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Abstract: Laryngeal squamous cell carcinoma is a common malignant tumor of otolaryngeal region. At present, ef-
fective treatment of laryngeal squamous cell carcinoma still depends on surgery and radiotherapy. In recent years, 
application of CO2 laser resection in the treatment of stage T1 glottic carcinoma can remove the tumor completely 
and reduce the injury of laryngeal tissues. But recurrence still happened in some postoperative patients. Here, 
we selected 131 patients to compare the therapeutic effects of CO2 laser resection and traditional split laryngeal 
surgery on the early laryngeal cancer, examined the expression of p27 and PTEN by immunohistochemistry in 
early laryngeal squamous cell carcinoma tissues in correlation to clinical outcome. After two years follow-up 14/85 
(16.5%) of CO2 laser treatment group presented with local recurrence (recurrent group), while that of split laryngeal 
surgery group was 6/46 (13.0%). There was no statistical significance in recurrence rate between the two groups 
(P > 0.05). 10 of all the 111 (9.0%) non-recurrent patients did not follow the doctor’s advice to quit smoking after 
the operation, while 12 in the 20 (60.0%) recurrent patients did not; the difference between the two groups was 
statistically significant (P < 0.01). The positive rates of p27 were 80.2% (105/131) and 43.5% (57/131), and that of 
PTEN were 83.2% (109/131) and 48.9% (64/131) in the cancer adjacent tissues (negative surgical margin tissues) 
and in laryngeal carcinoma tissues, respectively (P < 0.001). The expression rates of p27 and PTEN in laryngeal 
carcinoma tissues of the recurrent group were 20.0% (4/20), 10.0% (2/20) and that in non recurrent group were 
47.7% (53/111) and 55.9% (62/111), respectively, with a significant difference (P < 0.001). In addition, the expres-
sion of p27 and PTEN in tumor resected marginal tissues of the recurrence group was 50.0% (10/20), 40.0% (8/20) 
and that in non recurrence group was 85.6% (95/111) and 91.0% (101/111), respectively; the difference was also 
statistically significant between both groups (P < 0.001). In conclusion, there is no statistically significant difference 
in tumor recurrence rate between CO2 laser surgery and traditional split laryngeal surgery. Postoperative recurrence 
is closely related to resume smoking. The recurrence rate of p27 and/or PTEN-negative patients was higher than 
that of the positive ones,that should be followed up closely after treatment. 

Keywords: CO2 laser resection, Laryngeal squamous cell carcinoma, p27, PTEN, recurrence

Introduction

Supraglottic cancer is the most common type 
of laryngeal squamous cell carcinoma [1]. In 
recent years the application of CO2 laser in 
treating stage T1 cancer of the vocal cords can 
completely resect the tumor and reduce the 
occurrence of laryngeal dysfunction, but there 
are still some patients with recurrence, and the 
recurrence rate and cervical lymph node 
metastasis rate hover between 10-50% [2]. 

The main factor affecting the prognosis of 
patients with laryngeal cancer with CO2 laser 
resection has not been fully elucidated yet. 
Thus, to figure out the postoperative recurrence 
factors of the tumor became a very important 
issue for its early intervention.

Here, we analyzed the clinical factors and tumor 
markers that may indicate cancer recurrence in 
order to select the rational treatment of laryn-
geal squamous cell carcinoma and guide clini-
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cians to choose the appropriate treatment for 
prevention of the recurrence and improvement 
of the prognosis of the disease.

Material and methods

Cases description 

Our study involved 85 patients who underwent 
CO2 laser resection surgery at Tangshan Union 
Hospital from February, 2004 to October, 2010, 
including 78 males and 7 females, aged 48 to 
75 years, with mean (59.3 ± 14.7) years, 
according to the AJCC Cancer Staging, they 
were all belonged to stage T1 that was subdi-
vided into T1a and T1b, including 58 cases in 
stage T1a and 27 cases in stage T1b. Another 
46 patients who underwent laryngeal split sur-
gery were also selected at Tangshan Union 
Hospital from January, 2000 to December, 
2004, including 41 males and 5 females, aged 
45 to 70 years, with mean (52.3 ± 14.7) years, 
among which 30 cases were in stage T1a and 
16 cases in stage T1b. All the 131 patients 
involved in the study have been informed 
research content and signed the informed con-
sent voluntarily. The study was approved by the 
Ethics Committee of Tangshan Union Hospital. 
All specimens were retained 5 mm as adjacent 
tissues (negative surgical margins). After sur-
gery all patients were advised to quit smoking.

