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Abstract
Background: Non-small cell lung cancer (NSCLC) accounts for 80% of lung
cancers, and lung squamous cell carcinoma (SQCC) is one of the main types.
Advances in the treatment of lung SQCC are lacking when compared to lung adeno-
carcinoma. The main treatment for early-stage SQCC is surgery. However, factors
affecting the efficacy of surgical treatments for early-stage lung SQCC remain
unclear. In this study, we examined the significance of commonly used lung SQCC
diagnostic markers p63, p40, and cytokeratin (CK)5/6 in prognosis.
Methods: Seventy-six cases of early-stage lung SQCC (N0) were obtained from our
lung cancer database (January 2000 to December 2009). Tissue microarray and
immunohistochemical (IHC) staining were used to detect the expression of p63,
p40, and CK5/6. The effect of the expression level of each marker on patients’ sur-
vival was examined.
Results: Sensitivity and specificity of each marker for detecting lung SQCC was
87.0% and 81.0% for p63, 75.9% and 97.9% for p40, and 78.9% and 97.7% for
CK5/6. Survival rates of patients with high expression levels of p63 or CK5/6 or both
were higher than in patients with low expression levels (P < 0.05). Expression levels
of p40 had no effect on survival (P > 0.05). Multivariate analysis showed that high
levels of p63 expression p63+CK5/6 co-expression were independent prognostic
factors for good survival.
Conclusion: IHC staining detection of p63 and CK5/6 in specimens should be rou-
tinely performed in postoperative early-stage lung SQCC patients. Its significance
lies not only in differential diagnosis, but also in determining prognosis.

Introduction

Pneumonectomy was successfully used to treat lung cancer in
1933, and thereafter, surgery has been used extensively as a
lung cancer treatment. In 1968, different treatment principles
emerged for non-small cell lung cancer (NSCLC) and small
cell lung cancer (SCLC). For many years, treatment of NSCLC
has depended on anatomy-based tumor node metastasis
(TNM) staging to determine the methods used. Along with
an increased understanding of the genetic background of
lung cancer, more theories have been added to the basis for
choosing methods for treating lung cancer. Present treatment
methods include: antifolate chemotherapy drug Pemetrexed,

which is only effective for treating lung adenocarcinoma
(ADC);1 Bevacizumab, which should be avoided in lung
squamous cell carcinoma (SQCC);1 epidermal growth factor
receptor–tyrosine-kinase inhibitor (EGFR–TKI) therapy,
which is only effective in treating lung ADC with EGFR gene
mutations;2 and Crizotinib, which is only effective in treating
patients with anaplastic lymphoma kinase (ALK) gene re-
arrangement.3 Therefore, an accurate clinical distinction
between SQCC (non-SQCC) and ADC (non-ADC) is neces-
sary. In most cases, hematoxylin and eosin (H&E) staining is
sufficient to distinguish these two tissue types. However,
immunohistochemical (IHC) staining-assisted evaluation
may be required in the following situations: small biopsy
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specimens or cytological specimens, in which observation of
the tissue is limited; or poorly differentiated carcinomas,
where the direction of differentiation is difficult to deter-
mine.4 The commonly used markers for distinguishing
between lung SQCC and ADC are p63, p40, and cytokeratin
(CK)5/6 (SQCC-specific), and thyroid transcription factor 1
(TTF-1), Napsin A, and CK7 (ADC-specific). Numerous
studies and reliable results have been reported in this field.5

The progress in lung ADC research means that characteris-
tics, including clinical and imaging features, pathological
growth types, gene expression, and molecular biomarkers, are
used to divide ADC into several subtypes related to prognosis,
and guide clinical treatment decisions. However, treatment
decisions for lung SQCC still mostly depend on anatomy-
based TNM staging for two reasons: first, the study of the
molecular background of SQCC is not as advanced as that of
lung ADC; and second, lung SQCC is called “dirty cancer”
and the genes involved in this cancer are more complicated
than those involved in lung ADC. Nevertheless, studies on the
clinical markers of lung SQCC with potential prognostic
value continue to remain a focus for research. p63, p40, and
CK5/6 have been widely used as specific markers for lung
SQCC diagnosis. However, few studies on the relationship
between the expression of SQCC diagnostic markers and
post-surgery survival have been reported. Therefore, this was
the focus of the current study.

