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Abstract

Background/Aim: The HER2 oncoprotein is a membrane-associated receptor with tyrosine kinase activity that is
overexpressed in several solid tumors and is associated with poor prognosis. However, its role in renal cancer remains
unclear. This study aimed to evaluate HER2 expression in renal cell carcinoma and its relationship with prognostic factors.
Materials and Methods: A total of 110 renal epithelial tumor samples were analyzed. Immunohistochemistry and
immunofluorescence were performed using antibodies against HER2, hypoxia-inducible factor a (HIF1a), and EPAS1.
Associations with clinicopathological parameters were evaluated using the Chi-square test.

Results: Renal cell carcinoma occurred predominantly in males and was associated with larger tumor size. HER2
expression was detected specifically in the clear cell renal cell carcinoma (ccRCC) subtype. Membranous HER2
expression was positive (3+) in 32% of cases and equivocal (2+) in 47%. Nuclear HER2 localization was observed in
33% of tumors. Membranous HER2 expression was associated with EPAS1/HIF2 expression, whereas nuclear HER2
expression was associated with higher Fuhrman nuclear grades (I11-1V). Membranous HER2 was detected in both early
(stage I) and advanced clinical stages (I11-1V).

Conclusion: HER2 expression in ccRCC occurs in both membranous and nuclear compartments. Membranous HER2 is
associated with EPAS1/HIF2 signaling, whereas nuclear HER2 localization correlates with higher Fuhrman nuclear
grades. These findings suggest that HER2 may represent a potential therapeutic target and that its nuclear localization
may serve as a marker of poor prognosis.
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Introduction

The HER2 receptor is a 185 kDa membrane-associated
protein with tyrosine kinase activity and extensive
homology to the epidermal growth factor receptor
(EGFR). Itis involved in tumor cell proliferation, adhesion,
apoptosis, differentiation, angiogenesis, and migration.
Deregulation, increased expression, or mutation of HER2
has been associated with neoplastic processes (1, 2).
These alterations promote receptor dimerization, which
activates signaling pathways and triggers specific cellular
responses through intracellular signaling cascades (3).

Increased HER2 expression correlates with unfavorable
prognosis in several solid tumors and is widely used as a
molecular marker (4). Studies in different types of human
neoplasia have reported HER2 overexpression in
approximately 38% of gastric carcinomas, 20-30% of
breast cancers, 20% of cervical cancers, 15% of ovarian
cancers, and 18% of colorectal cancers (5-7). In breast
cancer, where membranous HER2 is used as a therapeutic
target, nuclear localization of HER2 has also been described
in HER2-negative tumors, showing strong oncogenic
activity and contributing to resistance to treatment (8).

Renal cell carcinoma (RCC) comprises several histological
subtypes, of which clear cell renal cell carcinoma (ccRCC) is
the most prevalent. RCC is characterized by highly activated
angiogenesis associated with alterations in the VHL and
BAP1 genes. Loss or mutation of the VHL gene leads to the
accumulation of hypoxia-inducible factors (HIFs) and,
indirectly, to overexpression of genes such as the
erythropoietin receptor, even under normoxic conditions
(9-11). Among the epidermal growth factor receptor family
members, EGFR has been reported to be expressed in RCC;
however, the expression and role of HER2 remain unclear (9,
5,12,13).

Although tumor stage is the main prognostic factor in
ccRCC, due to the absence of reliable molecular markers,
the Fuhrman nuclear grading (FNG) system is commonly
used to guide clinical management and patient follow-up
(14, 15). This classification system is based on the
histological evaluation of nuclear abnormalities and has

strong prognostic value in RCC. It stratifies tumors into
four Fuhrman grades (FNG 1-4), which correlate with
survival, recurrence, and the probability of metastasis,
with FNG-4 associated with the worst prognosis (16, 17).

Based on these observations, we hypothesize that the
HER?2 receptor may be involved in kidney cancer progression
and treatment resistance. Therefore, the aim of this study
was to evaluate whether HER2 could serve as a molecular
marker in kidney cancer by analyzing HER2 expression and
its relationship with established prognostic factors.

Materials and Methods

Patient samples. A retrospective study was conducted
between 2019 and 2025 on 110 samples of renal epithelial
tumors, including normal kidney tissue (non-tumoral),
oncocytoma (benign tumor), and RCC. All samples were
formalin-fixed and paraffin-embedded and were obtained
from the Pathology Departments ofJ.R. Vidal Hospital and
José de San Martin Teaching Hospital, located in Corrientes
Province, Argentina. Cases presenting necrosis greater than
30%, extensive hemorrhage, insufficient sample size, or
incomplete clinical data were excluded. Epidemiological,
clinical, and pathological information was collected using
a standardized data collection form.