Tumor-associated molecular protein expres-
sion by immunohistochemistry

All the surgically removed tissue specimens 
were fixed in 10% neutral formalin, embedded 
in paraffin, and one representative block from 
each patient was sectioned at 4 μm, stained 
with hematoxylin and eosin (HE) and evaluated 
by immunohistochemistry according to the pro-
tocol described in the manufacturer’s guide 
accompanying the kit. Invasive breast cancer 
samples with p27 and PTEN expression were 
used as positive immunostaining controls. For 
the negative control, the primary antibodies 
were replaced with phosphate-buffered saline 
(PBS). The mouse monoclonal antibody against 
human p27 (clone number: SX53GB, 1:100) 
and PTEN (clone number: ZA-0251, 1:40) were 
all purchased from Beijing Zhongshan Golden 
Bridge Biotechnology Co., Ltd. SP immunohisto-
chemistry kit was purchased from Maxim 
Biotechnology Development Co, Fuzhou, China.

Evaluation of immunohistochemical analysis

Positive reaction of the immunohistochemical 
staining showed brown or brownish yellow in 
color. PTEN expressed in the nucleus of cancer 
cells. Positive signals of p27 located in nucleus, 
no cytoplasmic staining and part of the inflam-
matory cells around cancer cells may be stained 
occasionally. 10 high magnification visions 
were selected randomly in each stained sec-
tion and 10 high power field representatives 
was observed, the brown nuclear staining cells 
were observed and counted. Positive staining 
in more than 10% of the cells was considered 
positive, while less than 10% or colorless were 
defined as negative.

Statistical analysis

The statistical analyses were performed with 
PASW Statistics 18.0 (SPSS Inc., Chicago, IL, U 
S A). Recurrence rates of the two surgical meth-
ods, the relationships between the expression 
of p27, PTEN and the various clinicopathologi-
cal findings were evaluated using the Chi-
square test, and the Spearman Chi-square test 
rank to evaluate correlation between the 
expression of two proteins. P values less than 
0.05 were considered to be statistically 
significant.

Results

Difference between the CO2 laser resection 
and split laryngeal surgery

During follow-up, 20 patients (recurrence 
group) presented with recurrence that under-
went CO2 laser resection or split laryngeal sur-
gery of the total 131 patients. 111 cases were 
without recurrence (non-recurrence group). 
Among them, 14 cases presented with local 
recurrence in 85 patients treated with CO2 
laser resection surgery, the recurrence rate 
was 16.5%, while 6 cases presented with local 
recurrence in 46 patients underwent routine 
split laryngeal surgery, the recurrence rate was 
13.0%. There was no statistical difference 
between the two surgical methods (χ2 = 0.271, 
P > 0.05). 10 of the 111 (9.0%) non recurrence 
group patients addicted to smoking after the 
surgery without following the doctors’ advice, 
while that of the recurrence group was 12 
cases (60.0%), with statistically significant dif-
ference (χ2 = 31.533, P < 0.001). 
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Correlation of the expression of p27 and PTEN 
with outcomes of patients with laryngeal 
carcinoma

The positive rates of p27 expression were 
43.5% (57/131) and 80.2% (105/131), and 
that of PTEN were 48.9% (64/131) and 83.2% 
(109/131) in the cancer adjacent tissues (neg-
ative surgical margin tissues) and in laryngeal 
carcinoma tissues, respectively (P < 0.001) 
(Figure 1A-D; Table 2). The expression rates of 
p27 and PTEN in laryngeal carcinoma tissues 
of the recurrent group were 20.0% (4/20), 
47.7% (53/111) and that in non recurrent group 
were 10.0% (2/20) and 55.9% (62/111), 
respectively, with a significant difference (P < 
0.001). In addition, the expression of p27 and 
PTEN in tumor resected marginal tissues of the 
recurrence group was 50.0% (10/20), 40.0% 
(8/20) and that in non recurrence group was 
85.6% (95/111) and 91.0% (101/111), respec-
tively; the difference was also statistically sig-

nificant between the two groups (P < 0.001, 
Tables 1, 3). No correlation between the expres-
sion of the two proteins and other clinicopatho-
logical features was found in this study (Table 
1). 

