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PAX6 overexpression is associated with the poor prognosis
of invasive ductal breast cancer
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Abstract. Paired box 6 (PAXO6) plays a significant role in the
development of human neuroectodermal epithelial tissues.
Previous studies have suggested that the PAX6 promoter is
hypermethylated in breast cancer and that it is involved in
breast cancer cell proliferation. The present study aimed to
investigate the expression of PAX6 in invasive breast cancer
tissues, and to evaluate its prognostic significance. Immuno-
histochemistry (IHC) was used to detect PAX6 expression
on a breast cancer tissue microarray containing tissues from
111 patients. Associations of PAX6 expression with staging
and prognosis were analyzed. PAX6 was mainly expressed in
the nucleus. The PAXG6 staining intensity was not associated
with age, histological grade, lymph node status, tumor size,
or progesterone receptor and human epidermal growth factor
receptor 2 expression (all P>0.05). A high level of PAX6
staining was more frequent in estrogen receptor (ER)-negative
cases compared with ER-positive cases (43.9 vs. 25.7%;
P=0.049). After a median follow-up time of 110 months, the
patients with low PAX6 expression exhibited an improved
survival rate compared with the patients with high PAX6
expression (P<0.001). Cox analysis showed a worse survival
rate in the patients with high PAX6 staining (hazard ratio,
3.458; 95% confidence interval, 1.575-7.593; P=0.002). In
conclusion, high tumor PAX6 staining intensity by IHC was
associated with a poor prognosis in breast cancer patients.
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Introduction

Breast cancer is a major health concern worldwide. In the
United States, the breast cancer incidence is 120.7 per
100,000 women and breast cancer mortality is 24 per
100,000 women; the lifetime risk of breast canceris 12.2% (1).
The breast cancer incidence in China is 3.5 times lower
than in the United States (2), but models strongly suggest
that breast cancer will soon reach epidemic proportions in
China (3). Invasive ductal carcinomas represent about ~75%
of all breast cancers (4). A number of lifestyle habits are
associated with the risk of developing breast cancer (5), and
recent changes in Chinese lifestyle, such as a shift toward a
Western diet and increased stress, may explain a part of this
increase (6). Our understanding of the pathogenesis of breast
cancer has gaps (7,8), and there is an urgent requirement to
improve this knowledge.

The paired box (PAX) family member, PAX6, is located
on chromosome 11pl3 in humans, and encodes the PAX6
protein that plays an important role in the development of
human neuroectodermal epithelial tissues (9). A previous
study reported that PAX6 participates in the regulation of
neuroectodermal cell differentiation and apoptosis (10).
PAXG6 has also been suggested as a tumor suppressor gene for
glioblastoma and prostate cancer, and as an early differentia-
tion marker for neuroendocrine cells (11).

PAX genes are often expressed in solid cancers and are
necessary for cancer cell survival (12). In prostate cancer
tissues, the expression level of PAX6 in cancer cells is
significantly lower than in normal epithelial cells (11). An
epigenetic study revealed that the promoter of PAX6 was
hypermethylated in breast cancer (13). Our previous study
revealed that PAXG6 is involved in breast cancer cell prolifera-
tion and tumor progression in vitro (14), while a screening of
cancer cell lines revealed that PAX6 was highly expressed in
breast cancer cell lines (12).

However, to the best of our knowledge, no study has yet
detected the expression of PAX6 in invasive ductal breast
cancer tissues and evaluated its prognostic significance.
The present study aimed to investigate PAX6 protein
expression in an invasive ductal breast cancer tissue micro-
array (TMA) using immunohistochemistry (IHC), and to
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evaluate the association between PAX6 expression and the
prognosis of invasive ductal breast cancer, in order to show
the potential of PAX6 for improving the assessment of
invasive ductal breast cancer prognosis and as an eventual
treatment target.

