)
from January 2008 to August 2018. Clinicopathological data
for each patient were obtained from cases selected from the
registry of Pathology and Oncology Departments at SECI after
surgical resection of the tumor. Our study design was approved
by the Ethical Committee of Scientific Research of SECI at As-
siut University, Egypt (SECI-IRB- IORG0006563) (approval
No: 572). All the informed consents for publication from the
patients were obtained. The study was conducted in compli-
ance with the ethical standards of the responsible institution on
human subjects as well as with the Helsinki Declaration.

In this study, we investigated FOSL1 expression in par-
affin-embedded HCC tissues, and their corresponding tumor
adjacent tissues. We assessed the correlations between FOSLI
expression and clinicopathological parameters and investigat-
ed the prognostic significance of FOSL1 in HCC cases.

Tumor budding, described as a pathological factor of poor
prognosis, was evaluated in our study to detect its relation to
FOSLI expression. The sections were first examined at low-
power magnification to assess the highest invasive areas of
every tumor. Consequently, the slides were examined at high-
power magnification (x 200), and the number of tumor buds
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(single cells or groups of up to five malignant cells) in five
adjacent microscopic fields was counted. Tumor budding was
graded into grade 1 (0 - 4), grade 2 (5 - 9) and grade 3 (= 10).
In addition, cases with > 10 buds were classified as high-grade
tumor budding, those with 0 to 9 buds were classified as low-
grade tumor budding [13].

Follow-up data for each case were performed for 4 years
to detect disease-free survival and OS with their relation to
FOSLI expression.

Inclusion criteria

Inclusion criteria were: 1) histopathological diagnosis of pri-
mary HCC of surgically resected specimens; 2) patient age
more than 18 years old; 3) patient performance status (0 - 2).

Exclusion criteria

Exclusion criteria included: 1) patient who has not undergone
transarterial chemoembolisation (TACE) or received target ther-
apy; 2) patient who has received adjuvant therapy; 3) cases that
were diagnosed with core needle biopsy or incisional biopsy.

Immunohistochemistry (IHC) and score of FOSL1 staining

Selected specimens obtained from primary HCC patients avail-
able for retrospective analysis, were deparaffinized and rehy-
drated. Antigen retrieval was performed in a microwave oven
at 750 W for 30 min. To block endogenous peroxidase activity,
the specimens were pretreated with 0.3% hydrogen peroxide
at 37 °C for 30 min. Thereafter, they were incubated with 5%
bovine serum albumin to avoid nonspecific binding. Next, the
sections were incubated with a FOSL1-specific primary an-
tibody (AF4935, R and D systems, Minneapolis, MN, USA)
overnight at 4 °C. Following washes with phosphate-buffered
saline (PBS) and incubation with a labeled polymer-HRP for
30 min, the chromogen 3,3’-diaminobenzidine tetrachloride
(DAB) was used to initiate the colorimetric reaction, followed
by counterstaining of sections using hematoxylin.

A semi-quantitative analysis was performed to evaluate dif-
ferential expression of FOSL1 in the HCC tissues and in the
non-cancerous control adjacent hepatic tissues. The IHC score
(H score) comprised of two aspects: the staining intensity and
the extent of staining. Immunohistochemical expression was
analyzed at x 200 magnification light microscopy. The staining
intensity for both FOSL1 (nuclear and cytoplasmic expression)
was scored separately as 0 (negative), 1 (weak), 2 (moderate),
and 3 (strong). According to the percentage of positive-stained
cells, the extent of staining for FOSL1 was scored as 0 (0%), 1
(1-25%), 2 (26-50%), 3 (51-75%), and 4 (76-100%). The sum-
mation of both the staining intensity and staining extent scores
ranged from 0 to 7. An optimal cut-off for FOSL1 was chosen
on the basis of a measure as follows: a staining index score of
0 - 3 was used to define as low/negative expression and 4 - 7
indicated high/positive expression of FOSL1 [14].
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Table 1. Baseline Demographic, Clinical and Characteristics of
the Studied Cohort

Variable Category N=113
Agelyears Mean + SD 57.73+73
Median (range) 56 (47 - 74)
Sex Female 26 (23.1%)
Male 87 (76.9%)
Hepatitis infection No 19 (16.8%)
HBV 7 (6.3%)
HCV 87 (76.9%)
History of antiviral TTT No 8 (7.2%)
Yes 18 (15.9%)
Unknown 87 (76.9%)
HCC grade Grade [ 20 (17.7%)
Grade 11 45 (39.8%)
Grade IIT 48 (42.5%)
AFP (ng/mL) Mean + SD 1,505.89 +391.3
Median (range) 116 (9 - 1,886)

TTT: treatment; AFP: alpha-fetoprotein; SD: standard deviation; HCC:
hepatocellular carcinoma.