Discussion

Supraglottic cancer is the most common type 
of laryngeal squamous cell carcinoma, mostly 
invasive growth and well-differentiated. Growth 
characteristics of supraglottic cancer depend 
on its unique anatomical features. Due to the 
rare lymphatic drainage, early lesions rarely 
present metastasis. Therefore, CO2 laser sur-
gery for laryngeal cancer became one of the 
minimally invasive surgeries for the treatment 
of laryngeal cancer in recent years. CO2 laser 
surgery can remove the tumor through natural 
channels without neck incision and tracheoto-
my, with less damage and bleeding. Combined 
with microscopes, it can judge resected mar-

Figure 1. Expression of PTEN and p27 in laryngeal squamous cell carcinoma and its adjacent tissues. A. Immuno-
histochemical detection of PTEN in laryngeal carcinoma tissue. B. Immunohistochemical detection of PTEN in laryn-
geal carcinoma adjacent tissue. C. Immunohistochemical detection of p27 in laryngeal carcinoma tissue. D. Immu-
nohistochemical detection of p27 in laryngeal carcinoma adjacent tissue. SP method, original magnification × 100.
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gins of the tumor accurately, resect precisely 
and retain organ’s function in a great degree, 
recover soon, shorten the hospital stay and 
reduce the medical expenses. Therefore, CO2 
laser resection surgery has obvious advantag-
es compared with radiation therapy and tradi-
tional split laryngeal surgery [3]. In recent years, 
due to the application of laryngeal microsurgery 
techniques in the treatment of supraglottic 
cancer, early diagnosis and CO2 laser resection 
became easier and possible [4]. Under the 
laryngoscope, CO2 laser in treatment of early 
laryngeal cancer can accurately remove the 
tumor, stop bleeding effectively and reduce 
recurrence after surgery, thus prior to the tradi-
tional split laryngeal surgery [5]. Studies have 
shown that CO2 laser resection in treating the 
early glottic cancer has the same therapeutic 
effect with radiation therapy, throat cut or par-
tial split laryngectomy; the 5-year survival rate 
was above 80%, local control rate was 77% to 
100% and throat retention rate was more than 
90% [6]. It was reported that after CO2 laser 
surgery of non-selective stage T1 glottic cancer 
cases (including T1a, T1b) and some cases of 

can expose previously to laryngoscope, the 
local control rate was 83.5% (71/85), larynx 
preservation rate was 95.3% (81/85) and the 
recurrence rate was 16.5% (14/85), with no sig-
nificant difference compared with split throat 
surgery, similar to that reported in the literature 
[10-12]. Smoking is another risk factor that is 
closely correlated with many tumors including 
throat cancer [13]. More than 90% of laryngeal 
cancer patients have a history of smoking at 
different times [14], so quit smoking after tumor 
resection is critical for avoiding recurrence. Our 
research indicated that recurrence after sur-
gery was correlated with addicted to smoking 
again.

Tumorigenesis is a complex process of multi-
factors and multi-stage. Compared to their nor-
mal original cell, the tumor cells contain not 
only some proteins that are not expressed in 
the normal cells, but also some proteins of dif-
ferent expression levels that have same nature 
with normal cells [15]. Thus, by comparing dif-
ferences of protein expression in tumor and 
normal tissues of patients, may be found with 
the tumor-associated proteins, these proteins 

Table 1. Correlation between expression of PTEN, p27 and tumor recurrence (No. of patients)
Clinical features Total No. PTEN+ χ2 P p27+ χ2 P
Total No. 131 64 57
Differentiation
    Well-moderately Differentiated 100 46 1.378 0.240 40 2.120 0.145
    Poorly-differentiated 31 18 17
TNM staging
    Stage T1a 88 39 2.208 0.137 40 0.412 0.521
    Stage T1b 43 25 17
Prognosis
    Recurrence 20 2 12.485 0.000 4 4.240 0.039
    Non recurrence 111 62 53

Table 2. Expression of p21, p27 in laryngeal squamous carcinoma 
and tumor resection marginal tissues (No. of patients)
Tissue source PTEN+ χ2 P p27+ χ2 P
Carcinoma tissues 64 34.458 0.000 57 37.262 0.000
Tumor surgical marginal tissues 109 105