Subjects and methods

Human subjects and tissue specimens. The cohort included a
total of 119 patients with invasive ductal breast cancer, diagnosed
and surgically treated between January 2001 and December 2003
at the Department of Breast Cancer, Zhejiang Cancer Hospital
(Hangzhou, Zhejiang, China). All patients had received no
radiotherapy or neoadjuvant therapy prior to surgery. Of these
119 cases, 8 patients were excluded due to incomplete medical
records. The remaining 111 patients with primary breast cancer
received conventional post-operative treatments, depending on
the extent of the disease. Patients without axillary lymph node
involvement were treated with a modified radical mastectomy
and 6 cycles of cyclophosphamide (100 mg/m?, orally, days 1-14),
methotrexate (40 mg/m?, days 1 and 8) and 5-fluorouracil
(600 mg/m?, days 1 and 8) chemotherapy, cycled every 28 days
(if the tumor size was =1 cm). Patients with axillary lymph node
involvement received 5-fluorouracil (500 mg/m?, day 1), epiru-
bicin (100 mg/m?, day 1) and cyclophosphamide (500 mg/m?,
day 1) chemotherapy, cycled every 21 days for 3 cycles, followed
by docetaxel chemotherapy (100 mg/m?, day 1), cycled every
21 days for 3 cycles. Alternatively, certain patients received epiru-
bicin (100 mg/m?, day 1) and cyclophosphamide (500 mg/m?,
day 1) chemotherapy, cycled every 21 days for 4 cycles, followed
by docetaxel chemotherapy (100 mg/m?, day 1), cycled every
21 days for 4 cycles. Patients with positive nodes or a tumor size
of =5 cm received postoperative radiotherapy to the breast (50 Gy
in 25 fractions). A boost to the tumor bed was applied in patients
at higher risk (those aged <50 years and those with high-grade
disease). Patients with estrogen receptor (ER)*/progesterone
receptor (PR)* tumors were treated for 5 years with tamoxifen
or aromatase inhibitors. Patient characteristics, including age,
menopausal status and clinical stage (tumor-node-metastasis
classification defined by the International Union against Cancer,
2003) (15), were assessed.

All patients were followed up for at least 4 months, and
up to 131 months or until mortality. Patients who were lost to
follow-up due to mortality or any other reasons were censored
at last contact. Overall survival (OS) time was calculated as
the time between surgery and mortality from any cause. This
study was approved by the Clinical Research Ethics Board of
the Zhejiang Cancer Hospital. Written informed consent was
obtained from each patient.

TMAs and IHC. TMAs were constructed using a Beecher
Instruments Tissue Array (Beecher Instruments, Silver Spring,
MD, USA) (16). Briefly, archival paraffin blocks containing
invasive ductal carcinoma tissues were selected. Two cores
of 1.5 mm in diameter were sampled from the tumor area of
each specimen (donor block), and transferred into the TMA
block (recipient block). Consecutive 4-ym thick sections were
cut from the TMA blocks and placed on a poly-L-lysine-coated
slide for IHC analysis. Antigens were retrieved for 5 min in
a microwave at high power followed by 10 min at low power
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in citrate-buffered saline (pH 6.0). ER, PR, human epidermal
growth factor receptor 2 (HER2) and PAX6 were detected by
THC. The following antibodies were used: mouse monoclonal
anti-PAX6 (clone D2.38; cat. no. ab78545; 1:150 dilution; Abcam,
Cambridge, MA, USA), rabbit monoclonal anti-ER (clone SP1;
cat. no. ab16660; 1:100 dilution; Abcam), mouse monoclonal
anti-PR (clone TA6; cat. no. M3569; 1:200 dilution; Dako,
Carpinteria, CA, USA), and rabbit polyclonal anti-HER2/neu
(clone SP3; cat. no. ab2428; 1:100 dilution; Abcam). Developing
human brain tissues (paraffin-embedded frontal cortex tissues
from children with glioblastoma who had undergone biopsy at
the hospital) known to express high levels of PAX6 were used as
the positive control. Samples from patients with cancers known
to be HER2-amplified or with ER/PR overexpression were used
as positive controls for HER2, ER and PR. Negative controls
were performed by omission of the primary antibody.