Negative and positive controls

Sections from normal rat prostatic tissues were FOSL1 stained
and used as positive control. The positivity for FOSL1 was
identified as brownish nuclear and/or cytoplasmic staining of
tumor cells. Other sections stained in parallel with the omis-
sion of the primary antibodies were used as a negative con-
trol. The positive and negative controls are used to indicate the
validity of our results. All slides were examined without any
prior knowledge of the patients’ information and clinical data.

Statistical analysis

Analyses were performed using the SPSS statistical software
package version 23 (SPSS, Inc., Chicago, IL). The Chi-square
test or Fisher’s exact test were used to evaluate FOSL1 ex-
pression and to estimate the correlation of its expression with
the clinicopathologic characteristics. Bivariate correlations be-
tween study variables were calculated by Spearman’s rank cor-
relation coefficients. Differences were considered statistically
significant at P < 0.05.

Results

One hundred thirteen cases of HCC with different histological
grades were included in this study. The clinicopathological data
and the biopsy specimens were obtained from the registry of
the Medical Oncology and the Pathology Departments at SECI.
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Table 2. Tumor-Related Factors Among the Studied Cohort

Variable Category N=113
Tumor size (cm) Mean = SD 335+1.9
Median (range) 2.3(1.5-8.2)
Tumor budding Low 39 (34.5%)
High 74 (65.5%)
LVE Positive 72 (63.7%)
Necrosis Positive 30 (26.5%)
Recurrence Yes 45 (39.8%)
Mortality Yes 69 (61.1%)

SD: standard deviation; LVE: lymphovascular embolization.

Clinicopathological and demographic features of the
studied cases

Clinicopathological and demographic features of the HCC
patients are described in Table 1. Data revealed that patients’
ages ranged from 47 to 74 years, with a mean of 57.73 + 7.3
years. Additionally, male gender was counted about 87 out of
113 (76.9%) of HCC cases, and females were about 26/113
(23.1%) of cases. Of the total number of HCC patients, 76.9%
of HCC cases were positive for HCV and 6.3% of cases were
positive for HBV, with only 15.9% of total cases having a his-
tory of antiviral treatment. According to the World Health Or-
ganization (WHO) classification, histopathologic examination
revealed that 42.5% of cases were grade III, 39.8% were grade
IT and 17.7% were grade 1. Associated cirrhosis was detected
in 80.5% of HCC cases. Surgical resection was performed in
all the cases of HCC. All patients have elevated levels of al-
pha-fetoprotein (AFP) with mean = standard deviation (SD) of
1,505.89 +391.3.

Histopathological results and tumor-related factors

Tumor-related factors among the studied cohort were de-
scribed in Table 2. Tumor size ranged from 1.5 to 8.2 cm with
a mean 3.35 £ 1.9. Tumor sizes less than 5 cm were detected
in 90/113 (79.6%) of cases, and more than 5 cm in 23/113
(20.4%) of cases. Our study included HCC with different his-
tological grades. All tumors showed tumor budding where
74/113 (65.5%) cases showed high tumor budding and 39/113
(34.5%) cases showed low tumor budding. Lymphovascular
embolization (LVE) was positive in 72/113 (63.7%) cases and
tumor necrosis was detected in 30/113 (26.5%) cases. A to-
tal of 45/113 (39.8%) patients experienced tumor recurrence.
There were 44 (38.9%) cases still alive with a mean survival
time of 32.78 months, and 69/113 (61.1%) cases were dead
with a mean survival time of 14.88 months.

FOSL1 features and score of FOSL1

The THC staining demonstrated that FOSL1 expression was
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Figure 1. Immunohistochemical staining of FOSL1 in HCC tumor tissues (x 400) showed weak nuclear expression for FOSL1
(a), moderate nuclear expression (b), strong nuclear expression for FOSL1 (c), weak cytoplasmic expression for FOSL1 (d),
moderate cytoplasmic expression (e), and strong cytoplasmic expression for FOSL1 (f). FOSL1: FOS-like antigen 1; HCC: hepa-

tocellular carcinoma.

detected in 102/113 (90.3%) of HCC cases. FOSL1 expres-
sion in HCC was predominantly located in both nucleus and
cytoplasm.

Relationship between FOSL1 nuclear expression and clin-
icopathological parameters in patients with HCC

In this study, low or negative nuclear expression was detected
in 58/113 cases of HCC, while high or positive nuclear ex-
pression in 55/113 cases. The representative IHC staining im-
ages of FOSL1 expression in HCC samples with different [HC
scores for nuclear expression were shown in Figure la-c. The
relationship between FOSL1 nuclear expression and clinico-
pathological parameters in patients with HCC was investigat-
ed. As summarized in Table 3, there was a strong statistically
significant correlation of high FOSL1 nuclear expression with
histological grade, LVE, and tumor budding (P = 0.038, P =
0.028 and 0.026). High FOSLI nuclear expression indicated
the potential deterioration of HCC, as presented by poor histo-
logical differentiation, high tumor budding and LVE.