Materials and methods

Clinical data

The Institutional Review Board of the Peking Cancer Hospi-
tal, Peking University approved this retrospective study. A
single surgery group at the Cancer Hospital of Peking Univer-
sity chose patient data from the prospectively maintained
database for lung cancer.

Recruitment criteria

Between January 2000 and December 2009, 395 patients
received surgical treatment for lung cancer. Patient inclu-
sion criteria were: (i) clear diagnosis; (ii) primary lung
cancer of the SQCC pathological type and pathological
tumor-node-metastasis (pTNM) stage N0; (iii) surgery per-
formed by a single group; (iv) anatomic lung resection
(pneumonectomy or lobectomy); (v) R0 resection; and (vi)
complete specimen inventory. Patient exclusion criteria
were: (i) perioperative death; (ii) missing paraffin blocks or
pathology sections in the inventory; and (iii) an insufficient
number of typical cancer cells in the paraffin blocks for
tissue microarray (TMA) analysis. A total of 76 cases met
the study criteria.

Study subjects

The group consisted of 76 cases, including 70 men (92.1%)
and six women (7.9%). The male to female ratio was 11.7:1.
The age range was between 38 and 78 years; the mean age was
60 years; and the median age was 61 years. According to the
7th Edition of the Union for International Cancer Control
TNM Classification of Lung Cancer (2009), 52 cases (68.4%)
were stage I, 16 cases (21.1%) were stage II, and eight cases
(10.5%) were stage III (T4N0). All patients in this group
received anatomic pulmonary resection.

Pathological differentiation types

According to the World Health Organization standard
(2004), among the 76 cases of SQCC, five (6.6%) were well
differentiated, 32 (42.1%) were moderately differentiated,
and 39 cases (51.3%) were poorly differentiated. If the degree
of differentiation was between the grades, it was classified as
the lesser differentiated grade.

Follow-up method

Postoperative follow-ups were conducted mainly through
clinic visits (accounting for 86.2%). Follow-up for those
who did not come to the clinic according to the schedule,
were conducted via telephone calls or letters. The total
follow-up rate was 97.8%. Follow-up intervals were every
three months for the first two years after surgery, every
six months from two to five years, and once a year after
five years. The deadline for follow-up in this study was 3
September 2013.

Tissue microarray preparation

One hundred and twenty SQCC cases and 194 ADC cases
were selected from the database, and their paraffin specimens
were prepared for TMA analysis. All of the tumor sections of
each specimen were re-evaluated by two experienced
pathologists. Sections with intact and typical cancer tissue
were selected, and the areas covering the tumor were marked.
The corresponding areas in the paraffin blocks for TMA sam-
pling were then labeled. A MiniCore automatic TMA instru-
ment (Alphelys, Plaisir, France) was used for TMA sample
preparation, with a needle diameter of 1 mm. Samples of the
whole group were assembled into four TMA paraffin blocks,
and two cancer tissue cores were extracted for each specimen.
The quality was controlled by H&E staining of the sections.
The criteria for effective samples were the number of
cancer cells of ≥20 in at least one cancer tissue core in each
specimen. A total of 76 effective N0 lung SQCC specimens
were confirmed.
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Immunohistochemical (IHC) analysis

IHC staining of the TMA sections was performed using the
Ventana automated IHC staining system (Ventana Medical
Systems, Inc., Tucson, AZ, USA). The antibodies used are
listed in Table 1. All antibody labeling was detected using the
Ventana 3,3′– diaminobenzidine (DAB) detection kit. The
positive controls for p63, p40, and CK5/6 were lung SQCC
positive sections, and phosphate-buffered saline (PBS) was
used instead of primary antibodies for the negative controls.

Two highly qualified pathologists who had not been
informed about the ordering rules of the TMA samples or the
clinical data evaluated the results of the IHC analysis of
cancer cells in each spot. The criteria for IHC staining evalua-
tion for each selected marker was: (i) p63- and p40-positive
cells: staining was located in cancer cell nuclei and cells with
brown particles in the nuclei were positive (Fig 1a,b), whereas
cells without brown particles were negative; and (ii) CK5/6-
positive cells: staining was mainly located on the plasma
membrane of cancer cells, and cells with brown particles on
the plasma membrane were considered positive (Fig 1c),
whereas cells without brown particles were negative.

