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Abstract The aim of this studywas to examine the prognostic
significance of carbonic anhydrase IX (CA-IX), an endoge-
nous marker for tumor hypoxia; endoglin (CD105), a
proliferation-associated and hypoxia-inducible glycoprotein
and 8-hydroxy-2′-deoxyguanosine (8-OHdG), an oxidative
DNA lesion, in breast cancer patients. Immunohistochemical
expressions of CA-IX, CD105 and 8-OHdG, analyzed on
paraffin-embedded tumor tissues from forty female breast
cancer patients, were used to assess their prognostic implica-
tion on overall survival (OS) and relapse-free survival (RFS).
Patients with high CA-IX expression (above cut-off value) had
a higher occurrence of relapse (P=0.002). High CA-IX
expression was significantly associated with shorter RFS

(P<0.001, hazard ratio (HR) 0.21) and shorter OS (P<0.001,
HR 0.19). Lymph node negative patients with high CA-IX
expression had worse RFS (P=0.031, HR 0.14) and OS
(P=0.005, HR 0.05). Patients with grade I&II tumors and
high CA-IX expression showed shorter RFS (P=0.028, HR
0.28) and OS (P=0.008, HR 0.20). Worse OS (P=0.046, HR
0.28) was found in subgroup of patients with grade II tumors
and high CA-IX expression. Among all three markers, only
high CA-IX expression was strong independent prognostic
indicator for shorter OS (HR 4.14, 95% CI 1.28–13.35,
P=0.018) and shorter RFS (HR 3.99, 95% CI 1.38–11.59,
P=0.011). Elevated expression of CA-IX was an independent
prognostic factor for decreased RFS and OS and a significant
marker for tumor aggressiveness. CD105 had week prognos-
tic value; whereas, 8-OHdG, in this study, did not provide
sufficient evidence as a prognostic indicator in breast cancer
patients.
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Introduction

Breast carcinoma is the most frequent malignancy in
women and the second leading cause of cancer-related
deaths in women in the Western world [1]. Although,
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improvements in early detection and treatment strategy
have resulted in decreased breast cancer mortality, reliable
prognostic and predictive markers of breast cancer are still
widely needed. Beside the established prognostic value of
histological factors such as axillary lymph node status,
tumor size, tumor grade, and hormonal receptor status
[2–5], additional indicators which can refine the risk of
relapse, predict individual patient prognosis and allow for
treatment adjustment are still to be identified.

Oxygenation, an indicator of tumor physiologic status, has
potentially important prognostic value. Tumor necrosis has
also been shown to be a prognostic indicator [6]; however, it
is nonspecific and may not always be associated with severe
hypoxia [7–9]. Hypoxia is one of the hallmarks of cancer
[10], whose presence has been established in different types
of solid tumors, including breast cancer [11]. Tumor hypoxia
is caused by lack of functional blood vessels, as well as
increased oxygen consumption in proliferating tumor tissue.
Malignant cells can undergo genetic and adaptive changes to
promote their survival under hypoxic conditions. These
changes enhance tumor resistance to chemotherapy and
radiotherapy, resulting in poor treatment outcome [12, 13].
Hypoxia-inducible genes, such as HIF-1α, along with their
downstream gene products (i.e. VEGF), have been examined
for their ability to serve as prognostic indicators [14–16].

One such downstream target of HIF-1α is carbonic
anhydrase IX (CA-IX), belonging to the family of zinc
metalloenzymes [17]. CA-IX is involved in the hydration
of carbon dioxide to carbonic acid, thereby, affecting cell
metabolism and pH regulation. Although present in normal
tissue, several clinical studies have revealed that elevated
CA-IX expression has prognostic value in breast cancer
[18–20], cervical cancer [21, 22], non-small cell lung cancer
[23–25], nasopharyngeal cancer [26], and renal cell carcino-
ma [27, 28]. CA-IX expression has been found to be strongly
associated with regions of necrosis, an indicator of intra-
tumoral hypoxia [29]. This data suggests that CA-IX may
serve as an endogenous marker for tumor hypoxia [30].

