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5'-Adenosine monophosphate activated protein kinase has a significant role in tumor growth, progress and
metastasis, so the study of 5'-Adenosine monophosphate activated protein kinase's association with cancer
risk is of important value. The aim of this study is to describe 5'-Adenosine monophosphate activated protein
kinase expression and investigate its possible association with the clinicopathological factors of urinary bladder
cancer to estimate its clinical usefulness in diagnosis and prognosis. This retrospective study utilized previously
diagnosed 128 cases of bladder cancer and twenty-three specimens of normal bladder, which were assembled
from the pathology archive, and were employed in the construction of tissue microarrays in this study. An
immunohistochemistry staining has been applied to tissue microarrays slides for the revealing of 5'-Adenosine
monophosphate activated protein kinase expression. Brown cytoplasmic staining were presented in malignant
urothelial cells of 106 (82.8 %) bladder neoplasms of which 98 (92.5 %) cases showed weak staining. On
the other hand, out of 23 positive normal bladder mucosa 18 (78.3 %) cases revealed moderate to strong
5'-Adenosine monophosphate activated protein kinase expression. Positive 5'-Adenosine monophosphate
activated protein kinase immunohistochemistry staining in malignant urothelial cells was significantly more
prevalent in low grade bladder tumors (p=0.035). A Cox proportional hazards model showed that high grade
tumors had a significant effect on the hazard/survival in comparison with tumors of low grade (p=0.032).
Furthermore, Kaplan-Meier survival distribution curves showed that survival behavior is better in low grade
tumors and cases with negative vascular invasion. The outcomes of this study suggest that 5'-Adenosine
monophosphate activated protein kinase immunohistochemistry staining could be a supportive tool to predict