The two pathologists evaluated sections independently
after agreeing on standards. When different results were
obtained, consensus was reached through a discussion. The
staining intensity and area of the sections were evaluated
under low magnification (×20). Histologic (H) scores were
conducted following the recognized method.6 A 4-level
scoring scale for intensity was used (0, negative; 1+, weak; 2+,
moderate; 3+, strong). The expression intensity (range:
0–300) was determined by multiplying the scores by the

percentage of positive areas (0–100%). Sections with H scores
of >150 were considered to show a high expression, and
those with H scores of ≤150 were considered to show a low
expression.7

Statistical analysis

Statistical analysis was performed using SPSS 17.0 statistical
software (SPSS Inc., Chicago, IL, USA). The relationship
between the expression levels of each IHC marker and the
clinical factors in each group was examined using the chi-
square and Fisher’s exact tests. The correlation of the expres-
sion levels among markers was analyzed using Spearman’s
rank correlation. The Kaplan–Meier method and log-rank
test were used to determine the significance of the expression
levels of IHC markers in each group in the prognosis of N0

lung SQCC patients. Cox proportional hazard modeling was
used to analyze the independent prognostic factors in N0 lung
SQCC patients. Statistical results with a P-value of <0.05 were
considered statistically significant.

Results

Follow-up results

The follow-up rate of the whole patient group was 97.4%.
The median follow-up period was 62.2 months (8.3–152.7
months). The five-year survival rate of the whole group was
66.9 ± 5.8%.Among those, 52 were stage I patients with a five-
year survival rate of 71.4 ± 8.2%; and 24 were stage II–III
patients with a five-year survival rate of 63.3 ± 8.0%. The total

Table 1 Antibodies used in this Study (TMA)

Antibodies Mono/Polyclonal Source Clone Dilution

p63 m Dako, Glostrup Denmark DAK-p63 Working solution
p40 p MAIXIN-BIO, Fuzhou China — 1:200
CK5/6 m Dako, Glostrup Denmark D5/16 B4 Working solution

CK, cytokeratin; TMA, tissue microarray.

Figure 1 Representative sections (×200) of positive immunostaining of (a) p63 diffuse nuclear staining; (b) p40 diffuse nuclear staining; and (c)
cytokeratin (CK)5/6 diffuse membrane staining, in lung squamous cell carcinoma (SQCC).
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number of deaths was 28, including 19 deaths in stage I
patients and nine in stage II–III patients. The median survival
time could not be determined because the number of end-
point events did not reach half the total number.

IHC staining results of the specimens from
76 N0 lung squamous cell carcinoma
(SQCC) patients

Clear IHC staining results were obtained for each antibody
(Fig 1a–c). The sensitivity and specificity of the three
IHC markers in SQCC diagnosis in this study are listed in
Table 2.

In SQCC diagnosis, the sensitivity of p63 was the highest,
at 87.0%, while the diagnostic specificity of p40 and CK5/6
were higher, 97.9% and 97.7%, respectively.

Expression of the three IHC markers

The ratios of high to low expression for each IHC marker are
as follows: p63 (total 73 cases), 58 (79.5%)/15 (20.5%); p40
(total 74 cases), 30 (40.5%)/44 (59.5%); and CK5/6 (total 68

cases), 41 (60.3%)/27 (39.7%). No significant difference was
observed for clinical factors including age, smoking history,
primary tumor (pT) stage, and histological grade in each
group (P > 0.05) (Table 3). The independent expression of
p63 and CK5/6 perfectly correlated with the co-expression of
p63+CK5/6, with a Spearman correlation coefficient of rs = 1
(P < 0.001).

Relationship between the expression of IHC
markers and the prognosis in N0 lung
SQCC patients

Results of univariate analysis

Univariate analysis was performed to examine the relation-
ship between the high expression levels of p63, p40, CK5/6,
and p63+CK5/6 and N0 lung SQCC prognosis.
1 The expression of p63 was analyzed in 73 cases (73/76) of

N0 lung SQCC. Among these, 58 cases had high levels
(H > 150), and 15 cases had low levels of p63 expression
(H ≤ 150). Patients with high levels of p63 expression had
better survival rates than those with low expression levels,
and the difference was statistically significant (P = 0.002;
hazard ratio [HR] 0.288; 95% confidence interval [CI],
0.127–0.655) (Fig 2a).