Ethical considerations. The study was conducted in
accordance with the principles of the Declaration of
Helsinki. Ethical approval was obtained from the
Institutional Research Ethics Committee of Hospital
Universitario “J.R. Vidal” - Universidad Nacional del
Nordeste (J.R. Vidal University Hospital - National
University of the Northeast). The study was approved
under the protocol titled “Estudio de los mecanismos
moleculares del oncogén ErbB2 en relacion a otros ErbBs
en el carcinoma de células renales”. The committee does
not assign numerical reference codes to its approvals.
Written informed consent was obtained from all
participants in accordance with Argentine Law No. 25,326
on Personal Data Protection. Each participant received the
informed consent form for the use of human biological
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material and/or clinical data for scientific research prior
to sample collection.

Informed consent was obtained from all subjects
involved in the study, in accordance with Law No. 25,326
on Personal Data Protection. Each participant received the
Informed Consent Form for the Use of Human Biological
Material and/or Clinical Data for Scientific Research, and
written consent was obtained prior to sample collection.

Immunohistochemical study. Two-micron sections were
obtained from formalin-fixed, paraffin-embedded tissue
blocks. After deparaffinization and rehydration in xylene
and graded alcohols, antigen retrieval was performed
using proteinase K (Bio basic PB0451, Markham, Canada)
at pH 8 (10 pg/ml). Sections were incubated overnight
with the following primary antibodies: ErbB-2 (HER2)
3B5 antibody (Thermo Fisher Scientific, Waltham, MA,
USA, Cat# MA5-13675, RRID: AB_10985617), c-erbB-2
oncoprotein antibody (Agilent DAKO, Santa Clara, CA, USA,
Cat# A0485, RRID: AB_2335701), HIF1a antibody (Santa
Cruz Biotechnology, Dallas, TX, USA, Cat# sc-8711, RRID:
AB_2116993), and EPAS-1 antibody (Santa Cruz
Biotechnology, Cat# sc-13596, RRID: AB_627525).

Samples were incubated with anti-mouse/anti-rabbit
secondary antibodies followed by streptavidin
(Vectastain® Elite® ABC Universal Kit PK-7200, Vector
Labs, Newark, CA, USA). Signal detection was performed
using DAB (substrate kit, Cell Label 957D-20, Cell Marque,
Darmstadt, Germany) and sections were counterstained
with hematoxylin (GILL II, Biopack solution 9491.07,
Buenos Aires, Argentina).

Immunofluorescence (IHF). Sections were incubated with
recombinant rabbit anti-mouse IgG secondary antibody
Alexa Fluor™ Plus 488 (green) (Invitrogen, Carlsbad, CA,
USA). Slides were mounted using ProLong™ Gold Antifade
Mountant with DAPI (p36941) Invitrogen, California, USA
for nuclear staining. A breast cancer tissue sample was used
as a positive control for HER2. Negative controls (without
primary antibody) were included in each experiment.
Immunostaining was evaluated independently by

Table 1. Distribution of renal carcinoma in the study population.
Distribution of renal carcinoma 110 cases according to sex, age group,
and tumor anatomical location.

Distribution according to age range and sex

Age range Female Male? p-Value
20-29 1 1 >0.5
30-40 2 4 0.01
41-50 6 12 0.01
51-60 10 19 0.01
61-79 15 35" 0.01
Distribution according to sex and location

Sex No data Right Left p-Value
Female 2 19 15 >0.5
Male 3 35 36 >0.5

aStatistically significant differences were assessed using a t-test
(*p=0.01).

observers blinded to clinicopathological data. Interobserver
agreement was assessed using the kappa coefficient
(k=0.616), indicating good agreement. Discrepancies were
resolved by joint review. Each slide was examined under a
light microscope at 400x magnification, focusing on areas
with the highest proportion of positively stained tumor
cells. A minimum of 100 cells per sample was evaluated.
Membranous HER2 expression was scored according to the
American Society of Clinical Oncology/College of American
Pathologists (ASCO/CAP) guidelines used for breast cancer
(18). Nuclear HER2 expression was evaluated using the
scoring system described by Schillaci, et al. (19).

Data analysis. Clinical and epidemiological data were
analyzed using GraphPad Prism 6 and SPSS software.
Associations between variables were evaluated using
the chi-square test. A p-value <0.05 was considered
statistically significant. Microsoft Excel was used for
graphical data representation.

