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Abstract: Lung cancer is a common malignant tumor with rapidly increased incidence. Fas and FasL are important
protein molecules inducing cell apoptosis. This study tested Fas/FasL expression in non-small cell lung cancer
(NSCLC) and analyzed the correlation with cell apoptosis and clinical/pathological features. NSCLC patients were
recruited in our hospital, in parallel with healthy individuals. Enzyme linked immunosorbent assay (ELISA) and im-
munohistochemistry (IHC) were used to test serum and tissue expression of Fas and FasL. Number of tumor infiltra-
tive lymphocytes (TILs) was measured, in addition to TUNEL assay for lung cancer cell apoptosis. The correlation
between Fas/FasL expression and cell apoptosis or clinical pathological features was analyzed. Compared to the
control group, patients had lower serum or tissue Fas positive rate, and elevated FasL positive rate (P < 0.05). Those
individuals with high TIL had potent Fas expression than those with low TIL level, plus decreased FasL expression
and elevated tumor cell apoptosis rate (P < 0.05). FasL was negatively correlated with cell apoptosis, while Fas was
positively correlated with cell apoptosis (P < 0.05). With more advanced TNM stage, lower differentiation grade and
occurrence of lymph node metastasis, FasL expression was increased while Fas expression was decreased (P <
0.05). NSCLC patients have lower Fas expression and higher FasL expression, both of which participate in occur-
rence and progression of NSCLC.
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Introduction

Apoptosis is programmed cell death that can
maintain body homeostasis, and is mainly regu-
lated by genetics. Previous studies suggested a
correlation between malignant tumor genesis
and immune escape from the perspective of
immunology [1, 2]. Pathways for cell apoptosis
include death receptor pathway, mitochondrial
pathway. Fas is highly expressed in various cell
types such as fibroblast or lymphocytes. As one
important death receptor, Fas has the ligand,
FasL, which is one type Il transmembrane gly-
coprotein that is distributed on the surface of
multiple cells. After binding between Fas and
FasL, cell apoptosis is initiated after receptor
activation [3, 4]. Tumor-specific antigen can
regulate tumor infiltrative T lymphocytes (TIL)
to induce their up-regulation of Fas, which en-
hances sensitivity of T cells for apoptosis. In-

duction is then achieved via ligand FasL, whi-
ch produces cell apoptosis in those T lympho-
cytes with high expression of Fas [5, 6]. Pre-
vious study indicated lower Fas expression or
even silencing during occurrence and progres-
sion of various malignant tumors such as co-
lorectal carcinoma, rectal cancer and cervical
cancer, leading to inhibited lymphocyte-indu-
ced apoptosis of tumor cells [7, 8]. This study
thus recruited non-small cell lung cancer (NS-
CLC) patients to quantify Fas/FasL expression
in blood and tissues, followed by the correla-
tion analysis with cell apoptosis and clinical
pathology features.

Information and methods
General information

A total of 40 NSCLC patients who received
treatment in Inner Mongolia Peoples Hospital
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Table 1. Blood Fas/Fasl contents in the pa-
tient group

Group N Fas (ng/ml) Fasl (ng/ml)
Patients 40 0.16+0.04" 1.47 +£0.07"
Control 20 1.03+0.01 0.02 £ 0.01
Note: *, P < 0.05 compared to the control group.

from January 2015 to January 2016 were re-
cruited. All patients were confirmed as NSCLC
by pathology examination during surgery or in
biopsy. There were 20 males and 20 females in
the patient group, with ages between 20-70
years (average age = 45.2 + 8.4 years). Another
cohort of 20 healthy individuals in our hospital
were recruited as the control group, including
12 males and 8 females, aging between 20
and 70 years (average age = 45.1 + 3.4 years).
No significant difference of sex or age existed
between two groups (P > 0.05), which were
thus comparable.

The study protocol was approved by the Re-
search Ethics Committee of Inner Mongolia
Peoples Hospital, and all patients gave their
informed consent before study commence-
ment.