2 The expression of p40 was analyzed in 74 cases (74/76)
of N0 lung SQCC. Among these, 30 cases had high levels
(H > 150), and 44 cases had low levels of p40 expression
(H ≤ 150), and the difference of survival between the two
groups was not statistically significant (P = 0.632; HR
0.827; 95% CI, 0.380–1.800) (Fig 2b).

Table 2 IHC-marker diagnostic sensitivity/specificity for SQCC

Marker Sensitivity (%) Specificity (%) PPV (%) NPV (%)

p63 87.0 81.0 73.5 91.1
p40 75.9 97.9 95.7 86.9
CK5/6 78.9 97.7 95.6 88.1

CK, cytokeratin; IHC, immunohistochemistry; NPV, negative predictive
value; PPV, positive predictive value; SQCC, squamous cell carcinoma.

Table 3 Patient characteristics according to IHC marker expression

Variable

p63 (n = 73)

P*

p40 (n = 74)

P*

CK5/6 (n = 68)

P*
H >150 n (%)
(n = 58)

H ≤150 n (%)
(n = 15)

H >150 n (%)
(n = 30)

H ≤150 n (%)
(n = 44)

H >150 n (%)
(n = 41)

H ≤150 n (%)
(n = 27)

Age†
≤61 y 25 (43.1) 9 (60.0) 0.242 15 (50.0) 18 (40.9) 0.440 15 (36.6) 14 (51.9) 0.213
>61 y 33 (56.9) 6 (40.0) 15 (50.0) 26 (59.1) 26 (63.4) 13 (48.1)

Gender
Male 57 (98.3) 12 (80.0) 0.033 29 (96.7) 40 (90.9) 0.619 41 (100.0) 22 (81.5) 0.008
Female 1 (1.7) 3 (20.0) 1 (3.3) 4 (9.1) 0 (0.0) 5 (18.5)

Smoking history
Ever 46 (79.3) 9 (60.0) 0.226 23 (76.7) 32 (72.7) 0.703 32 (78.0) 17 (63.0) 0.175
Never 12 (20.7) 6 (40.0) 7 (23.3) 12 (27.3) 9 (22.0) 10 (37.0)

pT stage
pT1 24 (41.4) 6 (40.0) 0.923 13 (43.3) 18 (40.9) 0.836 15 (36.6) 15 (55.6) 0.123
pT2–4 34 (58.6) 9 (60.0) 17 (56.7) 26 (59.1) 26 (63.4) 12 (44.4)

Histological grade
Well, moderately 31 (53.4) 5 (33.3) 0.165 18 (40.9) 18 (60.0) 0.107 20 (48.8) 12 (44.4) 0.726
Poorly 27 (46.6) 10 (66.7) 12 (59.1) 26 (40.0) 21 (51.2) 15 (55.6)

*Statistical significance was calculated by the χ2 test or Fisher’s exact test. †The median age of the entire population is indicated. H, histologic scores;
IHC, immunohistochemistry.
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3 The expression levels of CK5/6 were analyzed in 68 cases
(68/76) of N0 lung SQCC. Among these, 41 cases had high
levels (H >150), and 27 cases had low levels of CK5/6
expression (H ≤150). Patients with high CK5/6 expression
levels had better rates of survival than those with low
expression levels, and the difference between the two was
statistically significant (P = 0.008; HR 0.352; 95% CI,
0.158–0.786) (Fig 2c).

4 The co-expression of p63+CK5/6 in N0 lung SQCC was
analyzed in 67 cases (67/76). Among these, 39 cases had
high levels of p63+CK5/6 co-expression (H >150), 17 cases
had high levels of p63 or CK5/6 expression, and 11 cases
had low levels of p63+CK5/6 co-expression (H ≤150).
Patients with high co-expression levels had better survival
rates than those with low co-expression levels, and the dif-
ference was statistically significant (P = 0.002) (Fig 2d).

