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Background: The Fragile histidine triad (FHIT) gene is a nucleotide metabolism associated with the Ap3A
hydrolase, which may regulate cell cycle and induce cell apoptosis. Phosphate and tensin homolog deleted
on chromosome ten (PTEN) had been found to be a dual specificity phosphatase activity (DSP) of the
tumor suppressor gene. However, the roles of FHIT and PTEN in patients with non-small-cell lung cancer
(NSCLC) is not well established so far.

Methods: Immunohistochemistry staining was used to determine the expression of FHIT and PTEN in
76 cases of normal lung tissue and benign pulmonary lesion tissues and 289 cases of NSCLC.

Results: The negative rate of FHIT and PTEN expression in NSCLC was significantly higher than that
in normal lung tissues and benign pulmonary lesion tissues (P<0.001). The negative expression of FHIT and
PTEN was closely associated with cell differentiation, TNM stages and lymph node metastasis and smoking
history in NSCLC (P<0.001). Furthermore, the expressing level of FHIT and PTEN protein in NSCLC
was associated with a poor survival of patients (P<0.001). The result of multivariate Cox analysis showed that
smoking, TNM stage and loss of FHIT and PTEN expression were independent prognosticators.
Conclusions: Loss of FHIT and PTEN expression in clinical specimens could be related to invasion
and metastasis of NSCLC. FHIT and PTEN expression are independent prognostic factor for patients
with NSCLC. Restoring the imbalance of FHIT and PTEN expression may become a new target to treat

NSCLC. In addition, tobacco can induce gene deletion mutations and result in the loss of FHIT expression.
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Introduction Thus it urgent for us to further understand the molecular
Lung cancer remains the leading causes of cancer mortality mechanisms of NSCLC and finding new molecular targets
both in men and in women and is the most common cancer for treatment.
both in incidence and in mortality globally (1.35 million deaths
annually). Non-small-cell lung cancer (NSCLC) accounts
for approximately 80% of lung cancers diagnosed (1). The of FHIT and PTEN expression is still interesting and
long-term survival rate of patients remains unsatisfactory useful for clinic. According to literature reported, the

with NSCLC due to unclear pathological mechanism. FHIT gene is a nucleotide metabolism associated with

FHIT and PTEN genes are tumor suppressor gene
reported many years ago, but research about the loss
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the Ap3A hydrolase, which may regulate cell cycle and
induce cell apoptosis (2). Also, PTEN gene is the first
discovery of a dual specificity phosphatase activity of tumor
suppressor gene (3). Frequent inactivation of the PTEN
tumor suppressor gene leads to negatively regulating
phosphatidylinositol 3 phosphate levels (4) and alterations of
this gene have been identified in a large fraction of cancers
including lung cancer (5). Thus, we sought to explore
the role of FHIT and PTEN gene in lung tumorigenesis
through using immunohistochemistry staining to detect the
expression level of FHIT and PTEN gene in normal lung
tissue and benign lung lesions, compared with NSCLC.

Methods
Patients

Clinical data and tissue samples were obtained from surgical
specimens from July, 2008 to October, 2010. All patients
gave informed consent before collection of the specimens.
Institutional review board was approval for this study. Forty
cases normal lung tissue and 36 cases benign pulmonary
lesion tissues included 48 males and 28 females ranging
from 19 to 68 years (median, 53 years) of age. Lung benign
lesions were from adjacent normal lung tissue including
pulmonary tuberculosis (10 cases), bronchiectasis (8 cases),
inflammatory pseudotumor (5 cases), bronchogenic cysts
(6 cases), pulmonary bullae (3 cases), hamartoma (4 cases).
The 289 NSCLC patients consisted of 164 males and 125
females ranging from 26 to 82 years (median, 59.63 years)
of age, including 151 smokers and 138 non-smokers;
NO (96 cases), N1-2 (193 cases). Histological types included
squamous cell carcinomas (120 cases), adenocarcinomas
(139 cases), adenosquamous carcinomas (22 cases), large
cell carcinomas (8 cases); according to the degree of
differentiation, these NSCLC patients were classified into
poorly differentiated carcinomas (93 cases), differentiated
carcinomas (122 cases), high differentiated carcinomas
(74 cases). Histological types were managed according to
the World Health Organization Histologic Typing of Lung
Tumors. The pathological stages of the patients were based
on the seventh TNM Classification of Malignant Tumors.
Pulmonary resection was performed mainly for early
disease stages [stage I (96 cases), stage II (91 cases), stage 111
(98 cases), stage IV (4 cases)]—including solitary brain
metastasis (3 cases), solitary adrenal metastasis (1 case), all
of which underwent gamma knife treatment before radical
operation of lung cancer.
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Follow up

