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Abstract:

Background: Adrenal tumors affect 3-10% of world population.
Aguaporin2 is water channel protein that is widely distributed
among mammalian tissues and plays a major role in water
homeostasis. However, little is known about the expression and
significance of AQP2 in human adrenal tumors. Aim: To
evaluate the diagnostic significance of expression of AQP2 in
primary adrenal gland tumors and correlate the results with
different clinico-pathological variables. Material and Methods:
This is a retrospective, selected, controlled study carried on 44
adrenal gland lesions included (14) adrenocortical adenoma, (10)
adrenocortical carcinoma and (20) pheochromocytoma.
Clinicopathological characteristics of examined cases were
correlated with the IHC expression of Aquaporin2. Results:
Positive IHC expression of AQP2 was detected in 100%, 40%
and 35.7% of studied cases of pheochromocytoma, ACA and
ACC cases respectively. Among pheochromocytoma, 15% the
cases show focal expression (+1), 40% of cases show
intermediate expression (+2) and 45% of cases show diffuse
expression (+3). Sensitivity and specificity of AQP2 in diagnosis
of pheochromocytoma were 100% and 87.5% respectively.
Conclusion: The results suggested that AQP2 is a diagnostic
marker of pheochromocytoma and can differentiate it from
adrenocortical adenoma and adrenocortical carcinoma but cannot
differentiate between both adrenocortical adenoma and
adrenocortical carcinoma.
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Introduction

The adrenal gland is a composite of two
endocrine organs, one mesodermal derived
(cortex) and the other neuroectodermal
derived (medulla) @,

According to 2017, WHO classification of
tumors of the adrenal cortex; it is classified
as ACA, ACC, sex cord stromal tumors,
adenomatoid tumor, mesenchymal and
stromal  tumors  (myelolipoma and
schwannoma), hematological tumors, and
secondary tumors @,

The tumors of adrenal medulla: it is
classified as Pheochromocytoma, Extra
adrenal  paraganglioma,  Neuroplastic
tumor of the adrenal gland, Composite
pheochromocytoma  and  Composite
paraganglioma .

In Egypt, benign tumors of adrenal gland
were constituting 9.01% of all suprarenal
lesions and adrenocortical adenoma
constitutes 40.48% of benign tumors of
adrenal gland®.

Adrenal cortical carcinoma (ACC) is a rare
cancer but it is the most common primary
cancer in the adrenal gland ©®- The
incidence of ACC is ~1 case per 1 million
person-years in the general population ©.
In Egypt, primary malignant suprarenal
tumors  represented 0.67% of all
malignancy at National Cancer Institute
(NCD), adrenocortical carcinoma
represented 11.15% @,
Pheochromocytomas are rare tumors, with
an annual incidence of 2 to 9.1 per 1
million adults and may correspond up to
60% of all adrenal incidentalomas
(epinephromas) . Pheochromocytoma
accounts 23.8% Of suprarenal gland lesion
in Egypt @.

Aquaporin2 is a typical water channel
protein that plays an essential role in fluid
homeostasis in normal tissues. Aquaporin2
was originally identified in the renal
collecting duct cells, where it functions as
the vasopressin-sensitive water channel. Its
expression also has been reported in
pancreatic  islets, fallopian  tubes,
peripheral/central nerves, and
gastrointestinal tissues ©.

Aquaporins not only play important roles
in fluid transport in many epithelial and
endothelial ~ tissues, but they also
participate in the regulation of important
cellular ~ functions, including  cell
proliferation, migration, apoptosis,
phagocytosis and  neuronal  signal
transduction. In neoplastic tissues, AQP
subtypes were involved in invasion,
migration, and proliferation of tumors in
several organs, including; skin, urinary
bladder, stomach, colon and kidney ©
Little studies made on adrenal tumor in
Egypt, so, we aimed in this study to assess
the diagnostic role of AQP2 in adrenal
tumors.

Material and Methods:

This is a retrospective, selected, controlled
study carried on formalin-fixed paraffin-
embedded biopsy specimens from 44
different cases of adrenal gland lesions
designated as; 14 cases of adrenocortical
adenoma, 10 cases of adrenocortical
carcinoma, 20 cases of pheochromocytoma
and Six cases of apparently normal
adrenal tissue- were taken as a control.
Specimens collected from National Cancer
Institute (NCI) and Pathology Department
at Benha faculty of Medicine, during the
period from January 2011 to December
2020.