Reagents and equipment

ELISA kits for Fas and FasL; Primary antibody
for Fas and FasL; Rabbit anti-mouse secondary
antibody; DAB test kit (Maixin Biotech, China);
Mouse anti-human CD45R0O monoclonal anti-
body (MAB-0039).

ELISA for blood Fas and FasL contents in
patients

Fasted venous blood samples were collected
from all patients. Blood sample was centrifu-
ged to collect the supernatant (serum). ELISA
was used to test blood Fas/FasL contents. In
brief, patients’ serum and standard samples
were diluted and added into 96-well plate. Af-
ter washing, developing and quenching, the
absorbance value at 450 nm was measured.

IHC method for detecting Fas, FasL and
CD45R0 expression in tissues

Tissues were fixed, dehydrated, and embedded
in paraffin for preparing serial slices. Tissue
slices were de-waxed, re-hydrated, processed
in heated antigen retrieval and blocking solu-
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tion. Primary antibody and secondary antibody
were sequentially added into slices for 1 hour
and 10 minute incubation. The slices were
developed, quenched, counter-stained, and
mounted for observation.

Fas/FasL positive cells were defined as no
staining in nucleus and brown-yellow granules
in cytoplasm. Staining was classified based on
percentage of positively stained cells: negative
(-), less than 10%; weak positive (+), 11%~25%;
positive (++), 26%~50%; strong positive (+++),
higher than 50%.

In evaluating CD45RO0 level, a total of 25 fields
(200x) were counted. Low TIL was defined as
less than 150 cells, while high TIL was defined
as higher than 150 cells.

TUNEL for apoptotic cells

Tissues were dehydrated, embedded, and sec-
tioned. Slices were rinsed in xylene and gradi-
ent ethanol, followed by Proteinase K incuba-
tion. A total of 50 pl TUNEL mixture was added
for counting apoptotic cells. Also, 50 ul convert-
er-POD was added, followed by 50 ul DAB sub-
strate. The slice was counter-stained by hema-
toxylin and counted for those cells with brown
granules in nucleus.

Data processing

SPSS17.0 software was used for data pro-
cessing. Enumeration data were tested by Chi-
square test, while measurements were ana-
lyzed by ANOVA and are presented as mean +
standard deviation (SD). Multi-variate analy-
sis was performed using Logistic regression
model. A statistical significance was defined
when P < 0.05.

Results
ELISA for Fas/Fasl contents in patient serum

Tests for serum Fas/Fasl contents revealed
0.16 + 0.04 ng/ml Fas in patients group, whi-
ch was higher than the control group, and 1.47
+ 0.07 ng/ml Fasl, which was higher than the
control group (P < 0.05, Table 1).

IHC for tissue Fas/Fasl expression in patients

Further assays of Fas/Fasl expression in pa-
tient tissues, using no nuclear staining plus
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Table 2. Fas/FasL expression in patients

Correlation between Fas/Fasl

Fas expression level

Fasl expression level

expression and clinical pathology

Group N Positive

A e ey

rate (%)

features of lung cancer

Tumor 40 25 14 1 37.5"* 10 19
Adjacent 40 5 25 10 875* 30 10
Control 20 1 9 10 95 17 3

Positive

rate (%) . )

757 Analysis for the correlation be-
o5 tween Fas/Fasl expression and
15 pathology features was then per-

Note: *, P < 0.05 compared to adjacent tissues; #, P < 0.05 compared to the

control group.

brown/brown-yellow granules in cytoplasm as
positive staining, revealed 37.5% positive rate
of Fas in patient group, while tumor adjacent
tissues showed abundant brown granules
with 87.5% Fas-positive rate, which was signifi-
cantly higher than tumor tissues (P < 0.05)
(Table 2; Figure 1). In Fasl staining, tumor tis-
sues had abundant brown granules (positive
rate = 75%), while adjacent tissues had minor
signals (positive rate = 25%).