Relationship between FOSL1 cytoplasmic expression and
clinicopathological parameters in patients with HCC

In this study, low or negative cytoplasmic expression was de-

288 Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™

tected in 49/113 cases of HCC, while high or positive cytoplas-
mic expression in 64/113 cases. The representative IHC stain-
ing images of FOSLI1 protein in HCC samples with different
THC scores for cytoplasmic expression were shown in Figure
1d-f. Furthermore, we found that cytoplasmic expression of
FOSL1 was detected in both HCC as well as in liver cirrhosis
(Fig. 2). The relationship between high FOSL1 cytoplasmic
expression and clinicopathological parameters in patients with
HCC was investigated. As summarized in Table 4, there was
a strong statistically significant correlation of FOSL1 protein
nuclear expression with FOSL1 cytoplasmic expression (P =
0.012).

Relationship between FOSL1 combined (nuclear and cy-
toplasmic) expression and clinicopathological parameters
in patients with HCC

In this study, low or negative combined (nuclear and cytoplas-
mic) expression was detected in 27/113 cases of HCC, while
high or positive combined (nuclear and cytoplasmic) expres-
sion in 86/113 of HCC cases. The relationship between com-
bined FOSL1 expression and clinicopathological parameters
in patients with HCC was investigated. As summarized in
Table 5, there was a strong statistically significant correlation
of high combined FOSL1 expression with histological grade,
LVE, tumor budding, and survival (P = 0.034, P =0.031, P =
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Table 3. Correlation Between FOSL1 Nuclear Expression and Clinicopathologic Features

H score (n)
Correlate P value HR (95% CI) P value
Low (n =58) High (n = 55)

Agelyear

<50 years 10 (15.8%) 14 (22.2%) 0.288 1

> 50 years 48 (84.2%) 41 (77.8%) 0.66 (0.13 - 3.45) 0.619
Sex

Female 10 (15.8%) 16 (27.8%) 0.215 1

Male 48 (84.2%) 39 (72.2%) 0.49 (0.10 - 2.43) 0.381
Tumor size

<5cm 45 (78.9%) 39 (27.8%) 0.267 1

>5cm 13 (21.1%) 16 (27.8%) 1.44 (0.32 - 6.53) 0.635
AFP

>200 ng/mL 24 (42.1%) 27 (50%) 0.630 1

<200 ng/mL 34 (57.9%) 28 (50%) 0.73 (0.20 - 2.66) 0.684
Histological grade

Grade | 15 (26.3%) 5(9.1%) 0.075 1

Grade II/1IT 43 (73.7%) 50 (90.9%) 6.07 (1.01 - 8.22) 0.038*
Hepatitis infection

No 6 (10.5%) 2 (3.6%) 0.225 1

HCV/HBV 52 (89.5%) 53 (96.4%) 0.41 (0.07 - 2.59) 0.344
LC

Negative 13 (22.4%) 9 (16.7%) 0.246 1

Positive 45 (77.6%) 46 (83.3%) 1.79 (0.36 - 8.90) 0.479
LVE

Negative 31 (52.6%) 10 (18.2%) 0.022* 1

Positive 27 (47.4%) 45 (81.8%) 5.56 (1.20 - 9.71) 0.028*
Necrosis

Negative 43 (73.7%) 40 (72.2%) 0.605 1

Positive 15 (26.3%) 15 (27.8%) 1.08 (0.25 - 4.60) 0.847
Tumor budding

Low 31 (52.6%) 8 (14.5%) 0.020* 1

High 27 (47.4%) 47 (85.5%) 5.56 (1.20-9.71) 0.026*
FOSL1 (C)

Low 38 (65.5%) 11 (20%) 0.001* 1

High 20 (34.5%) 44 (80%) 18.0 (1.96 - 34.9) 0.011%*
Recurrence

No 37 (63.2%) 31 (55.6%) 0.235 1

Yes 21 (36.8%) 24 (44.4%) 1.38 (0.37 - 5.19) 0.630
Mortality

Alive 22 (36.8%) 22 (40%) 0.898 1

Dead 36 (63.2%) 33 (60%) 0.92 (0.24 - 3.46) 0.904

*P < 0.05. AFP: alpha-fetoprotein; FOSL1: FOS-like antigen 1; LC: liver cirrhosis; HBV: hepatitis B virus; HCV: hepatitis C virus; LVE: lymphovascular
embolization; HR: hazard ratio; Cl: confidence interval; FOSL1 (C): FOSL1 cytoplasmic expression.
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Figure 2. Immunohistochemical staining of FOSL1 showed strong cytoplasmic expression for FOSL1 in liver cirrhosis (a) (x 100
power magnification), strong cytoplasmic expression for FOSL1 for both liver cirrhosis and HCC (b) (x 100 power magnification),
strong cytoplasmic expression for FOSL1 at liver cirrhosis and weak cytoplasmic expression for FOSL1 at HCC (c, d) (x 100 and
x 200 power magnification). FOSL1: FOS-like antigen 1; HCC: hepatocellular carcinoma.

