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Abstract

Methods: We retrospectively analyzed 42 ccRCC cases

Objective: The aim of this study was to investigate the

immunohistochemically for their expression status of HIF-

immunohistochemical expression of hypoxia inducible

1α, correlating this status with CAIX expression and

factor-1α (HIF-1α) and carbonic anhydrase 9 (CAIX) in

clinicopathological data. The Kruskal-Wallis H test and the

renal

Mann-Whitney U test were used for statistical analysis. A

cell

carcinoma

and

the

clinicopathological parameters.

association

with

Kendall’s tau-b test was performed to find possible
correlation between HIF-1 alpha and CAIX.
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Results: We found significant correlation between HIF-1a

other things, in increased vessel formation [2]. Under

nuclear staining and CAIX immunostaining. We also found

hypoxia, decreased hydroxylation of the HIF-1α rescues it

a positive relation between high HIF-1alpha immunoscore

from proteasome-mediated degradation. Then HIF-1α

and higher tumor grades (Furhman 3 and 4). In addition, we

translocates into the nucleus, where it binds HIF-1β,

detected correlation between HIF-1alpha overexpression

forming the heterodimer that recognizes hypoxia-response

and angioinvasion.

elements in a wide array of genes. Among the various HIF1–dependent genes are the surface transmembrane carbonic

Conclusion: Our results suggest that HIF-1 alpha and

anhydrases (CAs), which are involved in the maintenance

CAIX in clear cell renal cell carcinoma are associated with

of acid-base balance in the microenvironment [4-6].

histopathological

prognostic

factors.

Since

HIF-1α

inhibitors are under investigation for the treatment of many

Carbonic anhydrase IX (CAIX) catalyzes the reversible

human tumors, further investigation, in larger series of

hydration of carbon dioxide to the carbonic acid, thereby

patients, might elucidate the exact role of HIF1α/CAIX in

contributing

clear cell renal cell carcinoma and possibly reveal novel

environment and the maintenance of normal pH in tumor

predictive tissue markers.

cells [7,8]. In other words, CAIX allows tumor cells to

to

acidification

of

the

extracellular

acclimatize to hypoxia and to proliferate away from blood

Keywords: HIF-1A; CAIX; Immunohistochemistry;

vessels [9]. Blockade of CAIX results in increased cell

Renal cell carcinoma

death under hypoxic conditions, whereas transfection of
CAIX promotes cell proliferation [9]. Transcription of the

1. Introduction

CAIX gene is regulated by the von Hippel-Lindau protein,

Tumor hypoxia has long been known as a fundamental

which is part of the protein complex that ubiquitinates HIF-

property of the tumor microenvironment. It results from

1α under hypoxic conditions, resulting in its proteolysis

uncontrolled

[10,11].

tumor

growth

outpacing

the

rate

of

neovascularization, as well as from architecturally defective
microcirculation compromising oxygen diffusion even to

Given the long recognized literature regarding CAIX in

tumor cells adjacent to neovessels [1]. Accumulated clinical

renal cell carcinomas [12-14], we assessed the expression

and experimental data highlight intratumoral hypoxia not

of CAIX, and HIF-1α in relation to clinicopathological

only as the main driving force of tumor-induced

parameters in a series of surgical specimens of clear cell

angiogenesis [2], but also as a major factor in treatment

renal cell carcinoma (ccRCC), and investigated the

failure [3].

potential value of CAIX and HIF-1α as biologic and
prognostic factors in these tumors.

Hypoxia-inducible factor 1 (HIF-1), a heterodimeric
transcription factor activated under hypoxic conditions, is

2. Materials and Methods

the master regulator of adaptive responses to hypoxia,

2.1 Patients

initiating with oxygen sensing and culminating, among

The ethics committee at our institution approved the study
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protocol and written informed consent was obtained from

Laboratory Supplies, UK). As positive control, histological

each patient enrolled in the study. In this retrospective

sections from RCC with known VHL mutation were used.

study, 42 cases of ccRCC (27 male and 15 female patients,

As negative control, histological sections incubated with

median age 67 years) were evaluated, for which archival

non-antigenic serum instead of the main antibody were

specimens from the resected primary tumor were available.

used.