Endoglin (CD105), part of the TGF-β receptor complex,
is a proliferation-associated and hypoxia-inducible protein
abundantly expressed in endothelial cells of tumor blood
vessels, but not in most normal tissue [31, 32]. CD105, as a
measure of intratumoral microvessel density, could also be
used in terms of prognostic significance [33]. Two studies
[33, 34] have shown that CD105 expression is associated
with poor survival.

8-Hydroxy-2′-deoxyguanosine (8-OHdG) is an oxidized
DNA nucleoside that belongs to reactive oxygen species
and can attack lipid, protein and nucleic acid in living cells
[35, 36]. Nagashima et al. [37] reported no significantly
different 8-OHdG levels in breast cancer patients from
those of non-malignant samples. But other studies used
different measurement techniques and revealed higher

levels of 8-OHdG in patients with breast cancer [38–40].
So far, no significant associations of 8-OHdG with survival
or disease-free interval have been shown [41].

The purpose of this study was to use immunohistochemical
analysis of CA-IX, CD105 and 8-OHdG to evaluate these
hypoxia, neoangiogenesis and oxidative stress markers as
potential prognostic factors for overall survival and relapse-
free survival in breast cancer patients. Special attention was
put on lymph node negative patients and those with grade I&II
tumors, whose survival prognosis and therapeutic treatments,
could be potentially assessed according to the extent of
markers expression.

Patients and Methods

Study Population

Forty female breast cancer patients operated at the University
Hospital for Tumors, Zagreb in the period from year 1999 to
2005 were included in this study. All patients had invasive
ductal carcinoma and other patients’ characteristics are listed
in Table 1. The median follow-up of surviving patients at the
time of analysis was 55.8 months (range: 10.3–83.5 months).
Follow-up data were obtained from medical records.
Survival times were measured from the date of surgery to
the time of death or last follow-up observation. All tumor
samples were collected following the ethical principles
approved by Institutional Ethical Board, and in concordance
with the Declaration of Helsinki. Informed consent was
obtained from each patient.

Immunohistochemistry
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Immunohistochemistry for CA-IX, CD105, and 8-OHdG
was performed on consecutive 5-μm sections of formalin-
fixed, paraffin-embedded tissues placed onto positively
charged glass slides. Tissue sections were deparaffinized
and rehydrated using xylene and ethanol (100-80%).
Endogenous peroxidase activity was quenched with 3%
hydrogen peroxide for 15 min. For microwave antigen
retrieval, slides were heated twice on high power for 5 min
each. Tissue sections were rinsed with phosphate-buffered
saline, blocked with 10% donkey serum, and incubated
with primary antibodies to 8-OHdG (1:2000, JaICA,
Shizuoka, Japan), a marker of oxidative stress, CA-IX
(1:100, Santa Cruz Biotechnology Inc., Santa Cruz, CA), a
marker for hypoxia, and CD105 (1:20, Dako, Glostrup,
Denmark) to assess angiogenesis, overnight at 4°C.
Simultaneous incubation of slides in which primary
antibody was omitted served as negative control. Slides
were rinsed three times with phosphate-buffered saline
(PBS) and incubated with the appropriate biotinylated



secondary antibody (1:1000, v/v) for 30 min at room
temperature. Again, slides were washed three times with
PBS, followed by incubation with ABC-Elite kit (Vector
Lab, Inc., Burlingame, CA). Slides were again washed in
PBS and color was developed using five-minute incubation
with 3,3′-diaminobenzidine (DAB) solution (Laboratory
Vision, Fremont, CA). Slides were counterstained with
Harris hematoxylin (Fisher Scientific, Pittsburgh, PA). To
assess variability of immunostaining, we included a
positive sample in each batch of 20 tumor samples.

Image analysis was performed as previously described
[24]. For image analysis, two independent investigators,
blinded to clinical outcome, evaluated all slides and
differences between the two observers were resolved by
consensus. The degree of positive CA-IX staining was
assessed at high magnification (200x) using a semiquanti-
tative scale of 1 to 3 and the percentage of tumor cells
staining positive for CA-IX were measured at low magni-
fication (40x). The mean value of the examined fields was
the final value. The CA-IX score was derived from the

product of the percentage of tumor cells staining for CA-IX
and the average intensity of that staining [24, 25].