Inclusion criteria: Cases with available
clinicopathological data regarding age,
sex, laterality, tumor size, tumor weight,
primary tumor(T), grade, lymph node
status, distant metastasis and stage.
Exclusion criteria: Cases with no
available paraffin blocks or
clinicopathological data- were excluded
from the current study.

The Ethics Committee of Faculty of
Medicine, Benha University, Egypt
approved this study, code (MS 26-12-
2020).

The Weiss criteria were used to classify
adenomas and carcinomas  (Weiss
score >3 indicates a diagnosis of ACC)
19, The grading system uses the cut-off of
20 mitoses per 10 mm? to distinguish low-



and high-grade ACC. Low-grade ACC has
a mitotic activity <20 mitoses per 10 mm?,
whereas high-grade  ACC  shows > 20
mitoses per 10 mm2 @Y, The PASS score
and the GAPP were used to assess
metastatic potential of
pheochromocytoma (PASS >4: considered
for malignancy) 2. Lymph node status
was evaluated and ENSAT staging system
was applied to the ACC and
pheochromocytoma cases according to
AJCC, 8th edition ¥,

Histopathological Analysis:

Formalin fixed /Paraffin embedded blocks
were cut at 5 pum thickness and stained
using hematoxylin and eosin stain. Two
observers reviewed the microscopic
sections from all the cases.

Aquaporin2 Immunohistochemical
Study:

For immunohistochemical staining, two
positive slides were prepared:

1.

Slides were immune-stained
according to manufacturer's
instructions  with  AQP2 rabbit
polyclonal antibody (Chongging,

YPA2280, China) at a dilution of
1:50, at room temperature, overnight.
Immunodetection was carried out
using a standard labeled streptavidin-
biotin system (Genemed, CA 94080,
USA, South San Francisco). Antigen
retrieval was done by using 10
mmol/L citrate monohydrate buffers
(pH 6.0) and heating for 15 minutes in
the microwave. The chromogen
diaminobenzene (DAB, Envision TM
Flex /[HRP-Dako, REF K 8000) used-
was freshly prepared. The counter
satin was Mayer's hematoxylin.
Normal renal tissue used as an
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external positive control ¥, For
negative control, primary antibody
was replaced by Phosphate- buffered
Saline.
Immunohistochemical interpretation:
Positivity for AQP2 was detected as
positive cytoplasmic brownish staining
without nuclear staining in tumor cells @4,
Immunoreactivity was  assessed by
evaluating the extent of the stained cells,
as regard for the extent of staining and
percentage of positive cells was scored as:
0, negative; +1, focal (1% to 9%)positive
cells; +2, intermediate (10% to
50%)positive cells; +3, diffuse (more
than 50%) positive cells %),
Statistical analysis:
The data were gathered, tabulated and
statistically analyzed using the computer
program SPSS (Statistical package for
social science) version 26 (SPSS Inc.,
Chicago, IL, USA). P value was
statistically significant when <0.05 and
highly significant when <0.001. Receiver-
operating characteristic (ROC) curve was
used to estimate the sensitivity and
specificity of AQP2 in diagnosis of
adrenal gland tumors.

Results:

Clinicopathological results:

The age distribution of the studied cases
ranged from 19 to 85 years, (Table 1).
Immunohistochemical results:
Aquaporin2 was detected as brownish
cytoplasmic or membranous staining,
(Figure 1).

A statistically significant relation was
found between AQP2 expression and
studied cases (P =<.01), (Table 2).

Table (1): Patients' clinicopathological data (Age, tumor size and tumor weight) in studied of

ACA, ACC and pheochromocytoma cases:

Parameter ACA ACC Pheo. P.value
Age(mean = SD) 4990+ 134 58.30 £3.4 446 £17.1 0.3
Tumor size (mean £ SD) 5.10+1.9 12.70+3.3 51+2.4 <0.001**
Tumor weight (mean = SD) 32.8 £10.1 321 £140.3 242.4 £409.9  0.04*

N, number; + SD, standard deviation; ** highly significant, * significant.