"Two hundred and eighty nine cases of NSCLC patients were
followed up by telephone, letters and other forms. All the
patients had complete record of follow-up. The deadline
of follow-up was November 2014. The survival time was
calculated from the date of finishing surgery to 60 months
of follow-up or the date of death (any cause). A total of 105
patients survived until the deadline of follow-up.

Primary antibodies

The rabbit polyclonal anti-FHIT antibody (ZYMED
BioTechnology Co. Ltd, USA) was used at a 1:200 dilution;
Mouse monoclonal anti-PTEN (Zhongshan Jinqiao
BioTechnology Co. Ltd., Beijing, China) was used at a 1:200
dilution.

Immunobistochemistry

Tissue samples were fixed in 4% formalin and were
processed for paraffin embedding. Then, histological
sections were cut with 4 mm thickness. The tissue samples
were deparaffinized through a series of xylene baths
and were rehydrated through graded alcohols. Using
Immunohistochemical method of streptavidin-peroxidase
(S-P) determines the protein expression of FHIT and
PTEN, and using the high temperature water bath repairs
the antigen. The positive control was a section from breast
carcinoma, while the negative control staining was done
with phate buffer saline (PBS). The sections were incubated
with a primary antibody overnight at 4 °C, and the primary
antibody was diluted at the ratio of 1:200. FHIT and PTEN
gene expression products appeared in the patina or nucleus.
When gene expression was positive in cytoplasm, some
nuclear membrane showed brown granules.

Immmunobistochemical scoring

According to the percent of positive cells, relevant score was
given for each as follows: <5% of the cells =1 point; 5-50% of
the cells =2 points; >70% of the cells =3 points. Another score
was given according to the intensity of staining as follows (6):
negative staining =0 point; weak staining (light yellow) =1
point; moderate staining (yellowish brown) =2 points; strong
staining (brown) =3 points. A final score was then calculated
by multiplying two kinds of scores previously. If the final
score was >3, the tumor was considered positive expression;
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otherwise, the tumor was considered negative expression.
The degree of immunostaining was reviewed and calculated
by two independent observers.

Statistical analysis

All statistical analyses were conducted using the SPSS 17.0
statistical software package. Categorical variables were
evaluated by cross tabulation and the X’ test. A Chi-square
test (Phi correlation) was perform to examine the relationship
between FHIT and PTEN expression. Using Kaplan-Meier
method calculates the overall patients survival rate. The
difference in survival curves was evaluated by using a Log-rank

Table 1 Expression of FHIT, PTEN protein in normal lung tissue

and lung cancer tissues

FHIT expression PTEN expression

Type of expression

+ - + -
Normal lung tissue 74 2 73 3
Lung cancer tissue 132 157 116 173
» 65.41 75.35
P value <0.001 <0.001

Chang et al. Loss of FHIT and PTEN expression

test. The correlation between clinical and biological
characteristics and survival were analyzed by univariate and
multivariate Cox proportional hazard models. All of the tests
were two-sided. A P value of <0.05 in all cases was considered
statistically significant.

Result
FHIT and PTEN protein expression

FHIT and PTEN gene expression were primarily in the
cytoplasm or nucleus. We detected the negative rate of
FHIT and PTEN expression in 2 of 76 (2.63%) and 3 of
76 (3.94%) in normal lung specimens respectively, compared to
the negative rate of FHIT and PTEN expression in NSCLC
specimens 157 of 289 (54.32%) and 173 of 289 (59.86%)
respectively (P<0.001) (7able I). The negative rate of
FHIT expression includes 67.50% (81/120) squamous cell
carcinoma, 46.04% (64/139) adenocarcinoma, 45.45% (10/22)
adenosquamous carcinoma, 25.00% (2/8) large cell carcinoma
(Figure I). The negative rate of PTEN expression includes
56.67% (68/120) squamous cell carcinoma, 64.02% (89/139)
adenocarcinoma, 50.00% (11/22) adenosquamous
carcinoma, 62.50% (5/8) large cell carcinoma (Figure 2).

