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Abstract: Lung cancer is the leading cause of cancer-related death in both men and women and consists of dif-
ferent histological types. Histopathological examination and accurate subtype diagnosis has become increasingly 
important in guiding patient management and, as such, is the most important currently available lung cancer 
“biomarker”. In this study, we examined the expression of PAX2 and PAX5 by immunohistochemistry in 47 cases 
of lung cancer and 13 cases of pneumonia. The results demonstrated that PAX2 were detected in 82.8% (24/29) 
of NSCLC, 0% (0/18) of SCLC and 7.7% (1/13) of pneumonia, respectively; However, PAX5 were detected in 15/18 
cases (83.3%) of SCLC, 6.8% (2/29) of NSCLC and 7.7% (1/13) of pneumonia. Further, the samples with lymphatic 
metastasis had remarkable higher positive PAX2 or PAX5 than that without metastases. Overall, our data indicated 
that PAX2 and PAX5 differentially expressed in NSCLC and SCLC. Thus, PAX2 and PAX5 are useful biomarker in the 
differential diagnosis of lung cancer.

Keywords: Lung cancer, immunohistochemistry, PAX2, PAX5, biomarker

Introduction

Lung cancer is the leading cause of can- 
cer death in both men and women worldwi- 
de. WHO classifies lung cancer into two broad 
histological subtypes: non-small-cell lung can-
cer (NSCLC) and small-cell lung cancer (SCLC). 
NSCLC could be further subdivided into ade- 
nocarcinoma, squamous cell carcinoma, and 
large cell carcinoma. The overall five year sur-
vival of NSCLC, which accounts for 85% of all 
lung cancers, is 16%. Whereas, SCLC compris-
es 14% of all lung cancers and the prognosis is 
only 6% over five years. Even with the current 
therapeutic agents, the response is poor in a 
majority of patients [1]. In order to further iden-
tify potential therapeutic targets in lung cancer, 
we examined the expression profile and the 
role of PAX2 and PAX5 in lung cancer.

PAX (Paired Box) genes are a family of nine 
nuclear transcription factors that play a crucial 
role in various developmental programs. Alth- 
ough all the nine PAX genes are expressed dur-

ing various stages of embryogenesis and devel-
opment in humans, most of the PAX genes are 
silent in adults. However, they become selec-
tively active during tissue repair and regenera-
tion. Interestingly, several PAX genes have be- 
en reported to be expressed in various canc- 
ers and likely to contribute to tumorigenesis. 
Usually, expressions of PAX genes in cancers 
appear to be related to tissue lineage thereby 
suggesting a process of de-differentiation [2].

Although these nine transcription factors con-
trol organs’ development, PAX2 is known to co- 
ntrol the development of the central nervous 
system, thyroid gland, kidney, eye, and others 
[3-5]. Specifically, PAX2 has been most inten-
sively studied in the kidney where it has been 
shown to play a crucial role in renal develop-
ment [6]. Recently, the expression of PAX2  
has also been reported in the female genital 
tract [7-9]. These transcription factors may re- 
express in an organ-specific manner during ne- 
oplastic transformation [10]. PAX2 is abundant-
ly expressed in renal blastemal cells during 
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nephrogenesis, but are noted in only a few 
renal parenchymal cells in mature kidney, how-
ever, then are identified again in renal cell car-
cinoma [11-14]. Tissue expression of PAX tran-
scription factors thus have been used as 
specific markers for tumor diagnosis. Indeed, 
several groups have reported the diagnostic 
utility of PAX2 immunohistochemistry in identi-
fying primary and metastatic renal tumors 
[15-17].

PAX5 is essential for B cell development and its 
expression has been noted at all stages of B 
cell development except in the terminally differ-
entiated plasma cells. PAX5 knockout mice pre-
dictably lack B cells and thereby any humoral 
immunity [18]. Significant PAX5 expression has 
been noted in most of the B cell lymphomas but 
the T and null- cell lymphomas, as well as mul-
tiple myeloma, and plasmacytomas lack PAX5 

expression [19]. Deregulated expression of 
PAX5 has also been noted in pediatric cancers 
such as medulloblastomas and its expression 
in normal cells is inversely correlated with neu-
ronal differentiation [20]. Most importantly, sig-
nificant PAX5 expression has been noted in 
tumors of neuroendocrine origin such as neuro-
blastoma and SCLC [21]. PAX5 was found to  
be overexpressed in aggressive neuroblasto-
ma, N-type, as opposed to the less aggressive 
S-type. A similar scenario has been reported 
with respect to highly metastatic SCLC cell li- 
nes. Significant amounts of PAX5 transcripts 
were found to be present in several SCLC cell 
lines but not in NSCLC cell lines [21]. PAX5 is 
believed to not only support cancer cell survival 
but also contribute to metastasis.