DOI: 10.21608/bmf}.2024.237566.1903
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Table (2): Immunohistochemical expression of AQP2 in different adrenal tumor studied

cases:
Total Aguaporin2 expression p-value
0 +1 +2 +3

Study group N (%) N (%0) N(%0) N(%0) N (%)
Adrenocortical adenoma 14 (31.8%) 9(64.3%) 5(35.7%) O 0
Adrenocortical carcinoma  10(22.7%)  6(60%) 4(40%) 0 0
Pheochromocytoma 20(45.5%) O 3(15%) 8(40%)  9(45%) <0.001**
Total 44 (100%) 16(35.5%) 12(26.7%) 8(17.8%) 9 (20%)

N: Number, **: highly significant

Figure (1): (A) Normal adrenal gland, cortical cells showing negative expression of
AQP2(black arrow), medullary cells s showing positive diffuse cytoplasmic expression of
AQP2(white arrow) (IHC, X400) (B) pheochromocytoma showing diffuse positive
cytoplasmic expression of AQP2 (score+3)( IHC, X200) (C) Adrenocortical adenoma
showing negative expression of AQP2 (Score0) (IHC, X400).(D) Adrenocortical adenoma
showing positive focal membranous expression of AQP2 (Scorel) (IHC, X400). (E)
Adrenocortical carcinoma show negative expression of AQP2 (Score0) (IHC, X400) (F)
Adrenocortical carcinoma showing focal positive cytoplasmic expression of AQP2 (Scorel)
(IHC, X400)



A statistically insignificant relation was
found between AQP2 expression in both
ACA and ACC(P=0.8), so, AQP2 cannot
differentiate between both of them, (Table
3).

A statistically significant relation was
found between AQP2 expression and
primary tumor and stage of the studied
adrenocortical carcinoma cases (P value
<0.05) in ACC, (Table 4).

A statistically significant relation was
found between AQP2 expression and
tumor size (P value <0.05) in studied
pheochromocytoma cases. A significant
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statistically relation was found between
AQP2 expression and necrosis, diffuse
growth, vascular invasion and capsular
invasion in studied pheochromocytoma
cases (P value<0.05), (Table 5).

The diagnostic accuracy of Agquaporin2
expression for differentiating between
pheochromocytoma from ACA and ACC-
was determined by using ROC Curve,
(Figure 2).

Sensitivity and specificity of AQP2 in
differentiating pheochromocytoma from
ACA and ACC were 100% and 87.5%
respectively, (Table 6).

Table (3): Comparison of Aquaporin 2 expression in studied adrenocortical adenoma and

carcinoma cases:

Aquaporin2 expression p-value
0
No. % %
Carcinoma 6 60.0% 40.0% 0.8
Adenoma 9 64.3% 35.7%
Total 15 62.5% 37.5%

s #
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Figure (2): ROC curve for AQP2 expression as diagnostic tool for pheochromocytoma. The
area under the curve represents an optimal statistic for comparing the sensitivity and
specificity of AQP2 for differentiating between adrenocortical adenoma, adrenocortical

carcinoma and pheochromocytoma.
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Table (4): Comparison of AQP2 expression with different histopathological features in

studied adrenocortical carcinoma:

0 +1 Total p-value
(n=6) (n=4)
Weiss Low 3 75% 1 25.0% 4 40.0% 0.52
score High 3 50% 3 50.0% 6 60.0%
T T2 0 0% 3 100% 3 30.0% 0.036*
N&% T3 2 100% O 0.0% 2 20.0%
T4 4 80% 1 20.0% 5 50.0%
N NO 3 50% 3 50.0% 6 60.0% 0.42
N&% N1 3 75% 1 25.0% 4 40.0%
M MO 4 50% 4 50% 8 80.0% 0.19
N&% M1 2 100% O 0.0% 2 20.0%
Stage I 0 0% 3 100% 3 (30%) 0.036*
N&% " 4 50% 1 20% 5 (50%)
1\ 2 100% O 0% 2 (20%)

N, number, * significant.

Table (5): Comparison between AQP2 expression in studied pheochromocytoma cases
according to tumor size and PASS score criteria:

Aquaporin 2 expression p-value
1+ 2+ 3+

Tumor size (cm) (mean £ SD) 4.20+1.79 4.43+2.15 6.67+1.04 0.02*

Periadrenal adipose Present 0 0 0 0 0 0 --

invasion absent 3 15% 8 40% 9 45%

Mitosis  more  than absent 2 13.5% 6 37.5% 8 50% 0.6

3/10HPF Present 1 25% 2 50% 1 25%

Atypical mitosis absent 2 11.7% 7 412% 8 47.1% 0.6
Present 1  33.3% 1 333% 1 33.3%