Results

The distribution of renal cancer in our population was
analyzed. Table I shows a significant difference according

651


https://www.google.com/search?sca_esv=56156ec590014018&sxsrf=ANbL-n7iJ0-HdcKVROgarm3av9W5tvvnYQ:1776689232423&q=Dallas&si=AL3DRZHmwLjWhgnaPB3UTu10R6S5qNLXiQiKMeezfKyB1FMsRkxl9hzg4wRpcp_DQX83_Jm54xg3qgM83ReQIZOk7_N1WyxgEj_lngpGcnwlsTkiJRIKvvr9DvoyDmAVQ0xuF8HigQMpvgK30RJ13XLn0GcDdNhipDq8UFckjHgIIRb1huf7Z41-8JMKAXSchklkJ9iK9xM_&sa=X&ved=2ahUKEwjhscyUu_yTAxWRIbkGHeBkAKwQmxN6BAgsEAI

CANCER DIAGNOSIS & PROGNOSIS 6: 649-659 (2026)

to sex, with renal cancer occurring more frequently in
men than in women. The number of cases increased from
the 30-40-year age group, with peak frequencies
observed in the 51-60 and 61-79-year age groups.
Regarding tumor laterality, analysis by sex showed that
renal carcinoma occurred in both kidneys in both female
and male patients. Poor prognostic factors associated
with RCC were analyzed according to sex, including tumor
size, FNG, and clinical stage. Figure 1 presents the analysis
of these parameters in female and male subgroups. A
significant difference was observed for tumor size, with
men presenting a higher mean tumor size. No significant
differences were observed for FNG or clinical stage
between sexes.

Next, HER2 expression was evaluated in RCC samples
of different histological types and compared with normal
kidney tissue and benign tumors. Figure 2A (left) shows
that HER2 expression was specifically detected in the
ccRCC subtype, as confirmed using two different
antibodies. Membranous HER2 expression was quantified
using the scoring system established by the American
Society of Clinical Oncology/College of American
Pathologists (ASCO/CAP), which is commonly applied for
HER?2 assessment in breast cancer (Figure 2A, right).

HER2 expression was analyzed in 95 ccRCC cases. Figure
2B (left) shows the distribution of membranous HER2
expression: 32% (31 cases) were HER2-positive (3+), 47%
(46 cases) were equivocal (2+), and 21% (20 cases) were
negative (0-1+). The distribution between positive and
negative groups was statistically significant (t-test p=0.0001).
For diagnostic purposes, equivocal cases (2+) should be
confirmed by fluorescence in situ hybridization (FISH).
Representative immunohistochemistry images of the four
scoring categories are shown in Figure 2B (right).

In addition to membranous expression, HER2
expression was also observed at the nuclear level. As shown
in Figure 3A, nuclear HER2 expression was detected in 33%
of cases, including strong expression (3+) in 9.3% and
moderate expression (2+) in 23.7% of cases, while 67% of
cases were negative (0-1+). The immunofluorescence-
based scoring is presented in Figure 3B.
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Figure 1. Clinical characteristics of renal carcinoma in the study
population. Comparison of risk factors between female and male patients,
including tumor size, Fuhrman nuclear grade (FNG), and clinical stage. A
total of 110 samples were analyzed. Associations were analyzed using the
chi-square test (****p=0.0001).

Based on these findings, we evaluated whether HER2
expression was associated with HIFs, considering the
frequent absence of functional VHL in ccRCC. Figure 4A
illustrates the relationship between HER2 and HIF1
expression. In some cases, HER2 expression in the
membrane and/or nucleus was accompanied by nuclear
HIF1 expression (cases 3 and 4). However, this association
was not consistent, as cases with HER2-positive/HIF1-
negative expression (case 1) and HER2-negative /HIF1-
positive expression (case 2) were also observed. In
contrast, a different pattern was observed for HIF2. HER2
expression in the membrane and/or nucleus was
associated with nuclear HIF2 expression in several cases
(cases 1, 3,and 4), whereas HER2-negative cases showed
low (1+) or absent HIF2 expression (case 2). To further
investigate this relationship, we analyzed the correlation
between HER2 and HIF2 gene expression using data from
the TCGA Kidney dataset available in the ONCOMINE
database (20). Figure 4B shows the correlation between
HER2 mRNA expression (four probes) and HIF2 (probe
1). Similar results were obtained when HER2 probes were
analyzed against HIF1. Considering that Pearson’s
correlation coefficient values between 0 and 1 indicate a
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Figure 2. Membranous HERZ expression in renal cell carcinoma (RCC). (4, left) Representative images of normal kidney (3 cases), oncocytoma (6 cases),
and two RCC subtypes (clear cell and papillary). A total of 98 cases were analyzed, the majority of which were of the clear cell RCC subtype. Three cases were
removed due to sample exclusion criteria (n=95). The first row shows hematoxylin and eosin (H&E) staining, and the subsequent rows show
immunohistochemistry (IHC) using ErbB2 antibodies (3B5, Thermo Fisher and A0485, DAKO). (4, right) Quantification of membranous HERZ expression
in RCC using the 3B5 Pierce antibody (400x magnification). (B, left) Graph showing the distribution of membranous HERZ2 expression across 97 ccRCC cases.
(B, right) Representative IHC images under an optical microscope (200x magnification). Statistical analysis was performed using a t-test (****p=0.0001).
All described techniques were performed in duplicate for each sample, and microscopic evaluation was conducted by three independent observers.