grade and prognosis of urinary bladder cancer.
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Urinary bladder carcinomas are harmful disorders
and significant bases of death worldwide!'l. In
recent study, Siegel et al.”?! stated that malignant
tumors of the urinary bladder scored six in the
directory of the most widespread tumors not
including skin cancer with approximately 81.4
thousand cancer patients recently recorded and
greater than 18 thousand related death in the
United States of America. Despite significant
improvements in tumor therapy, bladder cancer
keeps on presenting an enormous contest to
physicians because of high relapse rate. For
instance, nearly 70 % of a new registered bladder
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tumors recrudesce in 5 y, plus a huge chance of
progressing to aggressive invasive tumors®#. The
medication of carcinoma of bladder rests extremely
on the clinicopathological parameters of patients
like indications of bad or good prognosis. Existing
clinical information are still insufficient to assess
the tumor outcomes due to significant discrepancies
at the same grade or stage, commonly because of
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neoplastic cell heterogeneousness®. So, it is
significant to gain new investigational tools which
meet the requirements of clinicians for the
treatment of bladder carcinomas. Significant
efforts have been made to obtain innovative
markers to facilitate tumor identification and
prediction of prognosis, improve high risk patient
stratification and boost cancer treatment!®’. A
large amount of these existing markers was
ineffectively sensitive or specific making it
essential to explore other biomarkers which may
be more precise and better predictors of clinical
consequences. S'"-Adenosine
Monophosphate-activated protein Kinase (AMPK)
is a significant cellular sensor and regulator of
energy. It is a complex enzyme composed of 3
subunits (a is a catalyst, B and y are regulative),
every single subunit is encrypted by two or three
different genes so there is about 12 likely AMPK
isoforms in human®°. Many reports have reviewed
AMPK role in tumor growth, development and
therapy®'?l. This kinase inhibits tumor growth and
development  through  controlling  cellular
proliferation and assessing the checkpoints of the
cell cycle of tumor cells after energy resource
depletion. AMPK reacts to cellular stress by
controlling the growth of cells and synthetic
process via reducing mammalian target of
rapamycin activity and synthesis of proteins by
directly phosphorylating Raptor?®'?. Additional
anti-cancer influences of AMPK might engage
increasing deoxyribonucleic acid repair and
autophagy to correct the damage caused by
ultraviolet!'), This view was supported and
approved by some studies which showed that
AMPK activates and phosphorylate p21 and
p5304151° thus arrests cell cycle and supports the
survival of cells. In the last 5 y, two studies had
identified functional deficit of AMPK activity in
several cancers?*?!, Liu et al.?” reported that
AMPK expression was considerably found in cell
lines and malignant tissues and AMPK phenotype
has been associated with poor survival. Moreover,
data from several studies showed that AMPK
stimulates cell proliferation and glycolysis in
tumors?'??,  Nevertheless, considering some
published literature, AMPK may have a protective
function in tumor development by saving malignant
cells from toxic compound impacts, nutrient
deficiency and hypoxia. Therefore, activators of
AMPK could be risky in tumor chemotherapy!?**4,
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since they fight the growth of tumor in a few other
cancer types and presents a valuable role in tumor
therapy!?®l. Still, little is identified concerning the
clinical importance of AMPK phenotype in urinary
bladder cancer. So certain validation is needed to
clarify AMPK’s exact roles in the emergence and
evolution of bladder carcinoma. Detection of the
association between AMPK and carcinoma of
bladder may enhance people's perception of
bladder cancer and aid developing better treatment
and preventive approaches. This study aims to
describe the AMPK expression in urinary bladder
cancer and to investigate a possible association
between this expression and disease
clinicopathological factors and follow-up data to
estimate its diagnostic and prognostic usefulness.
This project was accomplished in the lab of
pathology over a period of 2 y ended on 15" Apr
2022 and was allowed by the Biomedical Ethics
Committee (Reference No 1127-13). Informed
signed consent was waived by the Biomedical
Ethics Committee as the research project used
archived material. The practices followed were
consistent with the 1975 Helsinki Declaration, as
amended in 2000. Written informed consent is
routinely obtained from all patients who underwent
a surgical procedure at our institution to use tissue
samples for lab studies. This is a retrospective
study that utilized a convenience series of tissue
samples (paraffin-embedded) of previously
diagnosed 128 bladder cancers and 23 normal
bladder mucosa, which have been gathered from
the stores of pathology department. We excluded
all cases with history of intravesical chemotherapy.
4 pm slides were prepared from paraffin tissue
blocks and stained with hematoxylin and eosin,
then were reassessed. Tumor characters and patient
clinical data (patient's age and gender, stage,
histotype of tumor, and metastasis) were collected
from the medical records unit of our university
hospital. All normal samples were obtained from
individuals who were tested for non-cancerous
diseases. World Health Organization
recommendation has been adapted in bladder
cancer staging processes. TMA was made similarly
to what we illustrated in our previous report!?,
Carcinoma samples of 128 bladder patients and
twenty-three normal mucosa samples have been
employed in this procedure. Blocks of TMA were
cut into 4 pm slides and placed on aminosilane
coated slides. This protocol has been operated
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employing autostainer (BenchMark ULTRA,
Ventana, Arizona, USA) as it has been described
earlier’”. AMPK polyclonal antibody has been
diluted to a ratio 1:100 (Santa Cruz Biotechnology,
USA) and employed in immunohistochemistry
stain, then were visualized by ULTRAVIEW TM
DAB system. Placenta specimen slide with 4 um
thickness has been employed like a positive
control. A slide handled with Tris buffer in place
of AMPK antibody was employed as a negative
control. Every case that revealed cytoplasmic
brown color in more than 5 % of malignant cells
has been counted positive. Two pathologists
analyzed immunohistochemical staining. The
number of positive cells has been approximated by
means of a semiquantitative technique in three
lenses fields of 40x. A grading protocol for
immunohistochemistry staining has been used to
measure the intensity of AMPK staining (1, 2, 3
and O for negative). Grades of staining are
displayed as two groups, negative (0) and positive
(1, 2 and 3) in the current study. All information
has been assessed employing software from
Statistical Package for Social Sciences (version
21). All outcomes have been displayed as ratios
and incidences. The relationship between bladder
carcinoma clinical parameters and AMPK
immunoexpression has been examined by chi-
square and Fisher tests. A Cox Proportional
Hazards model has been conducted to determine if
any of the clinical parameters have an important
consequence on the survival. Evaluation of
survival distributions for different intensity of
AMPK immunostaining grades has been performed
by making use of the survival curves of Kaplan
Meier. The significance level has been counted at
p less than 0.05. All 128 carcinoma cases of
bladder (105 males and 23 females) were revised.
Both males and females exhibited an almost alike
distribution pattern of immunohistochemistry
stain. Clinical data of these patients is listed in
Table 1. The commonest category of cancer was
urothelial carcinoma (82 %), then squamous
differentiation variant (13.3 %), and less frequently
squamous cell carcinoma (4.7 %). The median age
is 62 y. 118 bladder cancer cases were staged and
116 cases were graded. Overall mortalities from
cancer were 38. Muscularis propria invasion was
present in 64 cases, 19 tumors showed blood vessel
invasion, 22 tumors invaded lymph nodes and 25
tumors showed distant metastases (Table 1).
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AMPK has been found downregulated during the
evolution of malignancy, it was present in 106
(82.8 %) bladder carcinomas of which 98 (92.5 %)
cases revealed weak immunostaining (fig. 1A-fig.
1C). Approximately 68 % of malignant tumor
displayed brown color in more than 50 % of the
malignant cells. On the other hand, 5 (21.7 %)
cases of normal bladder mucosa showed weak
AMPK expression and 18 (78.3 %) cases revealed
moderate to strong staining. All positive stained
cases of both malignant tumors and control groups
showed nuclear and cytoplasmic staining. AMPK
immunohistochemical staining has been found
significantly associated with the grade of urinary
bladder tumors, i.e., AMPK expression is
significantly more prevalent in low-grade cancers
of the bladder (p=0.035) (Table 1). A significant
portion of low-grade carcinomas showed low
AMPK staining grades, while strong staining of
AMPK was present in only 5 (11 %) cases of low-
grade tumors. More than 90 % of bladder
carcinomas, which did not show muscularis propria
invasion (non-muscle invasive bladder cancer)
expressed AMPK, however, no significant
association was observed between muscular
invasion and AMPK expression (p value=0.146).
Regarding the histologic type of bladder cancer,
almost 85 % of urothelial carcinoma cases were
observed to have positive AMPK expression, but
the variance was of no statistical significance (p
value=0.219). No significant association was
observed between stage, lymph node involvement,
vascular invasion, metastasis and AMPK
expression (Table 1). A Cox proportional hazards
model has been conducted to decide which
clinicopathological variables have a significant
effect on the hazard/survival. The outcomes were
not important according to an alpha of 0.05,
p=0.581, showing AMPK, gender, age, muscular
invasion, histologic type of cancer, stage, lymph
node, vascular invasion and metastasis were not
able to adequately predict the hazard/survival.
However, only survival distribution of cases with
high grade is considerably different in comparison
with cases of low grade (p=0.032). Kaplan Meier
survival curves exhibited that the survival behavior
is better in bladder cancer cases with low-grade
and no vascular invasion (fig. 2). Carcinoma of
bladder still counted as a serious task to doctors
due to bad prognosis and large relapse rate
irrespective of substantial developments in tumor
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diagnosis and treatment™*. At the present time,
there is neither a particular marker that can foresee
the consequences of bladder carcinoma, nor
biomarkers developed from the bladder carcinoma
pathogenesis could be appreciated to identify
those at risk for cancer development. In the last
two decades, great considerations have been given
to the significant function of AMPK in malignant
tumors. AMPK works as a tumor suppressor that
defends against the development of cancer; this
role of anti-cancer is enriched by the activator of
AMPK (biguanide phenformin)?®2¥). Other studies
suggested that as soon as the tumor has evolved,
AMPK converts to act as a tumor promoter that
protects tumor cells and enhance their survival,
thus promoting tumor formation, by defending
against genotoxic, oxidative and metabolic
stresses?”%. Investigating the AMPK association
with the risk of carcinoma is of great importance.
The data collected from previous studies draw
attention to AMPK as a main controller of the
metabolism of energy, AMPK supports producing
energy and inhibits consumption pathways of
energyl'#2. This molecule also triggers arrest of
cell cycle, induces apoptosis and controls growth
rate of tumorB*), However, some studies reported
that the AMPK role is still debatable and requires
further investigation because they found that
AMPK was overexpressed in tumors of various
organs, including breast!??, lung!**) and prostate!'¢l.
Furthermore, AMPK acted as a suppressive
molecule of tumor and was correlated with better
prognosis and concluded that this molecule could
be utilized as a predictive marker and therapeutic
target(!>222334 While other studies, including
present one showed decreased expression of
AMPK in some tumors including urinary bladder
cancer. They also found a significant association