Angiogenesis was accessed using CD105 positivity, a
marker for microvascular density (MVD). Tumor sections
were evaluated for MVD at 40x magnification. Microvessel
density was expressed as the number of vessels per field.
The mean value from three fields was recorded as the MVD
for each tumor.

Oxidative stress was quantified by determining the percent
area of positive 8-OHdG expression per tumor section.

Assessment of Tumor Necrosis

Tumor necrosis was assessed on both CA-IX-stained
sections and hematoxylin and eosin (H&E)-stained
sections. The extent of necrosis was assessed at low
magnification (40x), and cases were divided into two
groups according to the extent of necrosis: minimal
necrosis group, with necrosis in less than 5% of the optical
fields; and moderate to severe necrosis group, with necrosis
in more than 5% of the optical fields.

Statistical Analysis

Fisher’s exact test was used to assess the association and
distribution of categorical variables. Non-parametric
Spearman rank correlation coefficient (ρ) was used to
assess the correlation between expressions of markers.
Recurrence-free survival and overall survival curves were
calculated with the Kaplan–Meier Method and were com-
pared by the Log-Rank test. The Cox proportional hazards
regression model with forward stepwise variable selection
was used for multivariate analysis. Two-tailed P-values less
than 0.05 were considered statistically significant. Statistical
analyses were performed using MedCalc for Windows,
version 7.2.0.2 (MedCalc Software, Mariakerke, Belgium).

Results

Levels of CA-IX, CD105 and 8-OHdG Expressions
and Its Relation to Clinicopathologic Variables

Expression of CA-IX, CD105 and 8-OHdG were primarily
focal and membranous with a varying degree of cytoplasmic
reactivity (Fig. 1).

ROC (Receiver Operating Characteristic) curve analysis
was used to define cut-off point for categorizing expression
data into two groups, “low” and “high”. Cut-off values for
CA-IX, CD105 and 8-OHdG expressions were 52.5, 11 and
20, respectively. We analyzed correlation of these three
markers with pathologic variables in breast cancer patients
(Table 2).

Characteristics No. (%)

Age (years)

Median 61.5

Range 33–84

Histological grade

I 5 (12.5)

II 21 (52.5)

III 14 (35)

Tumor size

<= 5 cm 35 (87.5)

> 5 cm 5 (12.5)

Lymph node status

Negative 18 (45)

Positive 22 (55)

ER status

ER− 6 (15)

ER+ 34 (85)

PR status

PR− 11 (27.5)

PR+ 29 (72.5)

Her2 status

Her2− 14 (35)

Her2+ 6 (15)

Not determined 20 (50)

Survival

Alive 16 (40.0)

Dead 24 (60.0)

Recurrence

Non-recurrence 15 (37.5)

Recurrence 25 (62.5)

Table 1 Patients’ characteristics
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High expression of CA-IX was associated with moderate
to severe necrosis (P=0.004) and positive lymph nodes
(P=0.003). High expression of CD105 was also associated
with moderate to severe necrosis (P=0.046) and positive

lymph nodes (P=0.005). High expression of 8-OHdG was
significantly associated only with moderate to severe
necrosis (P=0.006). There was no significant association
between expression of any marker and tumor size,

Fig. 1 Representative photomicrographs of CA-IX, CD105 and 8-
OHdG immunohistochemical staining. Nil presents negative control,
consecutive slides show areas with ascending staining intensity.

Squares represent magnified encircled areas. Original magnification
200×, bar represents 100 μm

Table 2 Levels of markers’ expression in relation to clinicopathologic variables

Variables CA-IX expression CD105 expression 8-OHdG expression

LOW HIGH P-valuea LOW HIGH P-valuea LOW HIGH P-valuea

<=52.5 >52.5 <=11 >11 <=20 >20

Necrosis

Minimal 7 1 0.004 7 1 0.046 7 1 0.006

Moderate to severe 9 23 14 18 10 22

Lymph node status

Negative 12 6 0.003 14 4 0.005 8 10 1.000

Positive 4 18 7 15 9 13

Tumor Size

<= 5 cm 15 20 0.631 19 16 0.654 15 20 1.000

> 5 cm 1 4 2 3 2 3

Histological grade

I&II 13 13 0.101 15 11 0.51 12 14 0.739

III 3 11 6 8 5 9

a Fisher’s exact test was used
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histological grade, steroid receptor status or HER2 status
(data not shown).