None of the patients had received any treatment before
surgery. All surgical specimens were retrieved from the

2.3 Evaluation of ‘Final’ immunohistochemical scores

files in the Pathology Department at the University of

Immunohistochemistry analysis was blinded regarding the

Thessaly. In total, 2 ccRCC Furhman 1, 17 Furhman 2, 15

patients’ data. More than 1000 tumor cells were counted in

Furhman 3 and 8 Furhman 4 tumors were evaluated

several high-power fields, and the percentage of neoplastic

(Histogram). The samples had been routinely fixed in 10%

cells with membrane and/or cytoplasmic CAIX or nuclear

buffered formalin, processed, and embedded in paraffin.

HIF-1α reactivity out of the total number of neoplastic cells
was determined.

2.2 Immunohistochemistry
Sections were cut at 4μm using a Leica TP1020 microtome
o

Α nuclear expression of HIF-1α in more than 10% of the

and dried overnight at 60 C. After deparaffinization in

total cancer cells of every section was considered positive.

xylene, the sections were rehydrated in decreasing ethanol

CAIX immunohistochemical detection was performed in

solutions. Antigen retrieval was achieved by microwaving

the membrane or cytoplasm of cancer cells. For both of the

tissue sections in 0.01 M citrate buffer solution (pH 6) for

above markers the quantification of expression level based

20 minutes (LG WAVEDOM, 850 Watt). After antigen

on the staining area and intensity. The Quick score was

retrieval, the sections were cooled and washed in

used where Q= percentage of (nuclei for HIF-1a and cells

phosphate-buffer saline (PBS). They were incubated in

for CAIX) multiplied by staining intensity. The intensity

0.3% hydrogen peroxide for 10 minutes, to block

scores were from 0 (no staining at all) to 3 (very bright

endogenous peroxidase. The primary antibodies for

staining). Maximum value for Q was 300% and minimum

immunostaining were specific for Η1α67 (aa432-528,

was 0%.

IgG2b; Novus Biologicals, Littleton CO, dilution 1:25) for
HIF-1 α and EPR415 (rabbit monoclonal, Epitomics CA

2.4 Statistical analysis

dilution 1:250) for CAIX. Sections were incubated over

For the following reasons, non-parametric tests were used

o

night at 4 C with each antibody. Envision fluid (polymer-

for statistical analysis: firstly, many variables were

peroxidase method, EnVision+/ Horseradish peroxide

qualitative, such as sex (0 = male, 1 = female), infiltration

(HRP), DAKO, Denmark) was then added, followed by

by renal vessels, renal vein and renal nerve (0 = absent, 1 =

incubation for 30 minutes. Bound antibodies were

present), and renal tumor location (0 = left kidney, 1 = right

visualized using 0.05% 3,3-diaminobenzidine solution

kidney). Secondly, our data were not normally distributed

(DAB, DAKO). Finally, sections were counterstained with

so a lot of statistical tests were by definition excluded. The

hematoxylin and mounted in DPX mounting medium (BDH

Furhman grade also was modified, because this was used as
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a grouping variable, to group 0 (Furhman grade1-2) and

3.2 CAIX expression

group 1(Furhman grade 3-4). Scale characteristics such as

CAIX immunostaining of tumor cells was seen in 42 cases

age were converted to ordinal data and mean was used as a

(100%). The immunoreactivity was membranous and/or

cutoff point (age mean=66.9 years, group 0= 1-67 years,

cytoplasmic

group 1= older than 67 years). The same when HIF-1α

immunoreactivity was diffuse. Staining intensity was even

(mean=1.0738-group 0=1.0738 or less, other=1) or CAIX

and convincing. Case grouping according to percentages of

(1.5976-group 0=1.5976 or less, other=1) were used as

immunostained tumor cells is shown in Figure 6-7). 45,3%

grouping variables. The Kruskal-Wallis H test followed by

(23/42) were in the category ‘intense expression’ and

the Mann-Whitney U test were used for comparison of

44,7% (19/42) ‘weak expression’.