0.046, and P = 0.035). High combined (nuclear and cytoplas-
mic) FOSL1 expression indicated the potential deterioration of
HCC, as presented by poor histological differentiation, LVE,
high tumor budding, and low survival. The representative IHC
staining images of FOSL1 protein in HCC samples with differ-
ent IHC scores for combined nuclear and cytoplasmic expres-
sion was demonstrated in Figure 3a-d.

Relationship between clinicopathologic features and
FOSLI1 expression with OS rate in patients with HCC

The relationship between SR and various clinicopathological
parameters including FOSL1 expression were investigated.
The SRs according to different clinicopathological factors and
the most important predictors of survival among the studied
cohort are shown in Table 6. Three independent predictors of
mortality were identified for the current cohort (tumor size,
grade, and combined (nuclear and cytoplasmic) FOSL1 ex-
pression).

Tumor size was an independent predictor of survival with
significant (P = 0.034) lower SR% among cases with size > 5
cm (22%) than those with size < 5 cm (43%); as well, those
with size > Scm had double the hazard of mortality (hazard
ratio (HR) = 2.08, 95% confidence interval (CI): 1.04 - 5.14,
P = 0.043). Likely, patients with grade II/III had significantly
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(P=10.041) lower SR% (17%) than those with grade I (42%);
also, those with grade II/III had 3.6 times the risk of mortal-
ity (HR = 3.62, 95% CI: 1.08 - 6.12, P = 0.046). Moreover,
FOSLI proved to be an independent predictor of survival with
significant (P = 0.044) lower SR% among those with high
FOSL1 (33%), compared with those with low FOSL1 (47%);
consistently, the possibility of death was quadrable in patients
with high FOSL1 (HR =4.11, 95% CI: 1.06 - 8.09, P =0.039)
than those with low FOSL1. On the other hand, all other fac-
tors failed to prove any predictor power for mortality among
the studied cases.

There was statistically significant correlation between tu-
mor size and cumulative OS, where large sized tumor (> 5 cm)
is associate with lower median OS time (10 (4 - 15.5 months))
than small sized tumor (< 5 cm) (24 (13.5 - 34.5 months)) (log
rank P value = 0.047) (Fig. 4a). There was statistically signifi-
cant gradient inverse association between tumor grade and cu-
mulative OS, where grade III tumor had low median OS time
(15 (9 - 21 months)), followed by grade II tumor (16 (4 - 28
months)), then grade I tumor with higher OS time (24 (5 - 43
months)) (log rank P = 0.042) (Fig. 4b). Furthermore, there
was statistically significant steady decrease in cumulative OS
as correlated with the FOSL1 level, i.e., patients with strong
FOSLI1 reported low median OS time (10 (4 - 16 months)), fol-
lowed by those with moderate FOSL1 (23 (11.5 - 34 months)),
then those with weak FOSL1 with higher OS time (24 (7.5
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Table 4. Correlation Between FOSL1 Cytoplasmic Expression and Clinicopathologic Features

H score (n)
Correlate P value HR (95% CI) P value
Low (n =58) High (n = 55)

Agelyears

<50 years 13 (25%) 11 (17.2%) 0.235 1

> 50 years 36 (75%) 53 (82.8%) 2.01 (0.38 - 9.58) 0.415
Sex

Female 10 (18.7%) 16 (25%) 0.517 1

Male 39 (81.3%) 48 (75%) 0.74 (0.15 - 3.69) 0.712
Tumor size

<5cm 34 (68.7%) 50 (78.1%) 0.210 1

>5cm 15 (31.3%) 14 (21.9%) 0.52 (0.11 - 2.36) 0.395
AFP

> 200 ng/mL 25 (50.1%) 26 (40.6%) 0.460 1

<200 ng/mL 24 (49.9%) 38 (59.4%) 1.33 (0.36 - 4.93) 0.666
Histological grade

Grade I 10 (18.7%) 10 (15.6%) 0.528 1

Grade II/TIT 39 (81.3%) 54 (84.4%) 1.39 (0.24 - 7.99) 0.716
Hepatitis infection

No 2 (4.1%) 6 (9.4%) 0.528 1

HCV/HBV 47 (95.9%) 58 (90.6%) 1.39 (0.24 - 7.99) 0.716
LC

Negative 13 (25%) 9 (14.1%) 0.483 1

Positive 36 (75%) 55 (85.9%) 1.42 (0.30 - 6.81) 0.664
LVE

Negative 21(42.6%) 20 (31.2%) 0.174 1

Positive 28 (57.1%) 44 (68.8%) 1.94 (0.50 - 7.64) 0.341
Necrosis

Negative 40 (81.6%) 43 (67.2%) 0.187 1

Positive 9 (18.4%) 21 (32.8%) 2.17 (0.46 - 9.20) 0.328
Tumor budding

Low 22 (43.8%) 17 (26.6%) 0.174 1

High 27 (56.2%) 47 (70.3%) 1.94 (0.50 - 7.64) 0.341
FOSL1 (N)