Association of CA-IX, CD105 and 8-OHdG Expressions

To determine the association between expression of CA-IX ,
CD105 and 8-OHdG, CA-IX score values were compared
with CD105 and 8-OHdG values with Spearman Rank Test.
CA-IX score showed statistically significant, but weak,
correlation with 8-OHdG (ρ=0.465, P=0.004, data not
shown). Association of high CA-IX expression group with
high 8-OHdG group showed marginal statistical significance
(P=0.053, data not shown). Expression of CD105 showed
association with neither CA-IX nor 8-OHdG.

Relationship of CA-IX, CD105 and 8-OHdG Expressions
with Postoperative Recurrence and Survival

Among the 40 patients, 25 (62.5%) had local and/or distant
tumor recurrence. Relapse was significantly higher in
patients with moderate to severe necrosis (P=0.036), grade
III tumors (P=0.040) and positive lymph nodes (P=0.001)
(Table 3). Patients with high CA-IX expression had a
higher occurrence of relapse (P=0.002) (Table 3). The
fraction of patients with high CD105 expression trended

toward having tumor recurrence; however, it was of
marginal statistical significance (P=0.055) (Table 3).
Tumor size and level of 8-OHdG expression were not
associated with recurrence (Table 3).

Twenty-four (60%) patients died during follow-up period.
The cause of death was primary tumor recurrence. To examine
the importance of markers to recurrence-free survival (RFS)
and overall survival (OS), univariate analysis was performed.
Patients with high CA-IX expression showed shorter RFS and
OS (P<0.001 for both, hazard ratio (HR) 0.21 and 0.19,
respectively) (Fig. 2a and b). High CD105 expression was
associated with shorter RFS with marginal statistical signif-
icance (P=0.055, HR 0.46) and with shorter OS (P=0.032,
HR 0.41) (Fig. 2c and d). Level of 8-OHdG expression
showed no impact on RFS or OS (data not shown). Among
the clinicopathological variables, positive lymph nodes were
connected with both shorter RFS and OS (P<0.001 for both,
HR 0.19 for both) (Fig. 2e and f). Moderate to severe
necrosis was also connected with both shorter RFS
(P=0.027, HR 0.37) and OS (P=0.006, HR 0.28) (data not
shown). Patients with tumors larger than 5 cm showed both
shorter RFS (P=0.015, HR 0.15) and OS (P=0.011, HR
0.13) (data not shown). Grade III tumors showed both
shorter RFS (P=0.002, HR 0.23) and OS (P=0.003, HR
0.23) compared to grade I&II tumors (Fig. 2g and h).

Statistically significant difference in survival was seen
among lymph node-negative patients with elevated levels
of CA-IX expression. In this study, patients without
positive lymph nodes, but with high CA-IX expression
had both shorter RFS (P=0.031, HR 0.14) and OS
(P=0.005, HR 0.05) (Fig. 3a and b). Similarly, CA-IX
expression correlated with worse prognosis in patients with
grade I&II tumors. Those patients with high CA-IX
expression showed shorter RFS (P=0.028, HR 0.28) and
OS (P=0.008, HR 0.20) (Fig. 3c and d). In the same
subgroup of patients, statistically significant difference in
OS (P=0.017, HR 0.23) could be seen based on the level of
CD105 expression (Fig. 3f). RFS in those who had high
CD105 expression trended toward being shorter; however,
it was of marginal statistical significance (P=0.055, HR
0.33) (Fig. 3e). Within the subgroup of patients with only
grade II tumors, significant difference in OS could only be
seen based on the extent of CA-IX expression (P=0.046,
HR 0.28) (Fig. 3g). The level of 8-OHdG expression did
not correlate with prognosis in any subgroup of patients
(data not shown).