Necrosis Absent 1 7.1% 8 57.1% 5 35.7% 0.04*
Present 2  33.3% 0 0.0% 4  66.7%

Cellular spindling Absent 3 16.7% 7  38.9% 8 44.4% 0.8
Present 0 0% 1 50% 1 50%

Marked nuclear Absent 0 0% 3 50% 3 50% 0.5

pleomorphism Present 3 21.4% 5 35.7% 6 42.9%

Cellular monotony Absent 2 15.4% 5 38.5% 6 46.1% 0.5
Present 1 14.2% 3 42.9% 3 42.9%

Large nests or diffuse Absent 3 18.7% 4  25% 9 56.3% 0.02*

growth pattern Present 0 0% 4 100% 0 0%

High Cellularity Absent 3 18.7% 6 37.5% 7 43.8% 0.6
Present 0 0% 2 50% 2 50%

Capsular invasion absent 1 7.1% 8 57.1% 5 35.7% 0.04*
Present 2  33.3% 0 0.0% 4  66.7%

Vascular invasion absent 1 7.1% 8 57.1% 5 35.7% 0.04*
Present 2 33.3% 0 0.0% 4 66.7%

Hyperchromosia Absent 2 11.7% 7 41.2% 8 47.1% 0.6
present 1 33.3% 1 33.3% 1 33.3%

+ SD, standard deviation *significant.
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Table (6): The sensitivity, specificity, accuracy rate, positive predictive value, and negative
predictive value of AQP2 in studied pheochromocytoma cases.

Area p-value Sensitivity Specificity PPV NPV
0.979 .000 100 83.3 100
Discussion: Aquaporins not only play important roles

The management of adrenal tumors is
quite challenging, mainly due to their
growing frequency, diagnostic complexity,
and limited availability of treatment option
for adrenocortical carcinoma (ACC) 9.
The occurrence of adrenal incidentaloma
(Al) in computed tomography series is
approximately 5%. Whereas about 80% of
cases are benign adenomas. More complex
lesions such as adrenocortical carcinoma
(ACC) or pheochromocytoma- are rarely
diagnosed at a rate of about 5% each (9,
The most common problem encountered in
the diagnosis of ACC is the differentiation
pheochromocytoma from ACC. Other
diagnostic ~ pitfall  includes  adrenal
adenomas 7).,

Chromogranin A is the most specific
marker for diagnosis of
pheochromocytoma (8. However,
chromogranin is also marker for epithelial
neuroendocrine tumors (eNETs), and
sometimes lead to misdiagnosis ®. The
sensitivity of chromogranin A was only
89% of pheochromocytoma cases .
Synaptophysin is also one of most
common marker used in diagnosis of
pheochromocytoma. Although
synaptophysin is usually positive in
pheochromocytoma,  diffuse  positive
synaptophysin staining can also be seen in
adrenal cortical carcinoma which is the
most significant differential diagnosis of
adrenal pheochromocytoma ®. So, novel
diagnostic biomarkers are needed to
overcome this challenge .

Aquaporin2 is a member of the aquaporins
(AQPs) which are a family of small
membrane proteins (25~34 kDa) of 13
subtypes (AQPO-AQP12) that serve as
hydrophobic and integral membrane
channel proteins that facilitate rapid
passive movement of water ©,

DOI: 10.21608/bmf}.2024.237566.1903

in fluid transport in many epithelial and
endothelial ~ tissues, but they also
participate in the regulation of important
cellular ~ functions, including; cell
proliferation, migration, apoptosis,
phagocytosis and  neuronal  signal
transduction.  In  neoplastic  tissues,
Aquaporin subtypes were involved in
invasion, migration, and proliferation of
tumors in several organs, including skin,
urinary bladder, stomach, colon and
kidney ©.

Concerning AQP2 IHC expression in this
study, 64.3% and 60% of the studied cases
of ACA and ACC, respectively showed
negative AQP2 IHC expression.  This
result was close to previous study which
reported that AQP2 immunohistochemistry
was negative in adrenocortical adenoma
and adrenocortical carcinoma 4,

This can be explained by AQP2 protein
expressed in normal adrenal medullary
cells but not in adrenal cortical cells 4.
It has been confirmed that AQP2 is linked
to vasopressin-stimulated water
reabsorption in kidney @Y. From this point
of view, it is conceivable that AQP2 in
adrenal medullary cells may play an
important role in water homeostasis and
other biological functions.