ER, PR and HER?2 scoring. TMA was scored by two patholo-
gists for the percentage of tumor cell nuclear positivity. ER and
PR were scored as follows: -, <1%; 1+, 1-25%; 2+, 25-75%; or 3+,
>75%. IHC ER and PR scores were dichotomized as follows: O,
negative; and =1+, positive. HER2 was scored as: 0, no staining
or faint membrane staining; 1+, faint membrane staining in
<10% of tumor cells, incomplete membrane staining; 2+, weak
to moderate membrane staining in >10% of tumor cells; and 3+,
strong complete membrane staining in >10% of tumor cells. IHC
HER?2 scores were considered negative at 0/1+. All samples with
a HER?2 score of 2+ were tested for gene amplification by fluo-
rescence in situ hybridization (FISH; Vysis PathVysion; Abbott
Laboratories, Chicago, IL, USA). Slides were hybridized with
probes to HER-2/neu and CEP17 using the PathVysion HER-2
DNA Probe Kit, according to the manufacturer's instructions.
Sections were counterstained with DAPI and visualized on a
fluorescent microscope (DM4000B, Leica Biosystems Nussloch
GmbH, Nussloch, Germany). Scoring was performed by one
pathologist according to the manufacturer's guidelines, yielding
a HER-2/CEP17 ratio. A HER-2/CEP17 ratio of =2 was consid-
ered amplified. IHC HER2 scores of 3+ and FISH-amplified
patients were considered positive. Pathologists were blinded to
the clinical outcomes.

PAX6 scoring. The THC expression of PAX6 was scored
independently using a semi-quantitative scoring system
by two pathologists who were blinded to the characteris-
tics and outcomes of the patients. Discordant scores were
re-evaluated by the investigators and consensus scores were
used for further analyses. The intensity and the extent of
THC staining were assessed. Staining intensity in the nucleus
was defined as follows: No staining, 0 points; light brown
particles, 1 point; moderate brown particles, 2 points; and
dark brown particles, 3 points. The percentage of positive
cells was scored as: 1, <25% positive cells; 2, 25-50% posi-
tive cells; 3, 51-75% positive cells; and 4, >75% positive cells.
The staining index (SI) was calculated as the product of the
intensity and the percentage of positive staining, and PAX6
expression was defined as high (SI=6) or low (SI<6).

Statistical analysis. Statistical analyses were performed using
SPSS 19.0 (IBM, Armonk, NY, USA). Correlations between
PAXG6 expression and the clinicopathological variables were
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Table I. Association between PAX6 expression and the clinicopathological features of invasive ductal breast cancer in 111 patients.

PAX6 expression, n (%)

Variables Total, n (%) Low (n=75) High (n=36) P-values
Age, years
<50 58 (52.3) 40 (69.0) 18 (31.0) 0.938
50-69 39 (35.1) 25 (64.1) 14 (35.9)
>70 14 (12.6) 10 (71.4) 4 (28.6)
Histological grade
Gl 37(33.3) 28 (75.7) 9(24.3) 0431
G2 71 (34.0) 44 (62.0) 27 (38.0)
G3 327 3 (100.0) 0(0.0)
Lymph node status
NO 42 (37.9) 25 (59.5) 17 (40.5) 0.063
N1 36 (32.4) 24 (66.7) 12 (33.3)
N2 25 (225) 19 (76.0) 6(24.0)
N3 8(7.2) 7(87.5) 1(12.5)
Tumor size, cm
2 21 (18.9) 15(71.4) 6 (28.6) 0.976
2-5 78 (70.3) 51(654) 27 (34.6)
>5 12 (10.8) 9 (75.0) 3(25.0)
ER
Negative 41 (36.9) 23 (56.1) 18 (43.9) 0.049
Positive 70 (63.1) 52(74.3) 18 (25.7)
PR
Negative 49 (44.1) 32 (65.3) 17 (34.7) 0.654
Positive 62 (55.9) 43 (694) 19 (30.6)
HER2
Negative 99 (89.2) 68 (68.7) 31(31.3) 0.930
Positive 12 (10.8) 7(58.3) 5(41.7)
TNBC
No 83 (74.8) 60 (72.3) 23 (27.7) 0.101
Yes 28 (25.2) 15 (53.6) 13 (46.4)
Menopausal status
Premenopausal 53 (47.7) 38 (71.7) 15 (28.3) 0.084
Postmenopausal 58 (52.3) 37 (67.6) 21 (324)

Staining index (SI) was calculated as the product of the intensity and the percentage of positive staining. PAX6 expression was defined as high
(SI>6) or low (SI<6). PAX6, paired box 6; ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor 2; TNBC,

triple-negative breast cancer.

analyzed using the Pearson ¥ analysis. Survival was analyzed
using the Kaplan-Meier method, and differences were evalu-
ated using the log-rank test. The Cox proportional hazards
model was used for univariate and multivariate analyses to
examine the potential prognostic value of different variables
on OS. All tests were two-sided. P<0.05 was considered to
indicate a statistically significant difference.