To examine the independent prognostic significance of
clinicopathological variables and markers expressions,
multivariate analysis was performed. Only variables that
had significant (P<0.05) univariate impact were used in
multivariate analysis (Table 4). Marker expression, extent
of necrosis, tumor size, lymph node status and histological
grade were used as binary categories. Only CA-IX score

Table 3 Relationship of markers’ expression and other clinicopath-
ological variables to disease recurrence

Variables Non-recurrence Recurrence P-valuea

Necrosis

Minimal 6 2 0.036

Moderate to severe 9 23

Lymph node status

Negative 12 6 0.001

Positive 3 19

Tumor size

<= 5 cm 15 20 0.137

>5 cm 0 5

Histological grade

I&II 13 13 0.04

III 2 12

CA-IX expression

LOW (<=52.5) 11 5 0.002

HIGH (>52.5) 4 20

CD105 expression

LOW (<=11) 11 10 0.055

HIGH (>11) 4 15

8-OHdG expression

LOW (<=20) 8 9 0.336

HIGH (>20) 7 16

a Fisher’s exact test was used
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(HR 4.14, 95% CI 1.28–13.35, P=0.018) and lymph node
status (HR 3.63, 95% CI 1.24–10.60, P=0.019) were
independent prognostic indicators for OS. CA-IX score
(HR 3.99, 95% CI 1.38–11.59, P=0.011), lymph node
status (HR 3.25, 95% CI 1.22–8.61, P=0.019) and
histopathological grade (HR 3.16, 95% CI 1.32–7.57,
P=0.010) were significant independent predictors for RFS.

Discussion

It is of great clinical importance to determine reliable and
verifiable diagnostic, prognostic, and predictive factors for
the purpose of providing individualized treatment strategies
and improving treatment outcome for patients with breast
cancer. Some of these prognostic factors have already been
defined; however, new research has placed greater empha-
sis on association between various cellular biomarkers and
disease recurrence and overall survival. Although most of
them still remain unknown there has been a lot of progress
in their discovery, such as CA-IX that represents the most
promising endogenous hypoxia marker.

This is the first study that evaluates together CA-IX,
CD105 and 8-OHdG as potential prognostic factors for overall
survival and relapse-free survival in breast cancer patients.
Each has been evaluated previously, alone, or in combination
with other markers, and only CA-IX and CD105 have
previously been shown to correlate to worse prognosis [18–
28, 33, 34]. The most uncertain data regarding predictive
potential, has been obtained with 8-OHdG. This oxidative
stress marker has only been shown to be more expressed in
cancer tissue as opposed to normal tissue [36].

For defining cut-off point for dichotomizing continuous
variables into “low” and “high” categories, ROC curve
analysis proved to be a better method, rather than using
median values of markers expression. The best statistical
significance we obtained with 52.5, 11 and 20 as cut-off
values to dichotomize CA-IX, CD105 and 8-OHdG
expressions, respectively.

Although, these markers are expressed in normal tissue,
their expression is significantly higher in tumor tissue as a
consequence of tumor growth and lack of oxygen supply,
leading to oxidative stress and hypoxia. In this study, all
three markers had higher expression in tumor areas with
moderate to severe necrosis, suggesting that necrosis is
associated with hypoxia [17], angiogenesis [6] and oxida-

tive stress [42]. Liao et al. [43] investigated the relationship
between CA-IX expression and clinical characteristics. The
authors found no association between CA-IX expression
and lymph node positive status; however, in this study,
positive lymph nodes showed higher levels of CA-IX and
CD105.

Weak, but statistically significant correlation between 8-
OHdG and CA-IX lends support to the hypothesis that
reactive oxygen species participate in stabilization of
hypoxia-inducible factor-1alpha (HIF-1α). HIF regulates
more than 40 genes involved in metabolic adaptation to
hypoxia [44, 45]. It would be interesting to see whether there
is a stronger correlation between HIF-1α and 8-OHdG in
breast cancer tissue. This study showed no association
between CD105 and CA-IX expression, which supports
previous research [43]. Lack of association suggests that
these markers develop independently during the process of
tumor hypoxia and have no impact on each other.

The most important prognostic factors in breast carcino-
ma still remain the traditional histopathological features of
tumor size, lymph node stage and histological grade [46],
all of which are incorporated into the Nottingham
Prognostic Index (NPI). It is well known that patients with
grade I or II tumors have better survival prognosis than
those with grade III [47]. However, patients with well-
differentiated tumors may often have worse prognosis. We
have shown that immunohistochemical staining for CA-IX
and CD105 markers could be used to differentiate relapse-
free survival in patients with grade I and II tumors. The
CA-IX expression could be used to differentiate subgroup
of patients with grade II tumors. Prognostic assessment for
patients with grade II tumors is often difficult to ascertain
as it is unclear whether individual tumors categorized as
grade II more closely resemble grade I, which are usually
associated with good outcome, or grade III tumors, which
are associated with poor outcome [47].