Low 38 (77.6%) 20 (31.2%) 0.008* 1

High 11 (22.4%) 44 (68.8%) 0.11 (0.02 - 0.61) 0.012*
Recurrence

No 34 (68.8%) 34 (53.1%) 0.253 1

Yes 15 (31.2%) 30 (48.4%) 2.02 (0.51 - 7.80) 0.318
Mortality

Alive 19 (37.5%) 25 (38.1%) 0.267 1

Dead 30 (62.5%) 39 (61.9%) 0.98 (0.26 - 3.73) 0.970

*P < 0.05. AFP: alpha-fetoprotein; FOSL1: FOS-like antigen 1; LC: liver cirrhosis; HBV: hepatitis B virus; HCV: hepatitis C virus; LVE: lymphovascular
embolization; HR: hazard ratio; Cl: confidence interval; FOSL1 (N): FOSL1 nuclear expression.
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Table 5. Correlation Between Combined (N + C) FOSL1 Expression and Clinicopathological Features

H score (N + C)
Correlate P value HR (95% CI) P value
Low (n=27) High (n = 86)

Agelyears

<50 years 6 (22.2%) 18 (20.9%) 0.771 1

> 50 years 21 (77.8%) 68 (79.1%) 1.31(0.21 - 8.32) 0.845
Sex

Female 3 (11.1%) 23 (26.7%) 0.379 1

Male 24 (88.9%) 63 (73.3%) 0.38 (0.04 - 3.55) 0.682
Tumor size

<5cm 21 (77.8%) 63 (73.3%) 0.806 1

>5cm 6 (22.2%) 23 (26.7%) 1.17 (0.96 - 6.89) 0.784
AFP

> 200 ng/mL 12 (44.4%) 39 (45.3%) 0.612 1

<200 ng/mL 15 (55.6%) 47 (54.7%) 0.92 (0.21 - 4.18) 0.782
Histological grade

Grade I 15 (55.6%) 5 (5.8%) 0.028* 1

Grade II/1T 12 (44.4%) 81 (94.2%) 1.73 (0.36 - 8.35) 0.034*
Hepatitis infection

No 6 (22.2%) 2 (2.3%) 0.457 1

HCV/HBV 21 (77.8%) 84 (97.7%) 1.71 (0.26 - 9.41) 0.574
LC

Negative 9 (33.3%) 13 (15.1%) 0.293 1

Positive 18 (66.7%) 73 (84.9%) 2.31(0.42-8.74) 0.237
LVE

Negative 18 (66.7%) 23 (26.7%) 0.023* 1

Positive 9 (33.3%) 63 (73.3%) 6.01 (1.18 - 14.58) 0.031*
Necrosis

Negative 21 (77.8%) 62 (72.1%) 0.537 1

Positive 6 (22.2%) 24 (27.9%) 1.41 (0.24 - 8.24) 0.709
Bile duct proliferation

Mild/moderate 18 (66.7%) 61 (70.9%) 0.546 1

Severe 9 (33.3%) 25 (29.1%) 0.81 (0.16 - 4.01) 0.765
Tumor budding

Low 15 (55.6%) 24 (27.9%) 0.040* 1

High 12 (44.4%) 62 (72.1%) 3.17 (1.05-9.72) 0.046*
Recurrence

No 21 (77.8%) 47 (54.7%) 0.186 1

Yes 6 (22.2%) 39 (45.3%) 3.03 (0.53 - 7.25) 0.120
Mortality

Alive 21 (77.8%) 23 (26.7%) 0.034* 1

Dead 6 (22.2%) 64 (73.3%) 1.44 (0.31 - 6.62) 0.035*

*P < 0.05. AFP: alpha-fetoprotein; FOSL1: FOS-like antigen 1; LC: liver cirrhosis; HBV: hepatitis B virus; HCV: hepatitis C virus; LVE: lymphovascular
embolization; HR: hazard ratios; Cl: confidence interval; N + C: nuclear and cytoplasmic expression.
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Figure 3. Immunohistochemical staining of FOSL1 in HCC (x 400), showed combined weak cytoplasmic and moderate nuclear
expression for FOSL1 (a), combined moderate cytoplasmic and strong nuclear expression (b), combined moderate cytoplasmic
and weak nuclear expression (c), and combined strong cytoplasmic expression and strong nuclear expression for FOSL1 (d).

FOSL1: FOS-like antigen 1; HCC: hepatocellular carcinoma.

- 40.5 months)) (log rank P = 0.044) (Fig. 4c). Additionally,
no correlation between recurrence and cumulative OS was
detected. In other words, insignificantly (log rank P = 0.247)
lower median OS time (13 (0 - 30 months)) was observed for

patients with recurrence than those without recurrence (16 (6 -
26 months)) (Fig. 4d).