Results

Patient characteristics. Table I presents the clinical charac-
teristics of the patients with invasive ductal carcinoma of the

breast. At the time of surgery, the median age was 50 years
(range, 29-82 years). The histological grade of the tumor was
grade I in 37 (33.3%) patients, grade II in 71 (64.0) patients
and grade III in 3 (2.7%) patients. Lymph node status was NO
in 42 (37.8%) patients, N1 in 36 (32.5%), N2 in 25 (22.5%) and
N3 in 8 (7.2%). Tumor size was <2 cm in 21 (18.9%) patients,
2-5 cm in 78 (70.3%) and >5 cm in 12 (10.8%). ER was positive
in 63.1% of tumors, PR was positive in 55.9%, HER?2 was positive
in 10.8%, and ER, PR and HER2 were all negative in 25.2%.

PAXG6 staining. PAX6 was mainly expressed in the nucleus.
PAXG6 was expressed at a low (SI<6; Fig. 1A) or high (SI>6,
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Table II. Cox proportional hazards model was used for univariate and multivariate analysis to examine the potential prognostic
value of different variables on cumulative survival in the invasive ductal breast cancer patients.

Univariable analysis Multivariable analysis

Variable HR (95% CI) P-value HR (95% CIT) P-value
PAXG6 (high vs. low) 3.246 (1.610-6.539) 0.001 3.458 (1.575-7.593) 0.002
ER (positive vs. negative) 0.434 (0.219-0.869) 0.018 5.140 (0.343-7.014) 0.236
PR (positive vs. negative) 0.355(0.171-0.737) 0.005 0.298 (0.089-1.004) 0.051
TNBC (yes vs. no) 2.773 (1.383-5.583) 0.004 1.665 (0.637-4.301) 0.301
HER?2 (positive vs. negative) 1.257 (0.484-3.265) 0.638

Histological grade (G2+G3 vs. G1) 1.096 (0.579-2.315) 0.810

Tumor size (>5 vs. <5 cm) 1.841 (0.654-5.252) 0.254

Lymph node status (N1+N2+N3 vs. NO) 1.204 (0.838-1.729) 0.316

Menopausal status (pre- vs. post-) 1.310 (0.646-2.654) 0454

PAX6, paired box 6; ER, estrogen receptors; PR, progesterone receptors; HER2, human epidermal growth factor 2; TNBC, triple negative

breast cancer; HR, hazard ratio; CI, confidence interval.

Figure 1. Expression of PAX6 in the invasive ductal breast cancer tissues,
as detected by immunohistochemistry. PAX6 was mainly expressed in the
nucleus. (A) Low expression (SI<6) of PAX6 in invasive ductal breast cancer
tissues. (B) High expression (SI>6) of PAXG6 in invasive ductal breast cancer
tissues. Magnification, x400. PAX6, paired box 6; SI, staining index.

Fig. 1B) level. According to the SI, 75 (67.6%) patients exhib-
ited low PAXG6 expression, and 36 (32.4%) exhibited high
PAX6 expression.

Association between PAX6 and clinicopathological char-
acteristics. High PAX6 expression was associated with a
lower proportion of ER positivity (25.7 vs. 74.3%; P=0.049)
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Figure 2. Kaplan-Meier curves of cumulative survival rate of invasive ductal
breast cancer patients based on the PAXG6 staining. Association between PAX6
staining intensity [low expression (SI<6) and high expression (SI>6)] and cumu-
lative survival (log-rank test; P<0.001). PAX6, paired box 6; SI, staining index.

(Table I). PAX6 expression was not associated with age,
histological grade, lymph node status, tumor size, PR, HER2
and triple-negative breast cancer (TNBC) (all P>0.05).

Survival. After a median follow-up time of 110 months, the
patients with low PAX6 expression exhibited an improved
survival rate compared with the patients with high PAX6
expression (P<0.001) (Fig. 2).

Cox regression analysis between clinicopathological factors
and survival. Univariate Cox regression analysis revealed
that high PAX6 expression [hazard ratio (HR), 3.246; 95%
confidence interval (CI), 1.610-6.539; P=0.001], ER positivity
(HR, 0.434; 95% CI, 0.219-0.869; P=0.018), PR positivity
(HR, 0.355; 95% CI, 0.171-0.737; P=0.005) and TNBC
(HR, 2.773; 95% CI, 1.383-5.583; P=0.004) were associated
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with survival. HER2, histological grade, tumor size, lymph
node status and menopausal status were not associated with
survival (all P>0.05) (Table II).

