UPSALA JOURNAL OF MEDICAL SCIENCES 2024, 129, e9407
http://dx.doi.org/10.48101/ujms.v129.9407

Upsala Journal of
" Medical Sciences

ORIGINAL ARTICLE

Expression of HIF-a and their association with clinicopathological parameters in

clinical renal cell carcinoma

Raviprakash T. Sitaram'*and Borje Ljungberg?

Department of Odontology, Umead University, Umed, Sweden; 2Department of Surgical and Perioperative Sciences, Urology and

Andrology, Umea University, Umed, Sweden

ABSTRACT

Objectives: This study aimed to assess the cellular localization and expression levels of hypoxia-inducible
factor (HIF) -a proteins (specifically HIF-1a, HIF-20, and HIF-30) that play a role in the hypoxia pathway
and to determine their correlation with clinicopathological parameters and patient survival in renal cell
carcinoma (RCC).

Materials and methods: Tissue microarray (TMA) with cores from 150 clear cell RCCs and 31 non-ccRCC
samples. HIF-1a, HIF-20, and HIF-3a antibodies were used for immunohistochemistry (IHC) of TMA to eval-
uate the cellular localization and expression levels of HIF-o. proteins, specifically in relation to the hypoxia
pathway.

Results: The expression levels of the HIF-a proteins were higher in the nucleus than in the cytoplasm.
Furthermore, the nuclear expression levels of all HIF-a proteins were significantly higher in clear cell RCC
(ccRCC) than in non-ccRCC. Cytoplasmic HIF-3a expression was also higher in ccRCC than in non-ccRCC,
whereas cytoplasmic HIF-1a and HIF-2a expression levels were similar between the different RCC types.
In ccRCC, nuclear HIF-1a expression levels correlated with both nuclear HIF-2a. and HIF-3a levels, whereas
cytoplasmic HIF-3a expression levels were associated with HIF-1a only.

In non-ccRCC, there was a positive correlation observed between nuclear HIF-1a and HIF-30. expression,
but no correlation was found with HIF-2a. In patients with ccRCC, the nuclear expressions of HIF-1a and
HIF-3a was significantly associated with cancer-specific survival (CSS) in univariate analysis. This associa-
tion was no longer evident in multivariate analysis. Notably, there was no correlation observed between
nuclear HIF-2a expression and CSS in these patients. In contrast, cytoplasmic expression levels showed no
association with CSS.

Conclusion: The expression levels of the three primary HIF-a proteins were found to be higher in the nu-
cleus than in the cytoplasm. Furthermore, the results indicated that HIF-3a and HIF-1a expression levels
were significant univariate factors associated with CSS in patients with clear cell RCC. These results high-
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light the critical role that HIF-3a and HIF-1a play in the hypoxia pathway.

Introduction

Renal cell carcinoma (RCC) is a type of cancer that accounts for
approximately 3% of all adult cancers and is more commonly
found in Western countries (1). It affects males more often than
females, with the peak incidence occurring in people aged 60-70
(2). RCC is classified into different types based on its
histopathological and genetic characteristics, with the most
common types being clear cell RCC (ccRCC), papillary RCC
(pRCCQ), and chromophobe RCC (chRCC) (3). Common genetic
abnormalities in ccRCC include loss of heterozygosity (LOH),
hypermethylation, mutations, and deletions in the 3p
chromosomal region (4). These aberrations in chromosome 3p
cause inactivation of the von Hippel-Lindau (VHL) gene, leading
to decreased transcription of VHL protein (pVHL) (5). In contrast,