Discussion

In the current work, we studied 113 cases representing differ-
ent grades of HCCs for their clinicopathologic characteristics
and FOSLI protein expression. We found that HCC patients
presented at mean age of 57.73 + 7.3 years. This finding is in
agreement with a study done by Le et al (2019) [15], where
they found that most HCC patients are aged 50 years or older.
Another study, conducted by Yang et al (2017), found that pa-
tients with HCC had an age range from 40 to 60 years old [4].
While, in Asia-Pacific region, HCC occurs one decade older,
but generally speaking, HCC is rare before 40 years old [16].
In contrast to the results of many studies which demon-
strated that the age of the patients at diagnosis of HCC in Arab
countries is one decade younger than in Western Japanese and
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Chinese countries, our results demonstrated that most HCC
patients are aged 50 years or older. This could be explained by
different population pyramids in developing countries, physi-
cal and dietary factors that accelerate neoplastic process and
the high prevalence of HCV positivity (76.9%) in HCC pa-
tients involved in the current study.

Regarding sex distribution, our data revealed that HCC
showed male predominance with a male to female ratio of
3.5:1. This finding is in agreement with another study conduct-
ed by Liu et al (2017) that found a male predominance with a
male to female ratio of 3.55:1 [17]. This finding could be at-
tributed to the protective role of estrogens in females, gender
differences in HCV infection that is considered as an important
predisposing factor for HCC, the age at viral infection, or the
presence of some other risk factors [18]. Thus, gender differ-
ence in HCC incidence might be related to behavioral risk fac-
tors in addition to biologic factors.

In Egypt, HCC is a major public health problem, and
Egypt is well-recognized to be the country with the highest
burden of HCV. The relation between HCV and HCC is an es-
sential area for investigation. The current study demonstrated
that 76.9% of HCC cases were positive for HCV, with 16% of
cases having a history of antiviral treatment, and 84% of cases
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Table 6. Correlation Between Clinicopathologic Features and Overall Survival Rate

Predictor SR% P value HR (95% CI) P value
Agelyears

<50 years 42.9% 0.313 1

> 50 years 36.7% 1.468 (0.498 - 4.329) 0.428
Sex

Female 62.5% 0.092 1

Male 31% 2.384 (0.707 - 8.034) 0.161
Tumor size

<5cm 42.9% 0.034* 1

>5cm 22.2% 2.078 (1.041 - 5.138) 0.043*
AFP

>200 ng/mL 35.3% 0.255 1

<200 ng/mL 40% 0.889 (0.391 - 2.022) 0.779
Histological grade

Grade I 41.9% 0.041%* 1

Grade TI/II1 16.7% 3.621 (1.077 - 6.118) 0.046*
Hepatitis infection

No 33.3% 0.593 1

HCV/HBV 38.7% 0.730 (0.246 - 2.163) 0.570
LC

Negative 50% 0.230 1

Positive 34.5% 1.394 (0.470 - 4.137) 0.549
LVE

Negative 38.5% 0.613 1

Positive 37.5% 0.871 (0.364 - 2.082) 0.756
Necrosis

Negative 40.7% 0.256 1

Positive 30% 1.335(0.542 - 3.292) 0.530
Bile duct proliferation

Mild/moderate 42.9% 0.421 1

Severe 34.7% 1.079 (0.648 - 1.798) 0.770
FOSLI

Low 46.8% 0.044* 1

High 33.1% 4.112 (1.057 - 8.091) 0.039*
Recurrence

Negative 59.1% 0.454 1

Positive 66.7% 1.943 (0.412 - 2.160) 0.302

*P < 0.05. SR%: survival rate percentages; HR: hazard ratio; 95% Cl: 95% confidence intervals for risk of all causes; AFP: alpha-fetoprotein; LC: liver
cirrhosis; HBV: hepatitis B virus; HCV: hepatitis C virus; LVE: lymphovascular embolization; FOSL1: FOS-like antigen 1.

either have not received any treatment or unknown. We also
demonstrated that 80.5% of HCC cases were associated with
liver cirrhosis. It is known that liver cirrhosis usually presents
in 80-90% of HCC patients due to any underlying liver disease
and represents the most important risk factor for HCC [19].
The high percentages of HCV in HCC patients of the current
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study could be explained by occurrence of chronic inflamma-
tion due to HCV infection, in addition to absence of history of
antiviral treatment in 84% of cases and may be a key mecha-
nism for the cirrhotic state followed by HCC development.
Our work showed that moderately and poorly differen-
tiated HCC were the predominant forms of differentiation
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Figure 4. Effect of tumor size, histologic grade, FOSL1 expression and tumor recurrence on OS. Kaplan-Meier survival curves
for the cumulative (cum) OS according to the log rank test. The OS rate of the HCC patients with tumor size > 5 cm (red line) was
significantly lower than that of the patients with tumor size <5 cm (blue line) (a). The OS rate of the HCC patients with histological
grade Il and Il (red and green lines) were significantly lower than that of the patients with histological grade | (blue line) (b). The
OS rate of the HCC patients with strong FOSL1 expression (red line) was significantly lower than that of the patients with moder-
ate or weak FOSL1 expression (green and blue line) (c). The OS rate of the HCC patients with recurrence (red line) and with no
recurrence (blue line) (d). FOSL1: FOS-like antigen 1; HCC: hepatocellular carcinoma; OS: overall survival.

