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Abstract

Background Carbonic anhydrase IX (CAIX) is involved

in pH homeostasis, growth and survival of tumor cells.

Besides the membranous form of CAIX, a soluble form is

detectable in serum (s-CAIX). Overexpression of CAIX in

tumors offers the opportunity for therapeutic strategies

such as CAIX targeting antibodies. The aim of this study

was to examine the relationships of CAIX mRNA

expression and s-CAIX levels with clinicopathological

parameters and survival of patients with primary breast

cancer.

Methods Tumor tissue of 169 primary breast cancer

patients was analyzed for RNA expression by microarray

analysis (Affymetrix HG-U133A). Concentration of

s-CAIX was determined by ELISA in blood samples of 140

patients.

Results In tumor tissue, CAIX mRNA signal intensities

(MAS5 values) ranged from 34 to 2,513. Higher CAIX

expression was associated with younger age (\/C50 years

p = 0.040), negative hormone receptors (estrogen receptor

p = 0.004; progesterone receptor p = 0.022) and positive

nodal status (p = 0.001) as well as with shorter disease-

free survival (p = 0.031). Concentrations of s-CAIX ran-

ged from 56 to 1,500 pg/ml. There was no correlation

between s-CAIX and CAIX mRNA levels as well as clin-

icopathological characteristics or outcome.

Conclusion In contrast to reported immunohistochemical

studies, we performed RNA-based tissue analyses of CAIX

expression and, for the first time, analyzed CAIX serum

levels in primary breast cancer. The correlations between

CAIX RNA expression and prognostic factors and patient

outcome support a biologic role of CAIX in early breast

cancer. A role of s-CAIX in primary breast cancer is not

supported by our findings.
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Background

Hypoxia and acidosis play a role in carcinogenesis, and cel-

lular hypoxia in cancer cells is reported to correlate with poor

prognosis and resistance to therapy (Fang et al. 2008; Gatenby

et al. 2007; Potter and Harris 2003). Under anaerobic condi-

tions, glycolysis is increased causing an acidotic environment

that leads to upregulation of pH-controlling enzymes such as

hypoxia-inducible factor (HIF) and related proteins as car-

bonic anhydrases (Fang et al. 2008; Gatenby et al. 2007).
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Carbonic anhydrase IX (CAIX), one of 15 isoforms in

humans, is a membranous metalloenzyme that is involved

in pH homeostasis (Potter and Harris 2003; Winum et al.

2009a). It catalyzes the conversion of CO2 to bicarbonate

and proton and thus is involved in pH control. Besides this

function, CAIX has been implicated in cell-adhesion,

growth and survival of tumor cells. It was shown that

inhibition of CAIX was correlated with reduced growth and

survival of cancer cells (Robertson et al. 2004; Potter and

Harris 2004; Zavada et al. 1993). CAIX is expressed in

some normal tissues such as stomach, gall bladder and

duodenum (Ivanov et al. 2001). Contrasting its restricted

expression in normal tissue, CAIX is observed to be

strongly expressed in a variety of malignant tumor tissues:

cervical cancer and clear cell carcinoma of the kidney and,

at a lower expression level, in carcinomas of the breast,

head and neck, lung and brain tumors (Kaluz et al. 2009).

A high level of CAIX expression, based on immunohisto-

chemical analyses, is associated with a poor prognosis in

some solid cancers (Chia et al. 2001; Loncaster et al.

2001). In contrast, patients with renal cell cancer and high

CAIX level show a better survival (Bui et al. 2003).

Overexpression of CAIX offers the opportunity for

therapeutic strategies such as CAIX targeting antibodies

(WX-G250, Rencarex�) which are evaluated in clinical

trials of solid tumors, for example, renal cell cancer, but

currently not breast cancer (Winum et al. 2009b; Bleumer

et al. 2006; Siebels et al. 2011; Bui et al. 2003). CAIX

expression might be a predictive marker for anticancer

therapy by CAIX-inhibition. In addition, tumor hypoxia is

assumed to be induced by agents targeting angiogenesis,

for example, the VEGF-antibody bevacizumab (Bareschino

et al. 2011). Therefore, the regulation of CAIX could be

also of interest in the context of these approaches.

Besides the transmembrane form of CAIX, there is a

soluble form (s-CAIX) that is released by proteolytic

cleavage and can be detected in serum (Zavada et al. 2003).

Serum is easily accessible and s-CAIX is therefore a

potential marker for patient stratification, therapy moni-

toring and prognosis. Although there is some information

about s-CAIX in solid tumors and gynecologic tumors,

there is only one report about s-CAIX in patients with

metastatic breast cancer and no published study in primary

breast cancer (Zavada et al. 2003; Woelber et al. 2010;

Kock et al. 2011; Carney 2007; Müller et al. 2011).