positive correlation, our analysis showed a weak positive
correlation (Pearson’s r=0.053).

Finally, the association between HER2 expression and
prognostic factors in ccRCC was evaluated. The relationship
between HER2 expression and Fuhrman nuclear grade was
analyzed. Membranous HER2 expression was associated
with Fuhrman nuclear grade II (Figure 5A), whereas nuclear
HER?2 expression was associated with higher nuclear grades
(Il and 1V) (Figure 5B). The association between HER2
expression and clinical stage was also evaluated.

Membranous HER2 expression was detected in tumors with
both early (stage I) and advanced (stages Ill and V) clinical
stages, but not in intermediate stage II tumors (Figure 5C).
In contrast, no significantassociation was observed between
nuclear HER2 expression and clinical stage (Figure 5D).

Discussion

In the present study, we analyzed the distribution of RCC
in our cohortand observed a higher frequency and larger
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Figure 3. Nuclear HERZ expression in clear cell renal cell carcinoma (ccRCC). (A) Graph showing the distribution of nuclear HER2 expression across 97
ccRCC cases, with representative immunohistochemistry (IHC) images under an optical microscope (200x magnification) shown on the right. The IHC
techniques were performed in duplicate for each sample, and microscopic evaluation was conducted by three independent observers. (B) Validation of
nuclear HER2 scoring by immunofluorescence, following the guidelines described in materials and methods.

tumor size in the male population compared with females.
In our population, increased tumor size appeared to be
associated with poorer prognosis only in men, whereas
the other analyzed parameters did not show significant
sex-related differences. The higher incidence and larger

tumor size observed in men are consistent with previous
reports indicating a higher mortality rate from RCC in
males (21, 22).

In the search for oncological markers that may guide
therapeutic strategies in renal cancer, we evaluated HER2
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Figure 4. Relationship between HERZ2 and hypoxia-inducible factor (HIF) expression in clear cell renal cell carcinoma (ccRCC). (A) Representative
immunohistochemistry (IHC) images showing HER2, HIF1, and HIF2/EPAS1 expression in four ccRCC cases (400x magnification). The IHC techniques
were performed in duplicate for each sample, and microscopic evaluation was conducted by three independent observers. (B) Correlation analysis
between HERZ2 (probe 3) and EPAS1/HIF2 (probe 1) using data from the Oncomine TCGA renal dataset. Pearson’s correlation coefficient r=0.053. All

other probes available in Oncomine yielded similar correlation results.

expression in RCC. Our results showed that HER2 is
specifically expressed in the membrane of the ccRCC
subtype in 32% of cases (3+). Some studies have reported
an absence of HER2 overexpression in ccRCC (23), whereas
others have demonstrated membranous HER2 expression