In this work, AQP2 showed decrease
expression in  both  adrenocortical
adenoma, adrenocortical carcinoma and
cannot differentiate between both of them.
This finding was in parallel with previous
study which studied the expression of
AQP2 in different renal cell tumors and
showed that AQP2 was negative in both
benign  renal cell tumor  (renal
oncocytoma)  and malignant  one
(chromophobe renal cell carcinoma) and

cannot differentiate between both of them
(22)
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As regards AQP2 IHC expression in this
study, 35.7% and 40% of studied ACA
and ACC cases, respectively showed focal
positive cytoplasmic or membranous
expression while 100% of
pheochromocytoma  showed  positive
AQP2 expression (15% the cases of
pheochromocytoma show focal expression
(+1), 40% of cases show intermediate
expression (+2) and 45% of cases show
diffuse expression (+3). A high significant
statistical difference between cortical
tumors and pheochromocytoma regarding
AQP2 IHC expression (P =<0.001) was
found.

This may be explained by the distinctive
embryonic  origins of the medulla
(neuroectodermal) and cortex
(mesodermal) of the adrenal gland. Thus,
these findings also suggested that AQP2
expression may reflect the origin of
adrenal gland tissues 4"

Regarding this study, AQP2 showed focal
expression in cases of adrenocortical
adenoma this was in agreement with
previous study which studied the
expression of AQPs in benign ovarian
tumors and explained this result by that
AQPs family may increase the
permeability of tumor epithelial cells and
vessels to water and increase the transport
of water @®.

In the current study, 40% of studied ACC
cases showed focal cytoplasmic or
membranous AQP2 expression. This
finding agreed with previous study which
reported that AQP2 expression was
decreases in RCC @4, Li et al., ®.also
studied AQP2 in renal cell carcinoma and
reported that AQP2 is low expressed in
renal cancer. They explained this result by
that increasing expression of AQP2
inhibiting EREG, EGFR and inhibiting the
activation of downstream  signaling
pathways PI3K/AKT and RAS/ERK ),
Regarding studied adrenocortical
carcinoma cases in this study, there was
inverse significant statistical relation
between AQP2 expression and advanced
stage. This finding was in agreement with

previous study which reported that with
the promotion of RCC staging, the
expression of AQP2 reduced gradually ¢4,
Also, previous study has reported that
increasing the expression of AQP2
decreasing growth and proliferation of
tumor cell in RCC by cell cycle arrest in S
and G2 phase and promoting apoptosis ).
This study also revealed inverse significant
statistical ~ relation  between  AQP2
expression in studied adrenocortical
carcinoma cases with increased primary
tumor (T). This finding was in agreement
with who has reported that knockdown of
AQP2 significantly increased RCC cell
proliferation and migration by promoting
cell cycle arrest in G1 phase and
promoting apoptosis .

In the present study, there was significant
statistical relation between tumor size of
studied pheochromocytoma cases and IHC
expression of AQP2 and tumor size (p
value 0.02) as we revealed diffuse
expression pattern of AQP2 were larger in
diameter than those displaying focal or
intermediate expression patterns. This
finding was in agreement with Niu et al.,
14) by as it is reasonable to suggest that
AQP2 may be associated with the growth
and/or proliferation of PCCs, and the
present findings confirmed our speculation
that AQP2 participates in the biological
metabolism of water in the tumors 4

In our study, AQP2 showed significant
statistical correlation with some of PASS
score parameter as necrosis, diffuse
growth pattern, capsular invasion and
vascular invasion (P value<0.05) in
studied pheochromocytoma cases. This
can be explained that each type of AQP
can participate as an important player
during  human  carcinogenesis by
facilitating proliferation, cellular migration
with  accompanying invasion, and
metastasis in addition to drug resistance
and potential prognostic markers in
specific cancer type(s) ?®. This suggests
that AQP2 has an important role invasion,
migration and metastasis of
Pheochromocytoma and poor prognosis.



In the current study we performed
sensitivity and specificity tests for AQP2
and found that the sensitivity and
specificity of AQP2 in diagnosis of
pheochromocytoma were 100% and 87.5%
respectively. So, AQP2 is highly
diagnostic for pheochromocytoma

Conclusions:
Aquapporin2 is excellent diagnostic
marker for pheochromocytoma.

Aquapporin2 may help to differentiate
pheochromocytoma from adrenocortical
adenoma, and adrenocortical carcinoma.
Aquaporin2 cannot differentiate between
both  adrenocortical adenoma  and
adrenocortical carcinoma.

Conflicts of interest: No conflicts of
interest.
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