(82.3%). This in agreement with the study of Khoury et al
(2005) and Zheng et al (2017), who found that 60% and 86%
of their cases, respectively, were moderately and poorly dif-
ferentiated HCC [20, 21]. This finding was in controversy to
study done by Kaseb et al (2016), who studied 67 HCC cases,
33 (50%) of the cases were well differentiated [22]. This dif-
ference could be attributed to the genotypic variation between
our populations sample and other groups.

In the current study, 25.7% HCC patients presented with
a tumor size of 5 cm or more (> 5 cm), and 74.3% tumor sizes
were less than 5 cm (< 5 cm). A recent study showed 47% of
HCC patients presented with a tumor size > 5 cm, while 53.3%
of HCC patients demonstrated tumors sizes < 5 cm [23]. Wu et
al (2018) studied 57,920 cases, 46% of them had tumor size >
5 cm, and Li et al (2019) found that more than 60% of selected
HCC cases had tumor size > 5 cm and validated that tumor
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size at the diagnosis time could be utilized as an independent
risk predictor correlated with histopathological grading, sur-
gery selection, and HCC survival [12, 24]. The large tumor
size at our data could be explained by the late presentation
of the patients, who are often rural areas inhabitants suffering
from poverty and low education, in addition to lack of efficient
screening programs for early detection of HCCs in our com-
munity.

Interestingly, in this study, regarding the frequency of tu-
mor budding in HCC, 65.5% of cases showed high/positive
tumor budding and 34.5% of cases showed low/negative tumor
budding; and this finding was in constellation with the study
done by Kairaluoma et al (2020), who found that 40% of their
cases were high/positive for tumor budding in HCC. In HCC,
tumor budding is one of the most important prognostic factors
and reflects aggressive biologic behavior and poor prognosis
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[25]. The tumor budding could also be interpreted as an epithe-
lial-mesenchymal transition mechanism, concomitant with the
morphological transformation to fibroblast-like appearance
[25]. The high tumor budding in the current study could be ex-
plained by the new properties attained by HCC cells leading to
their epithelial-mesenchymal transition, where epithelial cells
acquiring mesenchymal, invasive, and tumorigenic abilities
thus acquiring a more aggressive, and migratory capability.

LVE was positive in 63.7% of cases. A previous study de-
fined LVE through the presence of tumor cells within a space
surrounded by red cells or lymphocytes and attached to the
vascular wall [26]. In compliance with our study, Hsieh et al
(2015) reported the presence of lymphovascular invasion in
39/89 (43.8 %) of HCC cases [27].

Tumor necrosis was detected in 26.5% of our HCC cases.
A previous report performed on 919 patients from around the
world demonstrated that HCC necrosis is associated with OS
and recurrence-free survival (RFS) and is usually found in tu-
mors with progressively worse overall features. Furthermore,
they stated that necrosis of > 50% was capable of upstaging of
the small favorable tumors (T1 HCC with > 50% necrosis had
survival equivalent to a T2 tumor, and T2 tumors with > 50%
necrosis became equivalent to T3 tumors in terms of survival)
[28]. Another study demonstrated that tumor necrosis was
detected in 157/335 (46.9%) of HCC cases, and its presence
had significant correlation with the size of the tumor, vascular
invasion, poor cancer-specific OS and RFS [29]. They con-
cluded that tumor necrosis could be considered as a marker
for aggressive HCC. Failure to prove any predictor power of
tumor necrosis could be explained by the few numbers of cases
enrolled in this study.

In this study, a total of 40% of HCC patients experienced
tumor recurrence after surgical resection. In agreement with
our results, a previous study found that the recurrence rate be-
tween 5 and 10 years after HCC resection was 27% of cases
[30]. The annual recurrence rate of HCC after surgical resec-
tion is > 10% and reaches 70-80% after 5 years [31].

In the current study, combined nuclear and cytoplasmic
FOSL1 expression was detected in 92% of HCC cases. Previ-
ous studies demonstrated that FOSL1 expression was detected
in nearly 100% of thyroid, 92% of breast carcinomas, 87%
of esophageal carcinomas, 67% of bladder carcinoma cases
[32]. Taken together, our findings in addition to those of oth-
ers indicate that the malignant human HCC cells overgenerat-
ing FOSL1, similar to thyroid, esophageal, bladder and breast
carcinomas.