Several studies, each of which is devoted exclu-
sively to either PAX2 or PAX5, have document-

Figure 1. HE staining of pneumonia and lung cancer tissue. A. Pneumonia. B. SCLC. C. Adenocarcinoma. D. Squa-
mous cell carcinoma.
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ed their expression in lung cancer [22, 23]. 
Nevertheless, there are no reports to date  
that examine the role of PAX2 and PAX5 in  
the differential diagnosis of NSCLC and SCLC, 
we sought to investigate diagnostic utility of 
PAX2 and PAX5 in lung cancer.

Materials and methods

Patients and tissue samples

60 patients included in the study were from the 
First Affiliated Hospital of Zhengzhou University 

drated through graded alcohols to distilled 
water. For antigen retrieval, the slides were 
boiled in a pressure cooker at maximum heat 
for 3 minutes containing 0.01 mol/L sodium 
citrate (pH 6.0) and cooling for 30 minutes at 
room temperature. Endogenous peroxidase 
activity was quenched in 0.3% H2O2 for 8 min-
utes at room temperature. The slides were 
washed 3 times in PBS for 2 minutes before 
being incubated with the primary antibodies 
PAX2 (Abcam, ab79389, Hongkong) and PAX5 
(Abcam, ab109443, Hongkong) at 1:100 dilu-

(Zhengzhou, Henan, PR China) 
from December 2014 to May 
2015. Patients who had pre- 
operative diagnosis and did 
not receive preoperative che- 
moradiation treatment were 
selected for this study on  
the basis of the availability of 
archived paraffin-embedded 
tissue blocks for immunohis- 
tochemical analysis. Ethical 
approval was obtained from 
the hospital and fully inform- 
ed consent from all patients 
before sample collection. Tu- 
mor histological type was ba- 
sed on currently used histo-
pathological criteria.

Hematoxylin and eosin (HE) 
staining and immunohisto-
chemical analysis

The study group consisted of 
36 men and 11 women with 
lung cancer and the control 
group consisted of 9 men and 
4 women with pneumonia. The 
tissues were processed rou-
tinely stained with hematoxylin 
and eosin. The histological ch- 
aracteristics were reviewed by 
two pathologists. The PAX2 
and PAX5 levels in the forma-
lin-fixed, paraffin-embedded ti- 
ssue sections were measured 
by immunohistochemical anal-
ysis, as previously described 
[24]. Briefly, the specimens we- 
re sectioned (4 μm thick), mo- 
unted on Superfrost/Plus sli- 
des (Fisher Scientific, Pittsbu- 
rgh, PA), and then deparaffi- 
nized in two xylene and rehy-

Table 1. Expression of PAX2 and PAX5 in patients

Characteristics No.  
patients

PAX2  
positive

P 
value

PAX5  
positive

P 
value

Gender
    M 46 41.3% (19/46) 0.918 26.1% (12/46) 0.231
    F 14 42.9% (6/14) 42.9% (6/14)
Age (Y)
    ≥60 34 44.1% (15/34) 0.660 26.5% (9/34) 0.495
    <60 26 38.5% (10/26) 34.6% (9/26)
Tissue type
    NSCLC 29 82.8% (24/29) 6.8% (2/29) <0.01
    SCLC 18 0% (0/18) <0.01 83.3% (15/18)
    Pneumonia 13 7.7% (1/13) 7.7% (1/13)
Smoking
    Yes 37 43.2% (16/37) 0.753 24.3% (9/37) 0.224
    No 23 39.1% (9/23) 39.1% (9/23)

Table 2. Expression of PAX2 in NSCLC
Characteristics No. patients PAX2 positive P value
Gender
    M 23 78.3% (18/23) 0.553
    F 6 100% (6/6)
Age (Y)
    ≥60 18 88.9% (16/18) 0.339
    <60 11 72.7% (8/11)
Histologic type
    Adenocarcinoma 12 91.7% (11/12) 0.370
    Squamous cellcarcinoma 17 76.5% (13/17)
Smoking
    Yes 19 84.2% (16/19) 1.000
    No 10 80% (8/10)
Lymph node metastasis
    Positive 3 33.3% (1/3) 0.068
    Negative 26 88.5% (23/26)
Stage
    I+II 16 75% (12/16) 0.343
    III+IV 13 92.3% (12/13)
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Figure 2. Expression patterns of PAX2 in pneumonia and lung cancer tissue. A. Pneumonia. B. SCLC. C. Adenocarci-
noma. D. Squamous cell carcinoma.