in this subtype (12). In agreement with our findings, Phuoc
et al. (24) reported high HER2 expression levels by
immunohistochemistry, although they did not find an
association with survival. Similarly, Nagasawa et al. (25)
demonstrated that treatment with a HER2 inhibitor
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Figure 5. Association of HERZ2 expression with prognostic factors in clear cell renal cell carcinoma (ccRCC). (A) Membranous HER2 (MHERZ2) expression
and Fuhrman nuclear grade (FNG). Distribution of membranous HERZ according to FNG: I (blue), Il (red), III and IV (yellow). Statistical analysis was
performed using Fisher’s exact test (****p=0.0001). (B) Nuclear HER2 (NHERZ2) expression and FNG. Left: Statistical comparison using Fisher’s exact
test (**p=0.0051). Right: Representative inmunohistochemistry (IHC) images of nuclear HER2-positive tumors in FNG I, Il, and 1l (400x magnification).
(C) Membranous HERZ expression and clinical stage. Left: Analysis using a t-test (***p=0.001), with stages I (blue), II (yellow), III and IV (red). Right:
Representative [HC images of membranous HER2-positive tumors (3+) in clinical stages I and Il (400x magnification). (D) Nuclear HER2 expression
and clinical stage. Fisher’s exact test comparing nuclear HER2-negative and -positive tumors across clinical stages 1, 11, and 111/1V (not statistically
significant, p=0.142). The IHC techniques were performed in duplicate for each sample, and microscopic evaluation was conducted by three independent

observers.

reduced the growth of RCC xenograft tumors until their
disappearance. Likewise, in patients with upper urinary
tract urothelial carcinoma, high HER2 expression was
found and was associated with low survival (26). The
discrepancies among studies may be explained by
differences in detection methods. It has been suggested that

the HER2 oncoprotein may accumulate in the cell
membrane without a corresponding increase in gene
amplification in ccRCC. Consequently, elevated HER2
protein levels may be detected by immunohistochemistry
(12, 24) or Western blotting (25) but not necessarily by
PCR-based approaches (23). Indirectly, since there is still
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no clear connection between HER2 and mitochondrial
aconitase 2 (AC02),ithas been reported that mitochondrial
ACO2 shows a significant correlation with worse overall
survival among patients with RCC. This suggests that HER2
could be promoting this mechanism (27).

In addition to membranous expression, we observed
nuclear HER2 localization in 33% of cases. This finding is
noteworthy because nuclear HER2 expression has notbeen
extensively investigated in renal cancer. Similar observations
have been reported in highly aggressive triple-negative
breast cancer, where nuclear HER2 can activate gene
transcription (19). Furthermore, nuclear HER2 activity has
been associated with resistance to therapy in gastric cancer
(28).Based on these observations, it is possible that nuclear
HER2 may act as a transcriptional regulator in renal cancer,
potentially contributing to tumor progression. The relatively
high frequency of HER2 expression in the ccRCC subtype
may be partly explained by its association with HIF2, as
suggested by our TCGA analysis using the ONCOMINE
database.

Regarding prognostic implications, membranous
HER2 expression was associated with Fuhrman nuclear
grade I, whereas nuclear HER2 expression was associated
with higher nuclear grades (Il and V). To our knowledge,
few studies have addressed the relationship between
HER2 localization and Fuhrman nuclear grade in RCC.
These findings suggest that nuclear localization of HER2
may be associated with nuclear dedifferentiation
observed in high-grade tumors, which is typically related
to poorer prognosis. Similar observations have been
reported in breast cancer, where nuclear HER2
localization correlates with worse clinical outcomes (28).

When analyzing the relationship between membranous
HER?2 expression and clinical stage, we observed HER2
expression in both early (stage I) and advanced stages (111
and 1V), but not in intermediate stage Il tumors. These
findings suggest that HER2 may contribute to ccRCC
progression through different mechanisms depending on
the stage of disease. The presence of membranous HER2 in
advanced stages, together with nuclear HER2 expression
in high Fuhrman grades, suggests that HER2 may represent

both a potential therapeutic target and a marker of poor
prognosis associated with its nuclear localization (29). To
date, few studies have evaluated the relationship between
HER2 expression and clinical stage in RCC. However, similar
associations have been described for vascular endothelial
growth factor (VEGF), which has been correlated with
Fuhrman nuclear grade (30). Overall, the HER2 expression
pattern observed in our cohort is of particular interest in
ccRCC, as it suggests a possible role for HER2 in nuclear
differentiation mechanisms and tumor progression. These
findings contribute to the identification of potential
therapeutic targets and to a better understanding of the
molecular mechanisms involving the HER2 oncogene in
renal cancer.

Conclusion

RCC in our cohort was more frequent in males and was
associated with larger tumor size. HER2 expression was
detected in both the cell membrane and nucleus in the
ccRCC subtype. Membranous HER2 expression was
associated with EPAS1/HIF2 expression, whereas nuclear
HER?2 localization was associated with higher Fuhrman
nuclear grades (I1I-1V). Membranous HER2 expression
was observed in clinical stages I and III. These findings
suggest that HER2 may represent a potential therapeutic
target in ccRCC and that its nuclear localization may be
associated with markers of poor prognosis.
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