All node-positive breast cancer patients should receive
adjuvant systemic therapy because the 10-year recurrence
rate in this group reaches 70% [48]. However, for node-
negative patients, recommendations for systemic therapy
are not as straightforward. The long-term prognosis for
clinically node-negative women with very small tumors
(<1 cm) is excellent, with a 10-year disease-free survival
rate of 88% [49] and 75% of patients showing no evidence
of disease at 30 years [50]. Routine adjuvant therapy in this
group would be difficult to justify without better prognostic
indicators for risk of recurrence. In this study, we have
shown that the extent of CA-IX expression is a strong
prognostic factor among node-negative breast cancer
patients and could be used as a selection tool for patients
who require additional treatment after primary therapy. We
couldn’t confirm the findings from Dales et al. [34] that
CD105 is a marker of high metastatic risk and poor

Fig. 2 Kaplan-Meier survival curves illustrating recurrence-free
survival (RFS) and overall survival (OS) for 40 female patients with
breast cancer. (a and b) RFS and OS for all patients according the CA-
IX expression; (c and d) RFS and OS for all patients according the
CD105 expression; (e and f) RFS and OS for all patients according the
lymph node status; (g and h) RFS and OS for all patients according
the histological grade. Tick marks indicate censored data

�
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outcome in node-negative patients. However, Dales et al.
[34] used 15 microvessels as a cut-off, a much larger series
of tumor sections (n=925) and a median follow-up period
of 11.3 years.

Among these three markers, we have shown that CA-IX
expression still remains the only significant independent
prognostic factor for both RFS and OS. A recent study on
early-stage cervical cancer has also confirmed the indepen-
dent prognostic relevance of CA-IX for OS and PFS
(progression free survival) [43]. CD105 expression was
predictive of RFS and OS values in breast cancer patients;
however, CD105 was determined to be of less relevance
than CA-IX because the results were of marginal statistical
significance. Nevertheless, previous studies have shown
that CD105 is an independent prognostic indicator for
breast cancer patient prognosis [33, 34].

In recent years, 8-OHdG has been used widely not
only as a biomarker for the measurement of endogenous
oxidative DNA damage, but also as a risk factor for
many diseases including cancer [36, 39, 50]. A pilot
study of urinary 8-OHdG suggested that 8-OHdG may be
a good prognostic indicator in lymphoma patients [50].
However, in this study no predictive potential was
observed for 8-OHdG. These findings confirmed the
previous results obtained from Karihtala et al. [41] in
which the authors concluded that 8-OHdG cannot be used
as a marker for survival prognosis in breast cancer
patients.

In conclusion, elevated expression of CA-IX was an
independent prognostic marker for decreased relapse-free
survival, overall survival and a significant marker for tumor
aggressiveness in breast cancer patients. Among lymph
node negative patients and those with grade II tumors it was
possible to diferentiate patients with better and worse
prognosis, based on CA-IX expression. If confirmed in
subsequent studies with a larger patient population, these
finding could potentially be used as a selection criterion for
therapy and follow-up protocols adjustments. CD105
expression may also serve as a prognostic factor, but it’s
usefulness as a selection criterion should be verified after
further investigation and confirmation in larger cohort of
patients after a longer follow-up period. 8-OHdG was not a
reliable marker for predicting risk of recurrence and
survival outcome in breast cancer patients.

Fig. 3 Kaplan-Meier survival curves illustrating recurrence-free
survival (RFS) and overall survival (OS) for different subgroups of
40 female patients with breast cancer. (a and b) RFS and OS for node-
negative patients according the CA-IX expression (n=18); (c and d)
RFS and OS for grade I and II patients according the CA-IX
expression (n=26); (e and f) RFS and OS for grade I and II patients
according the CD105 expression (n=26); (g) OS for grade II patients
according the CA-IX expression (n=21). Tick marks indicate censored
data
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