tion for 1 hour at 37°C. The sections were 
incubated with a ready-to-use secondary 
antibody kit (DAKO Corp) for 30 minutes  
at room temperature and the chromoge- 
nic substrate 3,3-diaminobenzidine tetra-
hydro-chloride (DAB). The slides were then 
washed in distilled water, counterstained 
with hematoxylin, dehydrated, and mount-
ed with permanent media. Expression  
levels of PAX2 and PAX5 were evaluated  
by counting at least 500 tumor cells in  
representative high-power fields. Tumor 
cells were considered positive for PAX2  
and PAX5 when nuclear or cytoplasmic 
staining was present. For each tumor, we 
determined a proportion score. The propor-
tion score represented the estimated frac-
tion of positively stained cells (-, <10%; +, 
>10%).

Table 3. Expression of PAX5 in SCLC

Characteristics No.  
patients PAX5 positive P value

Gender
    M 13 76.9% (10/13) 0.552
    F 5 100% (5/5)
Age (Y)
    ≥60 11 90.9% (10/11) 0.528
    <60 7 71.4% (5/7)
Tissue type
    Localized type 9 88.9% (8/9) 1.000
    Diffused type 9 77.8% (7/9)
Smoking
    Yes 10 80% (8/10) 1.000
    No 8 87.5% (7/8)
Lymph node metastasis
    Positive 2 0% (0/2) 0.020
    Negative 16 93.8% (15/16)
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Statistical analysis

Statistical analysis for the results was analyzed 
using Mann-Whitney test when only two groups, 
or Kruskal-Wallis test when more than two 
groups. Chi-Square test was used to compare 
the expression of PAX2 and PAX5 with vari- 
ous clinicopathologic variables. Differences be- 
tween groups were stated to be statistically sig-
nificant when P<0.05. All computations were 
carried out with SPSS 16.0 (SPSS, Chicago, IL, 
USA).

Results

Patient characteristics and demographics

To analyze the PAX2 and PAX5 expression pat-
terns, we used 47 lung cancer tissue samples 
(mean age, 61; range, 35-78 years) and 13 
pneumonia tissue samples (mean age, 56; ra- 

nge, 25-75 years). HE staining of the patients’ 
tissue is showed in Figure 1 and the clinico-
pathologic characteristics of the patients are 
summarized in Table 1.

PAX2 and PAX5 expression patterns in tissue 
samples from patients with lung cancer and 
benign pneumocyte hyperplasia

Immunohistochemical analysis of lung tissue 
samples showed that PAX2 was expressed  
in 82.8% (24/29) NSCLC (Table 2). In contrast, 
there was no PAX2 expression in SCLC (0/ 
18), and only 1 of 13 pneumonia tissue had 
positive PAX2 staining (Figure 2). The data  
suggest that the PAX2 expression in NSCLC 
was much higher than those in SCLC and  
pneumonia tissue.

In contrast, immunohistochemical analysis sh- 
owed PAX5 expressed major in SCLC. PAX5 
expression was found in 15/18 cases (83.3%) 

Figure 3. Expression patterns of PAX5 in pneumonia and lung cancer tissue. A. Pneumonia. B. SCLC. C. Adenocarci-
noma. D. Squamous cell carcinoma.
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of SCLC (Table 3), but in most cases of NSCLC, 
the expression of PAX5 was negative, there was 
only 2 cases (6.8%) in NSCLC and only 1 case in 
pneumonia tissue (7.7%) were positive for PAX5 
(Figure 3). These data indicated that the PAX5 
expression in SCLC was much higher than 
those in NSCLC and pneumonia.

Correlation of PAX2 and PAX5 expression with 
clinic characteristics

In order to examine correlation between PAX2/
PAX5 and clinic characteristics, we also ana-
lyzed the expression of PAX2 and PAX5 with 
various clinicopathologic variables. For the PA- 
X2 expression in NSCLC, the samples with lym-
phatic metastasis had remarkable higher posi-
tive PAX2 than that without metastases, how-
ever, there were no statistic difference (P= 
0.068) between two groups. It could attribute 
to a relatively small number of patients. In con-
trast, for the PAX5 expression in SCLC, the posi-
tivity of PAX5 in patients with lymphatic metas-
tasis was much higher than that without me- 
tastases (P=0.02). Our results, however, found 
no significant correlation between PAX2/PAX5 
expression and sex, age and histopathological 
grading of the tumors (Tables 1-3).

Discussion

The main purpose of this study was to under-
stand PAX2 and PAX5 expression in various 
lung cancer tissues and to thus provide a scien-
tific basis for the improvement of lung can- 
cer diagnosis, treatment, and prognosis in the 
future. The highly specific PAX5 expression in 
SCLC may be associated with lymphatic me- 
tastasis.