non-ccRCC (pRCC and chRCC) rarely shows chromosome
3p aberrations (6). The hallmark of pRCC is germline mutations in
the MET proto-oncogene, which activates MET signalling to
promote tumor and cell motility (7). chRCC is associated with Brit-
Hogg-Dube syndrome, and the most common genetic alterations
include the LOH of chromosomes 1, 2,6, 10, 13, 17, and 21 (7).
Due to the involvement of different genes and signalling
pathways, ccRCC and non-ccRCC behave differently with respect
to tumor progression and spread (8). Under normal conditions,
the VHL protein (pVHL) functions as an adaptor protein like the
E3-ubiquitin ligase complex, and aids in the degradation of
hypoxia-inducible factor-a (HIF)-a. subunits by ubiquitination (9).
Tumors activate the hypoxia response pathway through HIF-o
when there is a lack of intracellular oxygen to maintain oxygen
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availability (10). HIF-a. comprises three unstable subunits: HIF-1a,
HIF-20, and HIF-3a, which are encoded by HIF1A, EPAS1, and
HIF3A, respectively. Although HIF-1a and HIF-2a have similar
protein structures and amino acid sequences, they have different
functions (11, 12). HIF-1a. and HIF-2a are associated with
tumorigenesis, metastasis, and disease progression in RCC
(12-15). The effects of HIF-3a are still not fully understood and
there is less amino acid sequence similarity between HIF-1a and
HIF-2a (16). It undergoes alternative splicing to generate variants
(17, 18). The HIF-304 splice variant exerts a dominant-negative
effect on hypoxic responses (17, 19). HIF-3a is a positive
transcriptional regulator of several downstream molecules.
However, the role of HIF-3a. in ontogeny remains unclear (20).
This study aimed to elucidate the protein expression levels
and cellular localization of HIF-3a, HIF-1a, and HIF-2a and their
association with clinicopathological parameters in RCC.

Materials and methods

Patient and public involvement

All patients provided informed consent and since January 2000 a
signed informed consent to participate in the study was
used. Patients were informed that the studies included survival
information, laboratory values, measurements of tumor variables,
and genetic changes. The Institutional Review Board and Ethics
Committee of Northern Sweden approved the study. Patients were
informed that they could leave the study for any reason at any time.

Tissue samples

Multiple tumor and kidney cortex tissue samples were obtained
from surgically removed tumor-bearing kidneys, formalin-fixed,
and histologically examined. A total of 181 patients were surgically
treated with radical or partial nephrectomy between 1988 and
2009 at the University Hospital in Umed, Sweden (21). The RCC
type was defined according to the Heidelberg classification,
tumor stage according to the TNM classification (22), and nuclear
grade according to the Fuhrman classification (23). The
distribution of patient characteristics in relation to the RCC type is
summarized in Table 1. TNM stage groups | and Il were collected
and stages llland IV were collected for statistical analysis. Similarly,
Grades 1 and 2 and grades 3 and 4 were gathered. The patients
were followed up with a scheduled follow-up program.

Tissue microarray construction

Four representative tumors and two kidney cortex cores measuring
0.6 mm in diameter were placed in a newly prepared recipient
paraffin block from formalin-fixed and paraffin-embedded tissue
blocks. The tissue microarray (TMA) blocks were sliced into 4 um
sections and treated according to standard procedures, including
deparaffinization and rehydration. A representative slice of each
TMA block was stained with hematoxylin and eosin. The stained
TMA sections were reviewed and confirmed by a clinical
pathologist. Four representative tumors and two kidney cortex

Table 1. Distribution of patients’ characteristics is shown in relation to RCC
type in 181 patients with RCC.

Variable ccRCC Non-ccRCC RCC
n=150 (n=31) (n=181)

Age (years)

Mean 65.8 64.00 65.58

Median (range) 67 (34-87) 65 (25-82) 67 (25-87)

Gender

Men 87 (58.0%) 17 (54.8%) 104 (57.4%)

Women 63 (42.0%) 14 (45.2%) 77 (42.5%)

T-stage

T1 48 (32.0%) 10 (32.3%) 58 (32.0%)

T2 26 (17.3%) 7 (22.6%) 33 (18.2%)

T3 31(20.7%) 10 (32.3%) 41 (22.7%)

T4 45 (30.0%) 4(12.9%) 49 (27.5%)

N-stage

No 105 (70%) 27 (87.1%) 132 (72.92%)

N1 45 (30%) 4(12.9%) 49 (27.07%)

Survival

Alive 52(33.2%) 9 (29%) 61 (32.2%)

cores measuring 0.6 mm in diameter were placed in a newly
prepared recipient paraffin block from formalin-fixed and paraffin-
embedded tissue blocks. The TMA blocks were sliced into 4 pm
sections and treated according to standard procedures, including
deparaffinization and rehydration. A representative slice of each
TMA block was stained with hematoxylin and eosin. Stained TMA
sections were reviewed and confirmed by a clinical pathologist.