Multivariate Cox regression analysis showed that high
PAX6 expression (HR, 3.458; 95% CI, 1.575-7.593; P=0.002)
was independently associated with survival. Additionally, there
was a tendency toward an association between PR and survival,
but this was not statistically significant (P=0.051) (Table II).

Discussion

Previous studies have suggested a possible association between
PAX6 and breast cancer. However, no previous study has
investigated PAX6 expression in breast cancer according to
[HC and its association with prognosis. Therefore, the present
study aimed to investigate PAX6 protein expression in a
breast cancer TMA using IHC, and to evaluate the association
between PAX6 expression and the breast cancer prognosis.

The results showed that PAX6 staining intensity was not
associated with histological grade, lymph node status, tumor
size, PR or HER2. High PAXG6 staining was more frequent in
ER-negative cases compared with ER-positive cases. After a
median follow-up time of 110 months, patients with low PAX6
expression exhibited an improved survival rate compared with
patients with high PAX6 expression. Cox analysis showed a worst
survival rate in patients with high PAX6 staining (HR, 3.458;
95% CI, 1.575-7.593). Results suggest that high PAX6 expres-
sion in breast cancer is associated with a worse prognosis.
PAX6 may be used to improve the assessment of breast cancer
prognosis, and may eventually be a treatment target.

Shyr et al (11) used IHC to show that the PAX6 expression
level in normal prostate epithelial cells was higher than that in
prostate cancer cells. The results of the present study showed
that PAX6 was expressed in the normal tissues bordering the
tumor and in the breast cancer cells, and that the staining inten-
sity varied between patients within the range from 2+ to 3+. A
previous study (9) suggested that PAX6 was mainly expressed
in stem cells and progenitor cells, and that PAX6 activation
could lead to mitotic arrest, premature neurogenesis and apop-
tosis. This may explain the finding of the present study that
patients with high PAX6 expression only had a survival rate
of 50%, suggesting that high PAX6 expression may be an indi-
cator of the poor prognosis of breast cancer. Lang et al (17)
suggested that PAX6 could be used as a molecular target in
cancer therapies.

The present results suggested that PAX6 was an independent
prognostic factor. To the best of our knowledge, this is the first
study suggesting this association in breast cancer, and no other
study is available for direct comparison. A previous study in
gastric cancer showed that methylation of the PAX6 promoter
was associated with reduced survival (18). Another study in
gastric cancer showed that PAX6 was associated with markers
of a poor prognosis, such as lymph node metastasis (19). In
addition, PAX6 was upregulated in alveolar soft part sarcoma,
a type of cancer with an extremely poor prognosis (20). In
pancreatic cancer, PAX6 actively participates in tumor growth
via the MET tyrosine kinase (21). However, certain studies have
suggested that PAX6 may have a tumor suppressor effect, such
as in glioblastoma (22,23). Therefore, further studies are neces-
sary to assess the role of PAX6 in tumorigenesis. Nevertheless,
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our previous in vitro study showed that PAX suppression signifi-
cantly decreased cell viability, DNA synthesis and the colony
formation of MCF-7 and MDA-MB-231 cells, and inhibited
tumorigenesis in xenograft nude mice (14). However, another
study showed that the promoter of PAX6 was frequently hyper-
methylated in breast cancer (13), adding to the controversy.

The present results showed that PR-negative staining may
be a factor for a poor prognosis in breast cancer. There are
few studies reporting PR-negative staining as an independent
factor for breast cancer poor prognosis. Only Chen et al (24)
suggested that no PR expression was an independent factor
for the early recurrence of breast cancer, which is consistent
with the present results. However, PR-negative patients include
patients with certain triple-negative cancers, which may cause
this difference. Further studies are required to assess this point.

The present study is not without limitation. First, the
sample size was small. Second, even though the follow-up was
long (median, 110 months), the survival time of breast cancer
patients is generally good and a longer period may be neces-
sary to more precisely observe the effect of PAX6 expression
on prognosis.

In conclusion, a high tumor PAX6 staining intensity, as
observed by THC, was independently associated with a poor
prognosis in the breast cancer patients of the present study.
PAX6 may be a novel prognosis marker, and may eventually
be tested as a target for therapy.
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