Figure 1 FHIT expression in NSCLC. (A) Immunohistochemistry stain of FHIT protein was located in cytoplasm of pulmonary

adenocarcinoma, Streptavidin-peroxidase (SP) 400x magnification; (B) negative FHIT protein expression in adenocarcinoma, SP 100x

magnification; (C) immunohistochemistry stain of FHIT protein was located in cytoplasm of pulmonary adenocarcinoma, SP 400x

magnification; (D) negative FHIT protein expression in squamous cell carcinoma of pulmonary, SP 400x magnification.
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Figure 2 PTEN expression in NSCLC. (A) Immunohistochemistry stain of PTEN protein was located in cytoplasm of pulmonary

adenocarcinoma, SP 400x magnification; (B) negative PTEN protein expression in adenocarcinoma, SP 400x magnification;

(C) immunohistochemistry stain of PTEN protein was located in squamous cell carcinoma of pulmonary, SP 400x magnification;

(D) negative PTEN protein expression in squamous cell carcinoma, SP 400x magnification.

Compared to normal lung specimens, the negative rate of
FHIT and PTEN expression were statistically significant
(P<0.001, respectively) (Tuble 2).

Correlation between the expressing levels of FHIT and
PTEN protein and the clinical and pathological features of
patients with NSCLC

Among the patients with NSCLC, the negative expression
of FHIT was unrelated to age and gender. With regard to
tumor characteristics, the loss of FHIT expression was more
significantly found in histological type, poor differentiation,
lymph node involvement, TNM-staging and smoking status.
On the other hand, the negative expression of PTEN was
unrelated to age, gender and histological type. With regard to
tumor characteristics, the loss of PTEN expression was more
significantly found in poor differentiation, TNM-staging,
lymph node involvement, and smoking status (7able 2).
A significant positive correlation (phi=0.199, P<0.001) was
observed between FHIT and PTEN expression (1uble 3).
Therefore, we speculate that there has low correlation
between these two genes lost together.

© Translational Cancer Research. All rights reserved.

Expression of FHI'T, PTEN and prognosis

At the end of follow-up, 105 NSCLC patients were still
alive. Patients with negative expression of FHIT and PTEN
showed significantly worse 5-years survival rate than those
with FHIT and PTEN positive expression (33.33% wvs.
66.67%, 28.57% vs. 71.43%, respectively, Figure 3). The
result of multivariate Cox analysis showed that smoking,
stage and FHIT and PTEN expression were independent
prognosticators (1iable 4).

Discussion

The imbalance between oncogene and anti-oncogene is
deemed to be the basis of tumorigenesis, FHIT and PTEN
gene are tumor suppressor gene reported many years ago,
which play an important role in the process of occurrence
and development in lung cancer. The FHIT gene is located
on 3P14.2, occupying with the 1Mb size of the position. This
gene includes t (3;8) translocation and FRA3B brittle, and it is
easily affected by external environment. The FHIT gene is the
first molecular events associated with brittle point instability

ter.amegroups.com Transl Cancer Res 2016;5(3):294-301
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Table 2 Expression of FHIT, PTEN protein and its clinical pathological factors in 289 patients with NSCLC