Several prognostic markers such as tumor size, nodal

status and hormone receptor status are currently used to

classify breast cancer patients (Mori et al. 2002). Still, many

patients seem to be not optimally treated with conventional

therapeutics suggesting that this commonly used stratification

does not fully consider the heterogeneity of breast cancer.

This is also of high relevance in the context of new thera-

peutic options in breast cancer and other solid tumors.

So far, reports of CAIX expression were based on

immunohistochemical analyses. The aim of this study was

therefore to investigate the correlation of clinicopatholog-

ical factors with both cellular CAIX in tumor tissue, based

on RNA analyses, and its soluble form s-CAIX in sera of

primary breast cancer patients and the potential role of

these markers as targets for therapeutic approaches.

Methods

Patients

Tumor tissue samples of 169 patients with primary breast

cancer undergoing surgery in the Department of Gynecology,

University Medical Center Hamburg-Eppendorf, Germany,

were included in this study. Clinical and histopathologic

factors (age, nodal status, hormone receptor status, grading,

tumor stage, histological subtype) were obtained by

reviewing medical charts and pathologic reports. Detailed

patients characteristics are listed in Table 1.

Informed consent for the use of patient data, tumor tissue

and serum had been obtained from all patients in accor-

dance with local ethics committee according to the princi-

ples of the declaration of Helsinki. Patients were treated

with surgery, radiotherapy and systemic treatment accord-

ing to national guidelines. Most patients received adjuvant

endocrine treatment and/or chemotherapy in both RNA and

serum group (88 and 89 %, respectively). Neither radio-

therapy nor neoadjuvant chemotherapy had been performed

prior to surgery and tissue acquisition. Patient selection was

based upon availability of tumor tissue and/or serum.

CAIX RNA expression

CAIX RNA expression was quantified by microarray

analysis (HG-U133A; Affymetrix, Santa Clara, CA. USA)

in 169 tumor tissue samples of patients with primary breast

cancer. RNA extraction, cDNA synthesis, labeling and

microarray analysis were performed as described (Schroder

et al. 2011). Affymetrix expression data were analyzed by

using the MAS5.0 algorithm according to the Affymetrix

statistical algorithms reference guide, technical report 2001.

For correlation with clinicopathological factors, the

cohort was divided into two groups of similar size

according to CAIX RNA levels (cutoff = median value

134). For survival analysis, CAIX RNA levels were divi-

ded in quartiles (cutoffs 91, 134 and 194).

Quantitative analysis of serum CAIX level

Blood samples of 140 patients with primary breast cancer

were obtained before surgery, and serum concentration of
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CAIX was determined by a commercially available ELISA

(Wilex Inc., Oncogene Science, Cambridge, MA 02140,

USA). For comparison, serum samples from 48 female

healthy volunteers (mean age 64 years; range 50–81 years)

were analyzed. Serum samples and controls were diluted

1:2 with sample diluting buffer (containing bovine serum

albumin, mouse IgG, buffer salts, and 0.09 % sodium

azide). One hundred microliters of the standard, of diluted

control samples and of diluted serum samples were dis-

pensed into the wells of 96-well plate (coated with the

monoclonal capture antibody) and incubated for two hours

at room temperature on a shaker at 800 rpm. Wells were

washed, and 100 ll of the detection antibody (containing

biotinylated anti-CAIX antibody) was added. The plates

were incubated for 30 min at room temperature, washed

and then further incubated with 100 ll of a streptavidin

horseradish peroxidase conjugate for 30 min at room

temperature. After washing, 100 ll of chromogenic sub-

strate (TMB blue substrate) was added for 30 min at room

temperature.

The reaction was stopped with 100 ll of 2.5 N sulfuric

acid, and absorbance was read at 450 nm by an automated

plate reader (Tecan, Crailsheim, Germany). The CAIX

concentration was estimated from the standard curve. Each

sample, standard and control, was analyzed in duplicate.

Intraassay and interassay variation was less than 10 %.

Statistics

Correlations of CAIX and s-CAIX with clinical and his-

tological parameters were performed by chi-square tests.

For this purpose, the cohort was first divided into quartiles

according to the CAIX values, which were then compared

with respect of age (\50 vs.[/=50 years), stage (pT1 vs. 2

vs. 3/4), grading (G1–2 vs. G3), histological type (ductal

vs. lobular vs. others), nodal involvement and estrogen

receptor (ER) or progesterone receptor (PR) status. Since

the median value turned out to be the optimal cutoff, we

then performed chi-square tests with two groups (CAIX

expression \median vs. [/=median).