Table 3. Correlation between expression of PTEN, p27 in the tumor 
resection marginal tissues with tumor recurrence (No. of patients) 
Prognosis PTEN+ χ2 P p27 + χ2 P
Recurrence 8 31.533 0.000 10 13.490 0.000
Non recurrence 101 95

stage T2 of patients, 5-year 
local control rate was 88% 
(81-93%), larynx retention 
rate was 95%, while the 
patients of stage T1a glottic 
cancer exposed satisfactory 
to the CO2 laser surgery by 
laryngoscope supporting, 
the 5-year local control rate 
was 92% and larynx preser-
vation rate was 98% [7-9]. 
Our study included all those 
untreated stage T1 patients 
(T1a, T1b) were subjected to 
CO2 laser surgery alone that 
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can be used as prognostic tumor markers [16]. 
Animal experiments showed that almost every 
organ or tissue may express p27 protein. As a 
cyclin-dependent kinase inhibitor (CDKI), it 
played a pivotal role in promoting self-balanc-
ing in the organization [17]. Studies have shown 
that, p27 protein can be detected in human 
benign and malignant lesions, but the expres-
sion in benign lesions and normal tissues was 
significantly higher than that of malignant tis-
sues, suggesting that p27 protein expression in 
the most quiescent cells, down-regulation of 
p27 gene will result in abnormal proliferation of 
cells [18]. As a member of CDKI family p27 can 
inhibit G1-S phase of cell cycle by acting on 
CDK directly or indirectly [19]. p27 gene-trans-
fected cells and its overexpression afterwards 
could strongly inhibit DNA synthesis and pre-
vent their entry into S phase from G1 phase, so 
S-phase cells decreased. Therefore, p27 gene 
was considered to be a member of tumor sup-
pressor gene family [20]. Study showed that 
lack or decreased expression of p27 was close-
ly associated with patients’ poor prognosis 
[18], which was consistent with our findings 
that the positive rate of p27 in laryngeal cancer 
tissues was significantly lower than that in the 
adjacent tissues. Meanwhile, the positive rate 
of p27 in laryngeal cancer recurrence group 
was significantly lower than the non-recurrence 
group, suggesting that p27 played a negative 
role of regulating the growth of laryngeal 
cancer.

PTEN has been shown to act as a tumor sup-
pressor whose function includes suspending 
the cell cycle in G phase,accelerating cell apop-
tosis, regulating cell growth ,maintaining nor-
mal metabolism and internal environment 
homeostasis, inhibiting cell proliferation, tumor 
angiogenesis and invasiveness in tumor cells. 
Currently it was found that the expression of 
PTEN was strongly relevance to recurrence and 
prognosis of head and neck squamous cell car-
cinoma. Decreased and even loss of expres-
sion of PTEN protein in tumor tissues, including 
laryngeal carcinoma, was significantly correlat-
ed with tumor recurrence and metastasis [21]. 
Previous study showed that PTEN gene played 
an important role in occurrence and develop-
ment of laryngeal cancer [22]. Our studies 
found that the positive rate of PTEN in 131 sur-
gical margins of laryngeal cancer was 83.2%, 
which was significantly higher than that of can-
cer tissues. Meanwhile, the positive expression 
rate of PTEN in recurrence group was signifi-

cantly lower than that of the non-recurrence 
group, suggesting that decreased or absent 
PTEN expression in laryngeal surgical margin 
tissues is closely related to the recurrence of 
tumor. Studies have shown that the perfor-
mance of PTEN in its tumor suppressor role in 
the cell cycle regulated by its upregulation of 
p27 expression. Cheney et al [23] found that 
PTEN may induce the combination of p27 and 
cyclin E/cyclin-dependent kinase 2 (cyclinE/
CDK2) complex that significantly inhibits CDK2 
kinase activity, resulting in growth inhibition of 
cell cycle. Sun et al [24] and other studies have 
shown that PTEN could inhibit degradation of 
p27 in the post-transcriptional level through 
the PI3K pathway. These may be the reasons to 
explain in our study that low expression of PTEN 
often accompanies with p27 simultaneously in 
the vocal carcinoma tissues.

In summary, there was no significant difference 
between CO2 laser surgery and traditional split 
throat surgery in postoperative recurrence rate. 
With little surgical trauma and retaining much 
of laryngeal function, CO2 laser surgery is the 
preferred surgical modality in treating early 
laryngeal cancer. However, for those negative 
margins after surgery did not mean that there 
were no molecular biology changes to some 
extent, such as some tumor suppressor genes’ 
mutation, deletion or decreased activity includ-
ing PTEN and p27, which played key roles in 
promoting the recurrence of laryngeal squa-
mous cell carcinoma. For those patients with 
negative expression of p27 and PTEN should 
be followed-up closely in order to take mea-
sures timely before tumor recurrence.
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