Immunohistochemical staining

The TMA sections were treated with citrate buffer (pH 6) for antigen
retrieval, followed by endogenous peroxidase blocking with
methanol (200 mL) containing 3 mL of 40% H202 for 20 min.
Sections were incubated with primary antibodies at the following
dilutions: HIF-1o. (NB100-132; Novus Biologicals, Cambridge, UK;
1:200), HIF-20. (NB100-134; Novus Biologicals, 1:150), and HIF-3a
(@b10134; Abcam, Cambridge, UK; 1:200). EnVision+ Dual-link
Single Reagent (HRP. Rabbit/Mouse; Agilent CA, USA) was used as
the secondary antibody. Finally, the sections were visualized using
diaminobenzidine/ H202 and counter-stained with hematoxylin.
Immunohistochemistry (IHC) was performed on 150 ccRCC and 31
non-ccRCC samples. Owing to the loss of cores during IHC, 149
ccRCCs were analyzed for HIF-1a, 149 for HIF-2a, and 148 for HIF-3a.
TMA sections were treated with citrate buffer (pH 6) for antigen
retrieval, followed by endogenous peroxidase blocking with
methanol (200 mL) containing 3 mL of 40% H202 for 20 min. The
sections were incubated with primary antibodies at the following
dilutions: HIF-1o. (NB100-132; Novus Biologicals, Cambridge, UK;
1:200), HIF-20. (NB100-134; Novus Biologicals, 1:150), and HIF-3a
(ab10134; Abcam, Cambridge, UK; 1:200). EnVision+ Dual-link
Single Reagent (HRP. Rabbit/Mouse; Agilent CA, USA) was used as
the secondary antibody. Finally, the sections were visualized using
diaminobenzidine/H202 and counterstained with hematoxylin.
IHC was performed on 150 ccRCC samples and 31 non-ccRCC
samples. Owing to the loss of cores during IHC, 149 ccRCCs were
analyzed for HIF-1a, 149 for HIF-2a, and 148 for HIF-3a.



Scoring of protein of expression in cytoplasm and
nucleolus

A Panoramic 250 scanner (3DHistech, Budapest, Hungary) was
used to digitally scan the IHC-stained TMA slides at a
magnification of 40 X. Furthermore, we employed QuPath
version 0.2.0-m429,30, an open-source image analysis platform
(Center for Cancer Research & Cell Biology, University of
Edinburgh), to arrange disordered IHC-stained TMAs. All cores
were evaluated during the scoring process to manually exclude
invalid cores (<10% of the tumor per core or artifacts). A simple,
automated, and semi-assisted method using QuPath was used
for TMA quantification. After several steps and subsequent
validations, the desired threshold for the positive cells was
selected for each marker. Staining vectors were automatically
analyzed for each scanned TMA slide, followed by total tissue
area detection, separation of tumor from non-tumor areas in
each core, and automatic cellular detection. Positive cells were
assigned using the optical density threshold of the selected
cells, tested on each core, and applied to the entire array after
validation by an expert pathologist.

The histochemical score (H-score) measures the intensity of
staining. The H-score was obtained by calculating the sum of the
percentage of staining multiplied by the corresponding
intensity, and was used as the expression level.

Statistical analysis

SPSS Statistics 27.0 (IBM) was used for the statistical analysis. The
Mann-Whitney U test was used to compare the variable levels
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between the two independent groups. In addition, Cox regression
analysis was used for multivariable analysis. Kaplan-Meier curves
illustrating survival times were analyzed using the log-rank test. For
all tests, a two-sided P-value less than 0.05 was considered
significant.

Results
Localization of HIF-1a, HIF-2a, and HIF-3a

The expression levels of nuclear HIF-1a, HIF-2a, and HIF-3a
proteins were significantly higher in ccRCC than in non-ccRCC
tissues (Figures 1A, C, and E). Interestingly, both ccRCC and non-
ccRCC showed similar cytoplasmic HIF-Ta levels. However, the
expression levels of cytoplasmic HIF-2a and HIF-3a were
significantly higher in ccRCC than in non-ccRCC tissues
(Figures 1B, D, and F). Representative tissue sections of ccRCC
and non-ccRCC stained with HIF-1a, HIF-2a, and HIF-3a are
shown in Figure 1G-L. Moreover, in ccRCC, the expression levels
of HIF-1a, HIF-2a, and HIF-3a are significantly higher in the
nucleus than in the cytoplasm. Similarly, in non-ccRCC tissues,
all three HIF-o proteins showed significantly higher expression
levels in the nucleus than in the cytoplasm (Figure 2A-F).