Kaplan–Meier analysis of disease-free and overall sur-

vival using the Log-rank tests was performed with four

groups (quartiles) since the last quartile differed clearly

from the rest (Q1–Q3). S-CAIX serum levels in breast

cancer samples and controls were compared by two-sided

T test. p values \0.05 were considered statistically signif-

icant. Statistical analysis was performed using SPSS ver-

sion 20. The study was performed in accordance to the

REMARK criteria (Hayes et al. 2006).

Results

Patients

A total of 169 tissue samples and 140 blood samples of

patients with early breast cancer were included in this

Table 1 Patients characteristics (RNA CAIX n = 169; Serum CAIX

n = 140)

RNA CAIX Serum CAIX

Age (years)

Range 29–85 29–85

Median 56.15 56.15

Age \50 years (n) 52 43

Age C50 years (n) 117 97

pT

pT1 40 (24 %) 42 (30 %)

pT2 112 (66 %) 84 (60 %)

pT3 5 (3 %) 5 (4 %)

pT4 8 (5 %) 7 (5 %)

Unknown 4 (2 %) 2 (1 %)

pN

pN - 120 (71 %) 98 (70 %)

pN ? 47 (28 %) 42 (30 %)

Unknown 2 (1 %) 0

Histological subtype

Ductal 118 (70 %) 80 (57 %)

Lobular 27 (16 %) 23 (17 %)

Others/unknown 24 (14 %) 37 (26 %)

Grading

1 12 (7 %) 13 (9 %)

2 66 (39 %) 57 (41 %)

3 85 (50 %) 66 (47 %)

Unknown 6 (4 %) 4 (3 %)

Hormone receptor status

ER positive 118 (70 %) 114 (81 %)

ER negative 42 (25 %) 20 (14 %)

ER unknown 9 (5 %) 6 (5 %)

PR positive 100 (59 %) 115 (82 %)

PR negative 60 (36 %) 21 (15 %)

PR unknown 9 (5 %) 5 (3 %)

Adjuvant therapy

Chemotherapy 108 (64 %) 89 (64 %)

Endocrine therapy 95 (56 %) 83 (59 %)

Chemo- and/or endocrine therapy 149 (88 %) 124 (89 %)

Survival (months)

Disease-free survival (mean) 80 78

Overall survival (mean) 84 84

Follow-up (mean and range; months) 84 (7–169)a 87 (10–164)

ER estrogen receptor, PR progesterone receptor
a n = 167
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study. In 76 patients, both RNA data and serum levels of

CAIX were available. Median age of patients in both

cohorts was 56 years.

Most patients had a pT2 tumor stage (66 % in RNA

analysis group and 60 % in serum analysis group) and

no axillary lymph node metastasis (71, 70 %, respec-

tively). ER and/or PR status was positive in 70 % in

the RNA cohort (ER positive 70 %, PR positive 59 %,

respectively) and in 85 % of patients in the serum

cohort (ER positive 81 %, PR positive 82 %, respec-

tively). Most patients had received an adjuvant sys-

temic therapy in RNA and serum group (chemotherapy

in both cohorts 64 %; endocrine treatment 56 and

59 %, respectively). For patient characteristics, see

Table 1.

CAIX RNA expression

For CAIX RNA expression analyses, 169 tissue samples of

patients with primary breast cancer were included. CAIX

RNA signal intensities ranged from 34 to 2,513 with a

mean value of 200.05.

High CAIX RNA expression was associated with

younger age. Patients younger than 50 years showed a

median RNA intensity of 153, while patients with an age of

50 years and older had a lower median signal intensity of

120 (p = 0.040; Table 2).

We could demonstrate a significant correlation of high

CAIX RNA levels with negative hormone receptor status

(ER p = 0.004; PR p = 0.022) and with positive nodal

status (p = 0.001). In addition, weak associations of high

CAIX RNA expression with poor differentiation (G1/2 vs.

G3 p = 0.050) and with a ductal histological type

(p = 0.057) could be found. Table 2 summarizes the cor-

relation of CAIX expression with clinicopathological

factors.

By Kaplan–Meier analysis and log-rank test with four

groups (quartiles), high CAIX expression was associated

with significantly shorter recurrence-free survival

(p = 0.031, Fig. 1a). By univariate Cox regression analy-

sis, the probability of recurrence in patients with high

CAIX expression (highest quartile Q4) was twofold com-

pared to quartiles Q1–Q3 (hazard ratio 1.94; 95 % CI

1.11–3.38; p = 0.020). No correlation with overall survival

was observed (p = 0.577; Fig. 1b).