between AMPK phenotype and some clinical
parameters like stage and grade, lymph node
metastases, blood vessel invasion and tumor
relapse which gives sign for bad clinical
consequences®*%. The observations of the present
study are consistent with the findings of some
reportsB®¥41 which described decreased level of
AMPK expression in urinary bladder cancer. Also,
the current findings are in alignment with the
results of other studies which reported that the
presence of AMPK expression considerably shows
better prognosis and survival in malignant
tumorst*.  Accordingly, proposing that AMPK
reactivation might show a possible therapeutic
usefulness in urinary bladder cancer like breast
cancer!??l, The disparities between the present
report and earlier ones could be clarified by the
methods sensitivity, variance between patients,
and sample size differences. Still more inclusive
investigations are indisputably of big value for
evaluating the capabilities of this marker to
diagnose carcinoma of bladder and to predict its
prognosis. The present report and other studies,
which slowed the significance of AMPK expression
in predicting the prognosis of tumors, had some
weak points, for example a relatively insignificant
sample size employed in these studies and
immunostaining semi-quantitative analyses. In
summary, our findings showed that the positive
immunohistochemistry staining of AMPK was
significantly correlated with low grade urinary
bladder cancer. The association of AMPK with
some clinical data proposes the engagement of this
marker in bladder tumor progression. The outcomes
of  this study suggest that AMPK
immunohistochemistry staining could be a
supportive tool in predicting grade and prognosis
of urinary bladder cancer.