Association between nuclear and cytoplasmic HIF-1a,
HIF-2a, and HIF-3a protein levels, and clinicopathological
parameters

The expression levels of nuclear HIF-1a, HIF-2a, and HIF-3a in
ccRCC did not vary based on age, gender (data not shown) or

Figure 1. Box plots representation of expression levels of (A) nuclear HIF-1a, (B) cytoplasmic HIF-1a, (C) nuclear HIF-20, (D) cytoplasmic HIF-2a (E) nuclear
HIF-3a, and (F) cytoplasmic HIF-3a, in ccRCC patients compared with non-ccRCC; Representative stained tissues cores of ccRCC and non-ccRCC after IHC
assay with (G and H) HIF-1q, (I and J) HIF-20, (K and L) HIF-3a in ccRCC and non-ccRCC, respectively.
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between tumor grade in ccRCC (Table 2, Supplementary
Figure 1A-F). However, there was a significant difference in
nuclear HIF-20 expression between advanced T stages (II-1V,
n=102) and lower T stages (I-Il, n =47, P = 0.033). In patients
with ccRCC, it was found that the expression of
HIF-1a was significantly lower in TNM stage | compared with
stage IV in the nucleus and the expression of HIF-2a was
significantly lower in TNM stage | compared with stage Il in
both the nucleus and cytoplasm. However, no significant
difference in expression was observed between stage
| and stages Ill and IV (as shown in Supplementary Figure 2A,
Cand D).
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Figure 2. Box plots showing the comparison of expression levels of (A)
nuclear HIF-1o and cytoplasmic HIF-1a, (B) nuclear HIF-2a and cytoplasmic
HIF-20, (C) nuclear HIF-3a and cytoplasmic HIF-3a in ccRCC patients; Box
plots showing the comparison of expression levels of (D) nuclear HIF-1a and
cytoplasmic HIF-Ta, (E) nuclear HIF-2a and cytoplasmic HIF-2a, (F) nuclear
HIF-30 and cytoplasmic HIF-3a in non-ccRCC patients.

Additionally, there was a significant correlation between
nuclear HIF-2a expression and tumor size (P = 0.035), whereas
not with HIF-1a (P=0.106) and HIF-3a. (P=0.701) (Table 2). There
was no association between cytoplasmic HIF-1a, HIF-2a, or
HIF-30. expression and the clinicopathological parameters
(data not shown).

In non-ccRCC, neither nuclear nor cytoplasmic HIF-1a, HIF-2q,
or HIF-3a exhibited differences in their expression levels with
any clinicopathological parameter (data not shown).

Correlations between levels of HIF-o proteins

In ccRCC, nuclear HIF-1a.expression levels correlated significantly
with both nuclear HIF-2a and HIF-3a levels, whereas HIF-1a
correlated with HIF-2a. only (Table 3). Cytoplasmic HIF-1a
expression levels significantly correlated with cytoplasmic
HIF-20 and HIF-3a expression levels (Table 4).

In contrast, in non-ccRCC, nuclear HIF-1a correlated with
nuclear HIF-3a. expression levels, and cytoplasmic HIF-Ta
correlated with HIF-2a expression levels only (Table 4).

Relation between HIF-1a, HIF-2a, and HIF-3a localization
and cancer-specific survival

In ccRCC, patients with higher nuclear HIF-1a (P = 0.002) and
HIF-300 (P = 0.019) (> median value) expression levels had
significantly shorter survival than those with lower levels
(< median value) and cancer-specific survival (CSS), whereas
nuclear HIF-2a expression (P = 0.12) had no association with

Table 3. Correlations between nuclear HIF-10, HIF-20, and HIF-3a
expression levels in relation to RCC type (ccRCC and non-ccRCC, respectively).

Variables ccRCC Non-ccRCC
HIF-2a HIF-3a HIF-2a HIF-3a
(Nucleus) (Nucleus) (Nucleus) (Nucleus)
HIF-10 P =0.002%, P=0.001%, P=0.423, P <0.001%,
(Nucleus) r=0.253 r=0.268 r=-0.152 r=0.689
n=149 n=148 n=30 n=30
HIF-2a P=0.755, P=0.956,
(Nucleus) r=0.026 r=0.010
n=148 n=30

* Spearman’s correlation analyses (Significant at P < 0.05)

Table 2. HIF-1a, HIF-20, and HIF-3a H-expression levels in relation to tumor grade, TNM stage, and tumor size in 150 patients with ccRCC. Expression values

are presented as mean, median, and IQR.