In our study, two FOSLI staining patterns were detected
in our series (nuclear and cytoplasmic reactivity). Positive ex-
pression of FOSL1 was mainly detected in both the nuclei and
the cytoplasm of HCC tumor tissues, while in adjacent liver
cirrhosis showed cytoplasmic expression only. These findings
were consistent with previous research demonstrating com-
bined nuclear and cytoplasmic FOSLI expression in breast
carcinomas compared to the adjacent ductal carcinoma in situ
tissues [33, 34]. On the other hand, other studies using im-
munohistochemical analysis showed that FOSL1 was mainly
detected in the nuclei of malignant HCC cells and only in the
cytoplasm in adjacent non-malignant cells [35, 36].

The findings detected in our study document the rela-
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tionship between FOSL1 expression and cancer development
when combined nuclear and cytoplasmic expression is detect-
ed in cirrhotic hepatocytes. Moreover, tumor aggressiveness
and poor prognosis were demonstrated where expression be-
come both nuclear and cytoplasmic. Therefore, using FOSLI
could be helpful to identify premalignant cirrhotic lesion that
can progress to HCC. This finding could be explained by the
fact that various transcription factors shuttle between the cy-
toplasm and nucleus. Although the FOSL1 synthesis begins
in the cell cytoplasm, when there is overexpression, nuclear
import might be hampered. The nuclear import mechanism
gets saturated resulting in a constant elevated concentration of
cytoplasmic FOSL1, which can take part in HCC carcinogen-
esis and progression. Our findings also suggest possible thera-
peutic values for FOSLI as a treatment option and therapeutic
target in HCC.

There was a strong statistically significant correlation of
FOSL1 expression and various clinicopathologic features such
as histological grade, tumor budding, and LVE. In agreement
with our study, Li et al (2019) demonstrated that high FOSL1
protein expression was correlated with several clinicopatholog-
ical features such as larger tumor size, HBV infection, tumor
necrosis and advanced T stage [12]. A previous study done by
Gao et al (2017) showed significant association of FOSL1 ex-
pression with vascular invasion, serum AFP, poor disease-free
survival and OS in human HCC [36]. Therefore, high FOSLI
expression indicates the potential deterioration of HCCs.

Three independent predictors of mortality were identified
for the current cohort (tumor size, grade, and FOSL1 expres-
sion). Tumor size was an independent predictor of survival
with size > 5 cm (only 22%) and double the hazard of mortal-
ity (HR = 2.08). In agreement with our study, Li et al (2019)
demonstrated that both tumor size and FOSL1 expression were
identified as prognostic factors of HCC [12]. Our study dem-
onstrated that tumor size and histological grade had significant
association with OS. This finding goes in agreement with a
study done by Hong et al (2022) who found that tumor size is
considered of prognostic value for survival in HCC patients
[37]. This finding could be explained by the lack of a coef-
ficient screening program and the late seeking of patients for
medical advice. On the other hand, Martins-Filho et al (2017)
found that histologic grade in patients with HCC is considered
of prognostic value for OS [38]. Other studies such as Xie et al
(2022) demonstrated no significant association of both tumor
size and histologic grade with OS [39]. This controversy can
be explained by different cancer-related genes and different
mutations at the genome in different malignant tumors.

In the current study, we identified FOSL1 as an independ-
ent prognostic factor. Overexpressed FOSL1 was correlated
with poor OS. This finding goes in line with studies done by
Gao et al (2017) and Li et al (2019), who reported that FOSL1
expression was associated with poor OS and poor prognosis in
HCC [12, 36]. Other studies illustrated that FOSL1 promotes
tumorigenesis and constitutes an independent prognostic bio-
marker of gastric and colorectal carcinomas [40, 41]. On con-
troversy, previous studies demonstrated that overexpression of
FOSLI can inhibit the cervical carcinoma cells’ proliferation
[42, 43]. Therefore, we can add that FOSL1 constitutes an in-
dependent prognostic factor in HCC that affects HCC patients’
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survival. Furthermore, FOSL1 may have a crucial role in the
progression of HCC and could be a promising molecular can-
didate in the diagnosis and management of HCC.

Conclusions

Our preliminary investigation reports FOSL1 overexpression
in HCC, which contributes to the pathogenesis. There is as-
sociation between the expression of FOSL1 and different clin-
icopathological factors in HCC patients where high FOSLI
expression was significantly associated with high histological
grade, high tumor budding, and vascular invasion. Further-
more, FOSL1 expression is an independent factor that deter-
mines the OS and predicts the outcome and prognosis of HCC
patients. Our study supports the important role of tumor’s size
and grade in detecting the OS and the pivotal significance of
these parameters as predictive factors for prognosis of HCC.
Furthermore, FOSL1 has diagnostic and prognostic impor-
tance where it can identify cirrhotic and premalignant lesions
that are at high risk of progression to HCC through attaining
combined nuclear and cytoplasmic FOSL1 expression. To sum
up, our findings suggest possible therapeutic values for FOSL1
as a treatment option in HCC.

All these preliminary data require more in-depth studies,
such as conducting studies on a large number of cases of HCC
grades and stages to improve the statistical power and reduce
the statistical bias, and analysis of other molecules interacting
with FOSLI protein.
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