TABLE1:DISTRIBUTION OF VARIOUS CLINICOPATHOLOGICALVARIABLESWITHAMPKIMMUNOSTAINING

IN URINARY BLADDER CANCER

AMPK expression in urothelial cells

Negative Positive p value
n (%) n (%)

Gender Female 4 -17.4 19 -82.6 0.999
Male 18 -17.1 87 -82.9

Age at diagnosis (y) <60y 8 -15.4 44 -84.6 0.812
260y 14 -18.4 62 -81.6

Histologic type of tumors Urothelial carcinoma 16 -15.2 89 -84.8 0.219
Squamous differentiation 4 235 13 -76.5

variant
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Squamous cell carcinoma 2 -33.3 4 -66.7
Stage 0 1 -4.8 20 -95.2 0.086
| 3 -9.7 28 -90.3
Il 8 -22.2 28 -77.8
1 0 0 7 -100
\% 7 -30.4 16 -69.6
Undecided 3 -30 7 -70
Grade High grade 12 -18.2 54 -81.8 0.035
Low grade 5 -10 45 -90
NA 5 -41.7 7 -58.3
Muscular invasion MIBC 14 -21.9 50 -78.1 0.146
NMIBC 4 -8.7 42 -91.3
Undecided 4 -22.2 14 -77.8
Lymph node No 16 -15.1 90 -84.9 0.212
Yes 6 -27.3 16 -72.7
Vascular invasion No 18 -16.5 91 -83.5 0.742
Yes 4 -21.1 15 -78.9
Metastasis No 16 -15.5 87 -84.5 0.366
Yes 6 -24 19 -76

Note: NA: Undetermined grade; NMIBC: Non-Muscle Invasive Bladder Cancer and MIBC: Muscle Invasive Bladder Cancer

Fig. 1: AMPK immunohistochemistry staining patterns in bladder cancer.
Note: A: Negative AMPK staining in bladder cancer (10 X); B: Weak AMPK staining in malignant urothelium of bladder cancer
(10 X); C: Moderate to strong AMPK staining in malignant urothelium of bladder cancer (10 X)
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Fig. 2: Kaplan Meier survival curves by patterns of AMPK immunostaining shows survival behavior is better in bladder cancer
cases with low-grade and no vascular invasion

Note: AMPK: (— ): Negative; (- -): Positive; Muscular invasion: (—): MIBC; (- -): NMIBC; (----- ): Undecided; Histotype
of cancer: (— ): Squamous; (- -): Transitional; (----- ): Transitional/Squamous; Stage: (—): 0a; (= =): I; (----- ) Il (---):
III; (= = ): IV; (---): Undefined; Grade: (—): Low-grade; (- - ): High-grade; (----- ): NA; Vascular invasion: (— ): No and
(- -): Yes
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