The prognostic value of CAIX expression was analyzed

by Cox regression analysis including tumor stage, hormone

receptor status, nodal status and grading. In multivariate

analysis, the prognostic value of CAIX expression for

shorter recurrence-free survival lost its statistical signifi-

cance (p = 0.139; not shown).

Serum CAIX

A total of 140 blood samples taken before surgery of

patients with primary breast cancer were analyzed. Con-

centrations of s-CAIX ranged from 56 to 1,500 pg/ml

(median 296 pg/ml) and did not differ significantly from

s-CAIX levels in the control cohort of 48 healthy female

volunteers (26–1,133 pg/ml; median 199 pg/ml) (Fig. 2).

We could not show a correlation with clinical or histo-

logical parameters including age, stage, histological type,

grading and hormone receptor status (not shown). Fur-

thermore, there was no significant association between

s-CAIX and disease-free survival or overall survival.

Correlation CAIX expression and serum CAIX

In 76 patients, both CAIX RNA and serum level were

available.

Table 2 Correlation between CAIX RNA expression and clinico-

pathological factors (n = 169)

CAIX expression p value

\median [median

Age

\50 years 20 32 0.040

C50 years 65 52

pT stage

1 20 20 0.697

2 57 55

3–4 5 8

Nodal status

pN0 69 51 0.001

pN1 14 33

Hormone receptor

ER pos. 67 51 0.004

ER neg. 13 29

PR pos. 57 43 0.022

PR neg. 23 37

Grading

1–2 45 33 0.050

3 36 49

Histological subtype

Ductal 58 61 0.057

Lobular 18 8

Others 7 13

ER estrogen receptor, PR progesterone receptor, pos. positive, neg.

negative

J Cancer Res Clin Oncol

123

Author's personal copy



There was no correlation between s-CAIX serum levels

and CAIX RNA expression in tumor tissues (p = 0.332).

Discussion

Understanding the biology of breast cancer is important for

many reasons. One aspect is to estimate prognosis and risk

of recurrence in order to stratify patients for treatment.

There are several well-established prognostic factors such

as tumor size and lymph node metastases as well as pro-

liferation markers associated with more aggressive tumor

behavior. Despite this variety of known prognostic factors,

not all patients are treated optimally and new prognostic

and predictive markers could be helpful to improve strati-

fication for an individualized therapy. In this study, we

analyzed CAIX on RNA level in breast cancer to examine

its potential biologic relevance.

RNA expression analyses of bulk tumor tissue samples

cannot discriminate between expression in carcinoma cells

and accompanying normal tissue. However, CAIX

expression in normal tissue is highly restricted to specified

tissue as, for example, intestinal tissue but not breast tissue

(Ivanov et al. 2001; Hussain et al. 2007). In contrast, CAIX

is expressed in a variety of malignant tumors, for example,

breast cancer (Kaluz et al. 2009). Therefore, detection of

CAIX RNA in breast cancer tissue samples might be

mostly due to malignant cells and not normal breast cells.

As a membrane protein, CAIX might be an interesting

target for treatment. To our knowledge, no reports so far

evaluated the aspect of RNA-based tissue analyses and

quantitative protein measurement in serum for CAIX. Both

approaches are of clinical relevance. The RNA-based tissue

analyses could be integrated into multigene analyses per-

formed for prognostic and predictive purposes, and serum

is easy to obtain during the course of treatment.

A prognostic relevance of CAIX protein expression was

already described in breast cancer. Lou et al. analyzed the

expression of CAIX in tumor tissue microarray and could

demonstrate that CAIX is detectable by immunohisto-

chemistry in approximately 16 % of patients (Lou et al.

2011). Other reports detected CAIX expression by immu-

nohistochemistry in 26–48 % of breast cancer patients,

with a correlation between CAIX expression and poor

Fig. 1 Kaplan-Meier estimation of a disease-free survival and

b overall survival. Q1–4 = CAIX RNA expression quartile 1–4

Fig. 2 Box plot of s-CAIX levels of breast cancer patients and

healthy controls. Serum concentrations of s-CAIX (n = 140) ranged

from 56 to 1,500 pg/ml (median 296 pg/ml) and did not differ largely

from s-CAIX levels in the control cohort of 48 healthy female

volunteers (26–1,133 pg/ml; median 199 pg/ml) (T test p = 0.555)
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prognosis. (Hussain et al. 2007; Chia et al. 2001; Brennan

et al. 2006). These results are consistent with our data

based on RNA analysis that show a shorter disease-free

survival of patients with high CAIX expression. However,

in our study, we could not demonstrate a correlation

between CAIX RNA expression and overall survival

(p = 0.577). Brennan et al. analyzed CAIX expression in

premenopausal breast cancer patients. Multivariate analysis

showed CAIX as an independent prognostic factor for poor

survival (Brennan et al. 2006). In our patient cohort, the

prognostic value of CAIX expression lost its statistical

significance in multivariate analysis. This less pronounced

prognostic relevance observed could be explained by the

influence of treatment after recurrence and the size of the

patient cohort as well as different techniques used for

CAIX analyses.