FHIT expression

PTEN expression

Factors n
+ - P value + - $ P value
Age(years) 2.466 0.116 2.398 0.121
>55 189 80 (42.3) 109 (57.7) 82 (43.4) 107 (56.6)
<55 100 52 (52.0) 48 (48.0) 34 (34.0 66 (66.0)
Gender 1.368 0.242 0.469 0.493
Male 164 70 (42.7) 94 (57.3) 63 (38.4) 101 (61.6)
Female 125 62 (49.6) 63 (50.4 53 (42.4) 72 (57.6)
Histological type 15.714  <0.001 2.511 0.481
Squamous cell carcinoma 120 39 (32.5) 81 (67.5) 52 (43.3) 68 (56.7)
Adenocarcinoma 139 75 (54.0) 64 (46.0) 50 (36.0) 89 (64)
Adenosquamous carcinoma 22 12 (54.5) 10 (45.5) 11 (50.0) 11 (50.0)
Large cell carcinoma 8 6 (75) 2 (25) 3 (37.5) 5 (62.5)
Histological differentiation 25.111  <0.001 27.085 <0.001
High 74 38 (51.4) 36 (48.6) 44 (59.5) 30 (40.5)
Moderate 122 71 (58.2) 51 (41.8) 53 (43.4) 69 (56.6)
Poorly 93 23 (24.7) 70 (75.3) 19 (20.4) 74 (79.6)
Tumor stage 4.504 0.034 6.232 0.013
I+11 187 94 (50.3) 93 (49.7) 85 (45.5) 102 (54.5)
+1v 102 38 (37.3) 64 (62.7) 31(30.4) 71 (69.6)
Lymph node involvement 7.818 0.005 10.090 0.001
N1+N2 193 77 (39.9) 116 (60.1) 65 (33.7) 128 (66.3)
NO 96 55 (57.3) 41 (42.7) 51 (53.1 45 (46.9)
Smoking status 18.047  <0.001 10.690 0.001
Yes 151 51(33.8) 100 (66.2) 47 (31.1) 104 (68.9)
No 138 81 (58.7) 57 (41.3) 69 (50.0) 69 (50.0)
Survival time 29.288  <0.001 67.201 <0.001
<5 years 184 62 (33.7) 122 (66.3) 41 (22.3) 143 (77.7)
>5 yeas 105 70 (66.7) 35 (33.3) 75 (71.4) 30 (28.6)

Values in round parenthesis represents percentiles calculated within each categorical factors.

Table 3 Correlation between FHIT and PTEN expression

PTEN expression

FHIT expression N Phi P value
- +
- 157 108 49
0.199 <0.001
+ 132 65

and tumor (2). PTEN gene is located on chromosome
10 in district 23.3, including 9 exons and 8 introns, full-
length 200KB, exon 5 coding region with bispecific
phosphatase function. The PTEN gene encodes a protein
of 403 amino acids, possessing dual specificity phosphatase

© Translational Cancer Research. All rights reserved.

activity of protein. The PTEN protein is regulated by
PI3PK/PKB signaling pathways and thereby functioned
as inducing apoptosis and inhibiting cell growth (7,8).
In addition, PTEN protein can directly work on the local
adhesion kinase (FAK) and prevent tumor metastasis (9).
Moreover, other studies showed that the inactivation of PTEN
gene caused by mutation or deletion results in lower PTEN
protein expression or no PTEN protein expression (4,5).
The common PTEN mutation was in exon 5, 7 and 8,
which is easily affected by the environment and other
factors. What’s more, PTEN can cause the PI3P2 to remove
3—phosphate and inactivation, loss of messenger function,

tcr.amegroups.com Transl Cancer Res 2016;5(3):294-301
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Figure 3 Kaplan-Meier cumulative survival analyses according to FHIT (A) and PTEN (B) status. (A) Difference in survival for 157 negative

FHIT expression and 132 positive FHIT expression was statistically by Log-rank (3’=81.44, P<0.0001). Green line, patients with positive

FHIT expression; blue line, patients with negative FHIT expression; (B) difference in survival for 173 negative PTEN expression and 116

positive PTEN expression was statistically by Log-rank (x’=82.53, P<0.0001). Green line, patients with positive PTEN expression; blue line,

patients with negative PTEN expression.