Results of Cox multivariate regression analysis

Univariate analysis showed that both high levels of p63 and
CK5/6 expression and p63+CK5/6 co-expression correlated
with the prognosis of N0 lung SQCC patients. In addition, the
co-expression of p63+CK5/6 perfectly correlated with the
expression of p63 and CK5/6 (rs = 1). Therefore, the expres-
sion of p63 and CK5/6 and the co-expression of p63+CK5/6
were considered prognostic factors and separately included
in the Cox regression analysis. Other included factors
were age, gender, smoking history, (pT) stage, and degree of
differentiation.

1 High expression levels of p63 (HR 0.182, 95% CI, 0.055–
0.602, P = 0.005), advanced age (>61 years) (HR 2.984, 95%
CI,1.146–7.773, P = 0.025), and smoking (HR 11.240, 95%
CI, 1.382–91.402, P = 0.024) were independent prognostic
factors for the survival of N0 lung SQCC patients. High
expression levels of p63 correlated with better prognosis,
whereas advanced age (>61 years) and smoking correlated
with poorer prognosis (Table 4).

2 High levels of p63+CK5/6 co-expression (P = 0.002) were
an independent prognostic factor for the survival of N0

lung SQCC patients. High levels of p63+CK5/6 co-
expression correlated with good prognosis (Table 5).

Figure 2 Kaplan-Meier survival curves for N0 lung squamous cell carcinoma (SQCC) patients according to expression level of (a) p63, (b) p40, (c) CK5/6,
and (d) p63+CK5/6; survival difference tested by log-rank test (co-overexpression, H scoresp63 > 150 and H scoresCK5/6 > 150; co-low expression,
H scoresp63 ≤ 150 and H scoresCK5/6 ≤ 150; partial overexpression, H scoresp63 > 150 or H scoresCK5/6 > 150.).

Table 4 Multivariate Cox model of overall survival to expression of p63
and CK5/6 (n = 67)

Variable HR* 95% CI P*

Age: >61 y versus ≤61 y† 2.984 1.146–7.773 0.025
Gender: Male versus female 0.109 0.010–1.193 0.069
Smoking history: Ever versus never 11.240 1.382–91.402 0.024
pT stage: pT2–4 versus pT1 2.487 0.941–6.576 0.066
Histological grade: Well/moderately

versus poorly
0.431 0.160–1.162 0.096

p63: H >150 versus H ≤150 0.182 0.055–0.602 0.005
CK5/6: H >150 versus H ≤150 0.373 0.137–1.015 0.054

*Statistical significance was calculated by the Cox proportional hazards
model. †The median age of the entire population is indicated. CI, confi-
dence interval; CK, cytokeratin; H, histologic scores; HR, hazard ratio.
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Discussion

p63, p40, and cytokeratin (CK)5/6 are specific
diagnostic markers for lung SQCC

The p63 gene is located on chromosome 3q27-29, and it
shares structural homology with p53. The p63 gene has two
promoters, and two corresponding isoforms are produced
through alternative splicing: the full-length protein TAp63
(containing the transactivation domain) and the truncated
protein ΔNp63 (lacking the transactivation domain). TAp63
has a transactivation domain (TA) similar to that of p53,
which regulates the expression of growth-suppressing genes;
the ΔNp63 isoform has an inactive ΔN domain resulting from
alternative splicing, which antagonizes the activity of TAp63
and p53.8 Therefore, the p63 protein includes two subtypes
with opposite functions: TAp63, a p53-like tumor suppressor
gene transcription factor and ΔNp63, an oncogene transcrip-
tion factor. The antibody 4A4 recognizes not only TAp63
but also ΔNp63, whereas the p40 antibody only recognizes
ΔNp63.9 Studies indicate that the diagnostic sensitivity of p63
protein for SQCC is 95–100%.10,11 However, the specificity is
low, with a value of 60–86%.11–13 Both the sensitivity and
specificity of p40 for SQCC diagnosis are better than those of
p63, reaching 100% and 98–100%,9,14,15 respectively. In this
study, the sensitivity of p63 in identifying lung SQCC from
lung ADC was 87.0%, and the specificity was 81.0%, whereas
the sensitivity of p40 was 75.9%, and the specificity was as
high as 97.9%.