Correlation between shorter survival and high CAIX

level might be associated with other aggressive tumor

characteristics. Our data show significant relationships

between high CAIX RNA level and poor differentiation,

young age and negative hormone receptor status which

might explain why CAIX lost its prognostic relevance in

multivariate analysis. In prior studies, downregulation of

ER in hypoxic environment and hypoxia-induced expres-

sion of CAIX was described which is consistent with the

observed association of high CAIX and negative ER levels

(Stoner et al. 2002).

Besides the negative correlation between CAIX mRNA

levels and hormone receptor status, we observed a positive

correlation to lymph node metastases. Tafreshi and coworkers

analyzed CAIX expression in lymph node metastases in

breast cancer patients and developed targeted imaging probes

by CAIX-specific antibodies to detect sentinel lymph node

metastases in a mouse model (Tafreshi et al. 2012). In our

present study, only primary tumors were investigated.

CAIX expression is also described in gynecologic

tumors, that is, cervical, ovarian and vulvar malignancies.

In cervical cancer, high CAIX levels, analyzed by immu-

nohistochemistry, correlate with advanced tumor stage and

lymph node metastases (Woelber et al. 2011). In vulvar

cancer patients, we observed a shorter disease-free survival

in cases with high CAIX expression (Kock et al. 2011). In

ovarian cancer, a prognostic relevance was also observed

for high CAIX protein expression (Choschzick et al. 2011).

In contrast to CAIX protein expression analyses, studies

examining s-CAIX in breast cancer patients are rare. Serum

CAIX is easy to measure by blood tests and might not only

be a prognostic parameter but also a potential marker of

treatment response. Thus, we also examined s-CAIX in our

study. Our data in patients without metastases do not point

to any correlations with clinical or histological parameters

and do not support a role of s-CAIX measurements in

clinical routine.

S-CAIX was also analyzed in renal cell cancer patients

showing higher values in patients with metastatic tumors

than in localized disease. Besides, high serum levels were

associated with disease recurrence (Li et al. 2008). Ele-

vated s-CAIX values were also observed in gynecological

tumor patients with different results with respect of its

potential prognostic role (Woelber et al. 2011; Woelber

et al. 2010; Kock et al. 2011).

We previously could show a prognostic relevance of

s-CAIX in metastatic breast cancer patients. High levels

were correlated with a shorter progression-free survival and

overall survival and the presence of circulating tumor cells

(Müller et al. 2011). Our study is the first one investigating

the role of s-CAIX level in primary breast cancer patients.

However, in contrast to metastatic tumors, we could not

show a prognostic relevance of s-CAIX in our cohort. A

possible explanation for this might be changed tumor

characteristics in patients with primary and metastatic

breast cancer. In a similar way, the breast cancer associated

tumor marker CA 15-3 showed different prognostic rele-

vance in localized and metastatic breast cancer (Duffy et al.

2010). A potential drawback of our study is the incomplete

overlap between the cohorts for serum and tissue deter-

mination of CAIX. However, it seems very unlikely that

the results would differ with a greater overlap.

Despite the fact that we did not observe prognostic

relevance for s-CAIX, this marker might be of interest in

the context of therapeutic approaches directly targeting the

CAIX protein or of strategies targeting angiogenesis

thereby affecting the oxygenation of the tumors, for

example, the VEGF-antibody bevacizumab. However, our

cohort of patients did not receive targeted treatment, and

therefore, we cannot draw any conclusions concerning this

issue.

Conclusion

In contrast to reported studies, we performed RNA-based

tissue analyses of CAIX expression and, for the first time,

we analyzed CAIX serum levels in primary breast cancer.

The correlation between CAIX RNA expression in tumor

tissue and prognostic markers such as hormone receptor

status, age and lymph node metastases as well as with

shorter disease-free survival support a biologic role of

CAIX in early breast cancer. The role of s-CAIX in pri-

mary breast cancer as predictive marker in the context of

new treatment approaches remains uncertain.
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