Table 4 Multivariate Cox analysis of clinical and pathological features

95.0% ClI for Exp (B)

Type Factors B SE Wald Sig. Exp (B)
Lower Upper
PTEN Smoking status -0.764 0.167 21.013 0.000 0.466 0.336 0.646
TNM stage 0.390 0.177 4.837 0.028 1.476 1.043 2.089
PTEN expression -1.109 0.201 30.433 0.000 0.330 0.222 0.489
FHIT Smoking status -0.796 0.167 22.795 0.000 0.451 0.325 0.625
TNM stage 0.381 0.185 4.252 0.039 1.464 1.019 2.104
FHIT expression -0.958 0.197 23.596 0.000 0.384 0.261 0.565

PTEN, multivariate analysis of pathological factors for the overall survival rate of 289 patients with negative expression of PTEN of NSCLC;

FHIT, Multivariate analysis of pathological factors for the overall survival rate of 289 patients with negative expression of FHIT of NSCLC; B,

partial regression coefficient; S.E., standard error of partial regression coefficient; Wald, ¥* vaule which was used to compare if there was

difference between total partial regression coefficient and 0; Cl, confidence interval; Exp(B), relative hazard ratio. P<0.05.

known as protein kinase B signal transduction pathway
“switch” (10). Therefore, the deletion mutation of the
PTEN gene or inactivation of the expression product might
be closely associated with the genesis and development of
cancer (11,12)

In our study, there were higher rates of loss of FHIT
and PTEN expression in NSCLC specimens (54.32%
and 59.86%, respectively) when compared to normal lung
tissue (P<0.001), which indicate that this association may
have implications for tumorigenesis. Moreover, several
publications (13-15) have reported their result the same
as our further analysis that loss of FHIT expression was
related to squamous cell carcinoma and adenocarcinoma

© Translational Cancer Research. All rights reserved.

(P<0.001). According to previous literature reported,
PTEN mutations were significantly more frequent
in squamous cell carcinoma than in adenocarcinoma
(16-18), while our study showed the loss of PTEN
expression in adenocarcinoma and in squamous cell
carcinoma without significance (64.03% vs. 56.67%,
P>0.05). We consider that low statistical power may
account for this observation. In addition, whether the
mutation of PTEN gene will affect the expression of the
protein needs further study.

Expression of FHIT and PTEN protein were related to
differentiation of lung cancer, TNM-staging and prognosis.
In our study, loss of FHIT and PTEN expression in early

tcr.amegroups.com Transl Cancer Res 2016;5(3):294-301
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stage lung cancer (stage I + II) were 49.73% (93/187) and
54.55% (102/187), while 62.75% (64/102) and 69.61%
(71/102) in advanced lung cancer (stage I1I + IV) (P=0.034,
P=0.013, respectively). Moreover, patients with loss of
FHIT and PTEN expression showed significantly worse
5 years survival rate than relevant those with FHIT and
PTEN positive expression. Our findings support those
of previously published reports that have suggested that
smoking, TNM stage and FHIT and PTEN expression
were independent prognosticators (19,20). Our result
suggested that FHIT and PTEN might be an independent
prognostic factor for patients with NSCLC. In addition,
the detection of the expression of FHIT and PTEN may
provide reference for postoperative radiotherapy and
chemotherapy. Several studies have demonstrated that loss
of PTEN expression contributes to gefitinib resistance in
NSCLC (21,22).

According to our study, the loss of FHIT expression in
smoking group was significantly higher than that of non
smoking group (P<0.001). The FHIT gene contains the
most common fragile site of human genome, FRE3B, which
is easily induced to be broken by tobacco carcinogen (23,24).
We can infer that tobacco, which contains many chemical
mutagenesis, can induce gene deletion mutations and
result in the loss of FHIT expression, which leads to the
occurrence of tumor. FRA3B may be a preferential target
of tobacco smoke damage at a molecular level and early
molecular phenomenon of lung cancer. The expression
of FHIT may be lower in squamous cell carcinoma
due to its association with higher rates of smoking than
adenocarcinoma. As for adenocarcinoma, the mechanism
of loss expression of FHIT is still unclear. The connection
between smoking and the loss expression of PTEN is also
unclear and needs further study.

Conclusions

In summary, we have demonstrated that loss of FHI'T and
PTEN expression in clinical specimens could be invasion
and metastasis of NSCLC. Our result suggested that loss
of FHIT and PTEN expression confer poor prognosis in
NSCLC. FHIT and PTEN are independent prognostic
factor for patients with NSCLC. Restoring the imbalance
of FHIT and PTEN expression may become a new
target to treat NSCLC. In addition, tobacco can induce
gene deletion mutations and result in the loss of FHIT
expression.

© Translational Cancer Research. All rights reserved.
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