Variable HIF-1a P HIF-2a P HIF-3a P
n Median (IQR) Mean n Median (IQR) Mean n Median (IQR) Mean
Tumor grade
1-2 58 87.3(63.4) 75.7 0.837 58 30.8 (45.5) 72.6 0.591 59 76.1(113.1) 73.7 0.852
3-4 91 95.9(57.9) 744 91 38.4(53.7) 76.5 89 93.3(88.4) 75.0
TNM -stage
=1 73 85.3 (68.9) 69.7 0.145 73 34.4(50.7) 74.2 0.817 73 87.4(92.6) 71.7 0.440
n-1v 76 101.0 (52.4) 80.1 76 37.3(54.6) 75.8 75 99.3(113.7) 77.2
Tumor size
<70 66 84.4 (65.9) 68.6 0.106 66 28.3(43.7) 66.6 0.035% 66 80.2 (115.5) 73.0 0.701
>70 83 99.3 (54.0) 88.1 83 43.4 (56.9) 81.7 82 94.6 (88.4) 75.7

Note: ccRCC, clear cell renal cell carcinoma; n, number of patients; Tumor grade, Fuhrman grade classification; TNM stage, TNM stage groups; IQR, the
interquartile range. Significant P-values are given in * bold. There was one (0.7%) missing tumor for HIF-3a analysis.



CSS. In Cox regression analysis, both HIF-1a and HIF-3a protein
expression were significantly associated with CSS in univariate
analysis but did not remain significant after adjusted analysis
(Table 5). Cytoplasmic HIF-o protein expression was not
associated with CSS (Figure 3A-F). In non-ccRCC patients, HIF-a
protein expression levels, neither in the nucleus nor in the
cytoplasm, were associated with CSS (data not shown).

Discussion

This study found a significant association between CSS and the
nuclear expression levels of HIF-1a and HIF-3a, suggesting that
these proteins are significantly involved in angiogenesis and
proliferation in ccRCC. The hypoxia response pathway is
activated by hypoxia or VHL mutations in the tumor
microenvironment (24, 25). Various experimental models have
shown a critical role for HIF-1a and HIF-2a in tumor progression
and patient survival (26, 27). Limited data are available on
HIF-3a, and its function as a regulator of the hypoxia response
pathway remains unclear.

In this study, we report that HIF-a proteins are predominantly
localized in the nucleus and have higher expression levels in
ccRCC than in non-ccRCC tissues. These findings are in line
with those of previous studies (26, 28). One reason for the
high nuclear localization of HIF-a could be that hypoxia
triggers the expression of HIF-o and its downstream targets,

Table 4: Correlations between cytoplasm HIF-10, HIF-20, and HIF-3a
expression levelsin relation to RCC type (ccRCC and non-ccRCC, respectively).

Variables ccRCC Non-ccRCC
HIF-2a HIF-3a HIF-2a HIF-3a
(Cytoplasm)  (Cytoplasm)  (Cytoplasm) (Cytoplasm)
HIF-1a P <0.001*%, P =0.005*%, P =0.040, P=0.736,
(Cytoplasm) r=043 r=0.231 r=0.340 r=0.064
n=149 n=148 n=30 n=30
HIF-20. P=0.031%, P=0.385,
(Cytoplasm) r=0.178 r=0.165
n=148 n=30

* Spearman’s correlation analysis (Significant at P < 0.05)
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very-low-density receptor (VLDL-R) and HIG 2. As a result, lipid
content accumulates in the cytoplasm and HIF-a. proteins
accumulate in the nuclear compartment (29, 30). Accumulation
in the nucleus is further supported by the fact that HIF-a proteins
possess a basic helix-loop-helix domain that heterodimerises
with the stable aryl hydrocarbon receptor nuclear translocator
HIF-1B (31). We found no association between nuclear HIF-a
protein expression levels and age, gender, and tumor grade,
while nuclear HIF-2a expression levels were associated with
advanced T stage and tumor size. This is consistent with previous
studies showing higher HIF-2a expression at later stages
(32, 33). Furthermore, we found that higher nuclear expression
levels of HIF-1a were associated with poorer CSS in ccRCC

Figure 3
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Figure 3. Kaplan-Meier plots showing cancer-specific survival curves of
ccRCC (A) nuclear HIF-To, (B) cytoplasmic HIF-1a (cytoplasm), (C) nuclear
HIF-20, (D) cytoplasmic HIF-2q, (E) nuclear HIF-3a.and (F) cytoplasmic HIF-3a.

Table 5. Results from Cox regression analysis of factors important for cancer-specific survival in 149 patients with clear cell renal cell carcinoma, adjusted for
age, gender, tumor size (mm), tumor grade, tumor stage, and HIF-1a, HIF-20, and HIF-3a nuclear and cytoplasmic expression levels, respectively.