(Figure

6-7).

The

distribution

of

means, whereas the Kendall’s tau-b test was used for
evaluating possible correlation between HIF-1A and CAIX.

3.3 Immunoreactivity relation between HIF-1α and

The SPSS v25 statistical software package (IBM, USA)

CAIX

was used, with differences being considered statistically

Immunohistochemical staining results of HIF-1-α and

significant when P<0.05.

CAIX in ccRCC are summarized in Table 2. 42 cases
(100%) exhibited nuclear immunostaining and were

3. Results

considered

HIF-1-α

positive

(Figure

1-5).

CAIX

3.1 HIF-1a expression

membranous/cytoplasmic immunoreactivity was observed

Forty-two cases were considered HIF-1α-positive (Figure

in 42 (100%) cases) as depicted in Figures 6-7. Higher

1-5). A summary of the HIF-1a immunoreactivity scores in

immunohistochemical scores indicating strong expression

RCC is shown in Table 1. Cytoplasmic staining was not

of HIF-1α were mostly detected in Furhman grade 3 and 4

detected in our study. The most intense immunoreaction

cases (histogram), whereas reduced HIF-1α expression was

was demonstrated in the vicinity of necrotic tumors. The

associated with lower histological grade of ccRCC

overall distribution of immunoreaction in the tissue sections

(p=0.001) (Table 1 and Figure 1-5). Similarly, strong CAIX

was diffuse.

expression was associated with high grade cases, whereas
lower grade ccRCC cases were associated with reduced

The highest rate of intense positivity concerned tumors in

CAIX immunohistochemical expression (p=0.003) (Table 1

Fuhrman grade 2 (40,5% - group 0, 17/42), while the

and Figure 6-7). These findings suggest that the HIF-1α

highest percentage of cases with strong positivity was

/CAIX axis is present in ccRCC, and reflects the prominent

observed in Furhman grade 2 (40,5%- group 0) and grade 3

role of HIF-1α in tumor hypoxia, which is one of the

(35,7%- group 1, 15/42).

histological signs of RCC (Table 1 and Figures 1-5).
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Count

Age (years)
Mean

66.9

Standard Deviation

8.03

Variation

50 -79 years

Sex
Male

27 (64.3%)

Female

15 (35.7%)

nuclear Furhman grade 1

2 (4.8%)

nuclear Furhman grade 2

17 (40.5%)

nuclear Furhman grade 3

15 (35.7%)

nuclear Furhman grade 4

8 (19%)

Tumor Location
left

20 (47.6%)

right

22 (52.4%)

Renal vein infiltration
negative

36 (85.7%)

positive

6 (14.3%)

Vascular Infiltration
negative

35 (83.3%)

positive

7 (16.7%)

Perineural infiltration
negative

39 (92.9%)

positive

3 (7.1%)

HIF-1-alpha and CAIX exhibited similar expression patterns, which were highly correlated (τ=0.588 p=0.01).

Table 1: Demographic and clinicopathological characteristics of 42 patients.
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Histogram 1: Frequencies of patients according to Grade Furhman.
3.4 Correlation of HIF-1α and CAIX with tumor Grade

1A (grouping variable). In contrast, the vascular infiltration

No difference was detected in HIF-1α or CAIX expression

and Furhman grade showed significant differences when

in different groups of gender, age, renal nerve or vein

examined with HIF-1A (P=0.041 and 0.006 respectively).

infiltration, or tumor location. On the contrary, we detected

When examined with CAIX, only Furhman grade showed

higher

HIF-1α

in

the

group

with

more

intense

angioinvasion (p=0.041).

any difference (P=0.032). The Man-Whitney test showed
that HIF-1A and CAIX levels in Furhman grade 1 and 2
tumors (group 0) were significantly different from those in