Fas and Fasl expression in patient with differ-
ent TIL grades

Fas and Fasl expression levels in patient’s tu-
mor tissues were tested with various TIL infil-
tration grade reagents. Results showed 87.5%
Fas-positive rate in NSCLC cases with high TIL
level, as higher than low-TIL group. Fasl positive
rate was 56.3% in high-TIL groups, as lower
than low-TIL group (P < 0.05, Table 3).

TUNEL for cell apoptosis

Apoptotic cells were further analyzed, which
are presented as brown granules in lympho-
cyte nucleus. In pulmonary tissues, only minor
brown granules were observed in cancer tis-
sues, with (3.37 * 1.50)%. Abundant brown
granules were observed in both adjacent tis-
sues and normal tissues, with apoptotic rates
at 6.59 + 7.46% and 31.47 + 17.99%, respec-
tively. Tumor tissues had lower cell apoptotic
rate than adjacent tissues or the control group
(P < 0.05, Figures 2 and 3).

Correlation between Fas/Fasl expression and
cell apoptosis

Fasl is negatively correlated with cell apoptotic
rate (r = 0.84, P < 0.05). Fas is positively cor-
related with cell apoptotic rate (r = -0.65, P <
0.05). Fasl is negatively correlated with Fas (r =
-0.27, P < 0.05).
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formed. Results show significantly
decreased Fas expression and
elevated Fasl expression in NS-
CLC tumor tissues (P < 0.05). In
those with more advanced TNM stage, lower
differentiation grade, or occurrence of lymph
node metastasis, Fasl expression was up-regu-
lated while Fas expression was down-regulated
(P < 0.05, Table 4).

Discussion

Fas is one transmembrane glycoprotein, and
has Fasl as its natural ligand. After specific
binding, Fas can induce apoptotic related sig-
nal to stimulate apoptosis of Fas-positive tar-
get cells. Maintenance of Fas/Fasl signal tra-
nsduction pathway thus can guarantee ho-
meostasis of cell proliferation and apoptosis,
thereby playing a critical role in maintaining
body homeostasis [9, 10]. Fas expression is
expressed in various body cells and malignant
tumors, while its ligand Fasl is expressed in
mature T cells and NK cells surface [11]. When
both Fas and Fasl are highly expressed in the
surface of malignant tumors, binding between
those factors can resist against incoming dea-
th signal, thus escaping from immune surveil-
lance and achieving tumor proliferation and
progression [12, 13].

In this study, NSCLC patients were recruited to
collect fasted blood samples, in which serum
Fas and Fasl levels were quantified by ELISA.
Experimental group had decreased Fas level
and elevated Fasl level. Further IHC staining
showed decreased Fas and increased Fasl
expression in NSCLC tumor tissues compared
to adjacent tissues or control group. These
results indicated that NSCLC patients present-
ed Fas down-regulation and Fasl up-regulation.

Previous studies have shown abundant lym-
phocytes in the infiltration of various tumor tis-
sues. These lymphocytes mainly induce cellu-
lar immunity to achieve effective immune sur-
veillance and cytotoxicity [14]. Mouse anti-hu-
man CD45R0 monoclonal antibody can recog-
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Figure 1. Fas and Fasl expression in patient tissues (x400). A. Fas expression in tumor adjacent tissues (+); B. Fas
expression in tumor tissues (+++); C. Fasl expression in adjacent tissues (+++); D. Fasl in tumor tissues (+).

Table 3. Fas and Fasl expression in NSCLC patients with

different TIL infiltration grades

totic rate in tumor tissues compared
with adjacent tissues or control group.