Predictor Unadjusted Adjusted?
RR 95% Cl P RR 95% Cl P

Age continous 0.998 0.985-1.012 0.821 0.984 0.958-1.011 0.242
Female vs. Male 0.832 0.611-1.134 0.244 1.721 0.954-3.106 0.071
Tumor Size (mm) 1.013 1.010-1.017 <0.001 1.006 0.998-1.014 0.114
Grade (1,2 vs. 3,4) 2.352 1.928-2.868 <0.001 1.511 1.108-2.059 0.009
Stage (I, Il vs. 111,1V) 8.365 5.659-12.366 <0.001 8.543 4.183-17.447 <0.001
HIF-1a-Nuclear 2.106 1.306-3.397 0.002 1.919 0.864-4.261 0.109
HIF-10-Cytoplasm 1.428 0.897-2.275 0.133 1.010 0.805-1.267 0.930
HIF-2a-Nuclear 0.988 0.619-1.576 0.959 0.956 0.485-1.887 0.898
HIF-2a-Cytoplasm 1.039 0.633-1.705 0.881 0.891 0.423-1.875 0.760
HIF-3a-Nuclear 1.872 1.165-3.009 0.010 1.242 0.628-2.458 0.533
HIF-3a-Cytoplasm 1.635 1.028-2.600 0.038 1.504 0.740-3.058 0.260

Note: Cl, confidence interval; RR, risk ratio; Tumor Size, tumor size in mm; Grade, tumor grade; Stage, TNM tumor stage; Significant P-values are given in bold.
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patients. This is consistent with a previous meta-analysis that
showed that high nuclear HIF-1a expression in ccRCC is
associated with unfavorable prognosis (34). The interaction of
HIF-1oo  with various signalling pathways is responsible
for its effect on patient survival, as reported in previous
studies (35, 36).

Similar to earlier reports, we observed no association
between nuclear or cytoplasmic HIF-2a expression and survival
in patients with ccRCC (26, 37, 38). In contrast to our results, a
previous study reported that high cytoplasmic HIF-2a
expression levels were associated with poor survival (38).
However, the reason for this discrepancy remains unclear. This
difference might be due to the use of different methods to
analyze HIF-2a expression levels; other cancers, such as breast
carcinoma, were included in that study. Likewise, high HIF-2a
expression levels in tumor-associated macrophages (TAMA)
indicate a poor prognosis in patients with breast cancer
patients (39, 40). Furthermore, in non-ccRCC patients, we
found no association between HIF-o protein expression levels
and any clinicopathological parameter or patient survival. A
previous study hypothesized that only the ccRCC phenotype
in humans had a cause-effect association with HIF-a (28). The
lack of relevance of hypoxia to non-ccRCC ontogenesis could
be a plausible explanation.

Our study demonstrated the feasibility of analyzing HIF-
3a protein expression levels in tissue samples obtained from
a patient with RCC. We observed a significant association
between nuclear HIF-3a expression and CSS in patients with
ccRCC. In addition, the levels of HIF-30 expression were
considerably higher in the nucleus than in the cytoplasm
and higher in ccRCC than in non-ccRCC. These findings are
noteworthy because earlier data on the relationship between
HIF-3a and clinicopathological variables in RCC are sparse.
Despite sharing a similar set of target genes, HIF-3a did not
compete with the other two HIF-a counterparts in an
experimental environment (41). Various splice variants
of HIF-3a exhibit diverse functions: a short HIF-3a splice
variant acts as a dominant-negative inhibitor of the hypoxia
response and a long HIF-3a performs transactivation
activity (17, 42).

Similar to a previous study, we found a significant correlation
between nuclear HIFa-proteins and ccRCC (26). This correlation
is attributable to the crucial function of HIF-a proteins in the
hypoxia response pathway, which regulates genes involved in
cellular proliferation and survival, thereby promoting ccRCC
growth and progression.

This study concluded that HIF-o protein expression levels
were significantly higher in ccRCC than in non-ccRCC, with
higher expression levels in the nucleus than in the cytoplasm. In
addition, HIF-1a and HIF-3a nuclear expression levels were
significantly associated with CSS in patients with ccRCC in
univariate analysis but not HIF-2 o, implying that the major HIF-a
proteins have different biological features that are crucial for
tumor progression. However, in multivariate analysis, neither
HIF-1a. nor HIF-300 nuclear expression levels remained
independent prognostic factors.
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