The large family of CKs is composed of 20 polypeptides of
different molecular weights and isoelectric points. CK pro-
teins are grouped into two types: type 1 CKs (CK9–20) are
small acidic polypeptides, and type 2 CKs (CK1–8) are large

neutral polypeptides.16 CK5/6 is an acidic cytokeratin of
intermediate size. In normal tissues, CK5/6 is mainly
expressed in keratinized (epithelium) and non-keratinized
(mucosa) squamous epithelium, as well as in the basal myo-
epithelial cell layer of the prostate, mammary, and salivary
glands. In addition, CK5/6 is also expressed in benign and
malignant tumors originating in the epithelium, squamous
mucosa, and myoepithelium,17,18 for example, basal-like car-
cinoma and mesothelioma in breast cancer.19,20 CK5/6 is a
sensitive marker for squamous differentiation. Its reported
sensitivity for lung SQCC diagnosis was 75–100%,19,21,22 and
its specificity in the study by Whithaus et al.11 reached 96%. In
the current study, the sensitivity of CK5/6 for identifying lung
SQCC from lung ADC was 78.9%, and the specificity was as
high as 97.7%.

p63 and CK5/6 are also prognostic factors for
lung SQCC

Studies have suggested that p63 proteins consist not only of
an isoform with p53-like tumor-suppressing function, but
also an isoform with oncogene-promoting function. The CK
family of proteins is expressed in epithelial cells, and play a
specific role in maintaining malignant transformation of
normal cells. Because of the important functions of these
three proteins in the regulation of tumor differentiation,
growth, and malignant transformation, it is not surprising
that they are mainly used as lung SQCC diagnostic markers,
and their expression levels may be related to prognosis.
Therefore, in this study, homogeneous samples were selected
with identical pathological stage (pTN0), surgery type (single
surgery group), long-term follow-up, and high follow-up
rate, to analyze the significance of these three markers in the
prognosis of early stage SQCC. The results indicate that
patients with high levels of p63 expression have better sur-
vival rates than those with low expression. In studies by
Renouf et al. and Au et al., univariate analysis showed that
high levels of p63 expression are an indicator for good prog-
nosis.23,24 However, multivariate analysis did not show a sig-
nificant difference. In this study, univariate analysis showed
that no significant difference was found in patients’ survival
between groups of high and low p40 expression; that is, the
expression level of p40 did not affect the long-term survival of
patients. The results are similar to those from the study by
Iwata et al.25

In addition, univariate analysis showed that patients with
high levels of CK5/6 expression had better survival rates than
those with low expression. However, to our knowledge, no
study on the role of CK5/6 expression levels in prognosis has
been reported.

Combined and weighted stratified analysis of p63 and
CK5/6 showed that survival was different between groups of
high and low-level co-expression of p63+CK5/6. Multivariate

Table 5 Multivariate Cox model of overall survival to co-expression of
p63 and CK5/6 (n = 67)

Variable HR* 95% CI P*

Age: >61 y versus ≤61 y† 2.694 1.035–7.011 0.042
Gender: Male versus female 0.117 0.011–1.305 0.081
Smoking history: Ever versus never 11.519 1.418–93.594 0.022
pT stage: pT2–4 versus pT1 2.601 0.983–6.879 0.054
Histological grade: Well/moderately

versus poorly
0.454 0.171–1.205 0.113

p63+CK5/6 co-expression 0.002
Co-low expression versus

co-overexpression
15.394 3.392–69.859 0.000

Partial overexpression versus
co-overexpression

2.556 0.873–7.487 0.087

Co-overexpression, H scoresp63 > 150 and H scoresCK5/6 > 150; co-low
expression, H scoresp63 ≤ 150 and H scoresCK5/6 ≤ 150; partial over-
expression, H scoresp63 > 150 or H scoresCK5/6 > 150. *Statistical signifi-
cance was calculated by the Cox proportional hazards model. †The
median age of the entire population is indicated. CI, confidence interval;
CK, cytokeratin; HR, hazard ratio.
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analysis further found that in early-stage lung SQCC patients,
high expression levels of p63 and high co-expression levels
of p63+CK5/6 are independent prognostic factors for good
survival.

A limitation of this study was its small sample size, which
can result in bias. Although the data were from a prospective
database, the study was essentially retrospective. Therefore,
this study requires prospective data, a large sample size, and
randomized, controlled clinical trials for verification.

Conclusion

p63, p40, and CK5/6 are all specific indicators in lung SQCC
diagnosis. In addition, high levels of p63 and CK5/6 expres-
sion are indicators for good prognosis.
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