3.5 Collectively about HIF-1 α and CAIX

Fuhrman grade 3-4 samples (group1; p=0.001 and p=0.003

Samples of 42, 27 male and 15 female patients (Table 1) of

respectively, asymt. Sig. 2- tailed). A Kendall’s tau-b test

mean age 66.9 were statistically evaluated. Concerning age,

showed the correlation between HIF-1A and CAIX, and

sex, renal nerve infiltration, renal vein infiltration and

with a coefficient=0.588 the correlation was significant at

tumor location (left or right kidney), there was no

the 0.01 level (2- tailed).

statistically significant difference when examined with HIF-
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Figure 1: positive immunohistochemistry expression of HIF-1a in case of clear cell renal cell carcinoma ( Zoom in 40X). The
staining is nuclear and is observed in all tumor cells. The intensity of the staining is bold.

Figure 2: positive immunohistochemistry expression of HIF-1 α in case of clear cell renal cell carcinoma (Zoom in 40X). The
staining is nuclear and is observed in a large number of tumor cells. The intensity of the staining is medium.
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Figure 3: Positive immunohistochemistry expression of HIF-1 α in few cells of clear cell renal cell carcinoma. (Zoom in 40X).
The staining is nuclear, the intensity of the staining is low.

Figure 4: Intense, positive nuclear immunohistochemistry expression of HIF-1 α in clear cell renal cell carcinoma, Furhman
Grade 3 (Zoom in 40X).
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Figure 5: Intense, positive nuclear immunohistochemistry expression of HIF-1 α in clear cell renal cell carcinoma, Furhman
Grade 4 (Zoom in 40X)

Figure 6: Intense, Positive staining for CAIX in all cells of clear cell renal cell carcinoma with membrane location (Zoom in
40X)
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Figure 7: Positive, membrane staining for CAIX in all cells of clear cell renal cell carcinoma (Zoom in 10X) the intensity is
medium

4. Discussion

examination of ccRCC and in patient stratification. In fact,

Clear cell renal cell carcinoma is pathogenetically related to

a recent meta-analysis which included 14 studies and over

the loss of the VHL tumor suppressing gene, with

1258

consequent deregulation of hypoxia pathways and HIF-1α

immunohistochemical overexpression of HIF-1α is related

overexpression [16]. In our study, we detected positive

to reduced overall survival [20].

patients

with

ccRCC

showed

that

the

nuclear expression of HIF-1α in all tumors. This expression
was independent of patient’s age or sex. Our findings are

Moreover, our study showed that the overexpression of

consistent with previous reports [17]. Since inactive HIF-1α

HIF-1a is related to vascular invasion, which indicates more

remains in the cytoplasm, the nuclear location of HIF-1α in

aggressive biological behavior. However, we did not show

all cases indicates its transcriptional activity [18].

a similar correlation to renal vein neoplastic invasion,
probably due to the small number of cases included in our

Using a semi-quantitative method for evaluation of the

study. In ccRCC hypoxia-induced CAIX expression occurs

immunohistochemical expression, tumors in our study were

because of the VHL gene mutation [16], with CAIX being

separated into those with high HIF-1α expression and those

considered as a diagnostic marker, although its prognostic

with low HIF-1α expression. Higher expression was related

and predictive role remains controversial. Most studies have

to higher Furhman nuclear grade, as has been demonstrated

shown that strong immunohistochemical CAIX expression

by other investigators as well [19]. Considering the

is related to a favorable prognosis in patients with ccRCC

prognostic value of Furhman grade, our results could

[21]. However, other investigators have reported that CAIX

possibly indicate the complimentary role of HIF-1α

expression is not an independent prognostic factor [22-24].

immunohistochemical

stain

in
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In our study, we detected immunohistochemical expression

1α and CAIX expression as prognostic markers in patients

of CAIX in all tumors. The immunoscores were related to

with ccRCC.

HIF-1α expression and angioinvasion, a factor that suggests
highly aggressive biological behavior. Moreover, CAIX

Conflict of Interest

expression was not correlated to the age or sex, a finding

No conflict of interest was declared by the authors.

that is in agreement with previous studies [25]. On the
contrary,

we

found

that

the

immunohistochemical

expression of CAIX was related to Furhman grade, since
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