Our previous studies demonstrated that PAX2 
and PAX8 reliably distinguishes ovarian serous 
tumors from mucinous tumors [24]. Other 
researchers have also evaluated the potential 
utility of PAX2 for assisting in discriminating 
between papillary serous carcinoma and peri-
toneal mesothelioma [8, 25]. It was reported 
PAX2 expression in 24 (67%) of 36 papillary 
serous carcinomas, whereas only 2 (12%) of 17 
peritoneal mesotheliomas in women and none 
of 37 in men included in the investigation were 
positive for this marker [8]. Besides, another 
group [25] reported PAX2 expression in 21 
(61%) of serous carcinomas, whereas all 25 
mesotheliomas investigated were negative for 
this marker. These results suggest that PAX2 

could be a useful marker for assisting in the dif-
ferential diagnosis between these malignan-
cies. We sought out as certain the sensitivity 
and specificity of PAX2 and PAX5 as a marker 
for lung cancer. The results of this study con-
firmed that PAX2 (82.8%) was specifically ex- 
pressed in the NSCLC tissue but not in SCLC or 
benign pneumocyte hyperplasia tissue.

PAX5 is a transcription factor essential for B 
cell development, and is widely used in hema-
topathology practice as a specific marker to 
recognize B cell lineage. It was shown recently 
that PAX5 was also expressed in neuroendo-
crine tumors of the lung, especially SCLC and 
LCNEC [26], which is similar to the results of 
the present study. We discovered that PAX5 
was expressed in the majority of SCLC patients 
(83.3%) but in only 2 of 29 NSCLC patients, 
suggesting that PAX2 and PAX5 may serve as a 
useful immunohistochemical marker for assist-
ing in the differential diagnosis of NSCLC and 
SCLC. In addition, we found that either PAX2 or 
PAX5 was expressed in only 1 of 13 benign 
pneumocyte hyperplasia. Our findings suggest 
that PAX2- and PAX5- targeted treatment strat-
egy may have high therapeutic efficacy for 
NSCLC and SCLC. The above findings may have 
some clinical value for the differential diagno-
sis of NSCLC and SCLC, and the detection of 
PAX2 and PAX5 in lung cancer tissues may con-
tribute to early diagnosis.

In a previous study [27], most remarkably, the 
expression of PAX5 in neuroendocrine tumors 
seems to parallel the level of tumor aggressive-
ness. In the present study, a significantly higher 
percentage of lymphatic metastasis SCLC 
patients had PAX5 positive cells compared with 
those with no-metastasis SCLC. This finding is 
in accordance with the findings reported by 
other group [21], who reported that PAX5 is 
expressed in aggressive N-type neuroblastoma 
cell lines, whereas no expression was detected 
in S-type cells. The authors also reported that 
enforced overexpression of PAX5 in the S-type 
cell line CA-2E restored several malignant pro- 
perties, in particular anchorage-independent 
growth. In contrast, down-regulation of PAX5 in 
several N-type cell lines significantly reduced 
their proliferation rate. It is speculated that 
reexpressed PAX genes promote tumor devel-
opment and progression by increasing prolifer-
ation and motility while inhibiting apoptosis 
[28]. A similar scenario has been reported with 
respect to highly metastatic SCLC cell lines. 
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Significant PAX5 transcripts were found to be 
present in several SCLC cell lines but not in 
NSCLC cell lines [21]. Since enforced expres-
sion of PAX5 in neuroblastoma S-type cells con-
fers on them a more oncogenic phenotype 
while PAX5 knockdown results insignificant 
loss in cell viability, PAX5 is believed to not only 
support cancer cell survival but also contribute 
to metastasis.

In this study, we investigated the distribution of 
PAX2 and PAX5 in lung cancer tissues. However, 
our immunohistochemical results showed that 
the percentage of patients with PAX2 or PAX5 
positive cells has no significant correlation with 
the tumor stage or tumor grade in NSCLC and 
SCLC, the clinical significance and value of 
PAX2 and PAX5 expression remain to be clari-
fied and require further in-depth investigation 
and evaluation. For example, this study revealed 
that more than half of NSCLC patients expre- 
ssed PAX2 in tumor cells but did not investigate 
the underlying mechanisms and clinical signifi-
cance of this result. Moreover, the causes and 
clinical significance of the observation that 
there was a significant difference in PAX2 and 
PAX5 expression between SCLC and NSCLC  
tissues needs to be further explored in future 
studies.

In summary, we have shown that PAX2 and 
PAX5 differential expressed in lung cancer, indi-
cating that PAX2 and PAX5 can serve as a use-
ful immunohistochemical marker for assisting 
in the differential diagnosis of NSCLC and SCL.
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