Fas expression

Fasl expression

Previous study showed the existence

of susceptible window of activated TIL

TIL grade N Positive Positive ! i

R (%) ottt (%) for Fas-induced apoptosis [16]. Fas
Low 24 15 8 1 375 4 9 83.3 expression mgst be down-regulated
High 6 2 5 9 875° 7 9 56.3" for tumor cells in order to escape from

Note: *, P < 0.05 compared to the low TIL group.
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Figure 2. Apoptotic rate of tissues.

nize lymphocytes infiltrated around malignant
tumors, mainly via reaction with CD45R0 de-
terminants [15]. This study thus tested Fas
and Fasl expression level in NSCLS patients
with different TIL grade, and found 87.5% Fas-
positive rate in NSCLC patients with high-TIL,
which was higher than low-TIL group. While the
Fasl-positive rate was 56.3% in high-TIL group
and was lower than the low-TIL group. These
studies collectively show that higher TIL grade
in NSCLC patients is correlated with elevated
Fas and decreased Fasl expression.

To further illustrate the relationship between
Fas/Fasl expression in NSCLC tissues and cell
apoptosis, apoptosis of all cells was further
tested and found to have a decreased apop-
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TIL-induced apoptosis. This down-reg-
ulation, on the other hand, leads to
highly expressed Fasl to produce
attacking roles for direct effects on TIL. At this
time, TIL is more susceptible for apoptosis,
making tumor cells escape from body immune
surveillance, enhance their proliferation and
accelerate growth velocity [16]. Among various
studies regarding Fas and cell apoptosis, resis-
tance of lung cancer cells against Fas-induced
apoptosis is observed. This effect may be relat-
ed to multiple factors, among which the most
important one is p53 mutation. Wild-type p53
can enhance Fas expression. In contrast, the
mutant form of p53 inhibited Fas expression
[17-19]. Due to high frequency of p53 gene
mutation in pulmonary carcinoma, it is thus
common to observe inhibition of Fas/Fasl-in-
duced cell apoptosis pathway in lung cancer
tissues.

To further analyze the correlation between Fas/
Fasl expression in NSCLC and clinical patholo-
gy features, lower Fas and higher Fasl expres-
sion in NSCLC cases with advanced TNM stage
was observed. This led to lower differentiation
grade or even lymph node metastasis. Previous
studies have shown higher distal metastasis
probability in Fasl-positive tumor cells [20]. Dai
et al. found lower Fas level in breast cancer tis-
sues [21]. Another clinical study for NSCLC also
found lower Fas plus higher Fasl expression in
patients with lymph node metastasis [22], simi-
lar to this study.
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Figure 3. TUNEL staining images. A. Tumor tissues; B. Tumor adjacent tissues; C. Control group.

Table 4. Correlation between Fas/Fasl| expres-
sion and apoptotic rate

Parameter N Fas Fasl
Control group 20 19 3
Tumor tissue 40 15 30
Adjacent tissue 40 35 10
P P<0.05 P<0.05
Tumor subtype
Squamous 25 10(40) 19(76)
Adenoma 15 5(33.3) 11(73.3)
P P>0.05 P>0.05
TNM stage

| 15 7 (46.7) 10 (66.7)
I 10 4(40)  7(70)
I 10 3(30) 8(80)

| 5 1(20) 5 (100)

P P<0.05 P<0.05
Differentiation grade

High 7 5(714) 5(71.4)

Moderate 11 6(54.5) 7(63.6)

Low 23 4(174) 18(78.3)

P P<0.05 P<0.05
Lymph node metastasis

Negative 24 11 (45.8) 17 (70.8)

Sum 16 4 (25) 13(81.3)

P P<0.05 P<0.05
Conclusion

In both serum and tissue samples of NSCLS
patients, Fas is down-regulated while Fasl is
up-regulated. For those patients with higher
TIL grade, positive rate is higher for Fas and
lower for Fasl. Moreover, cell apoptotic rate of
tumor tissues is significantly decreased. With
advanced TNM stage, lower differentiation gra-
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de and lymph node metastasis, Fasl positive
rate is lower and Fasl expression is higher. The
lower Fas and higher Fasl expression profile
may achieve unlimited proliferation of tumor
cells, causing unfavorable prognosis. In treat-
ing NSCLC, facilitation of Fas expression plus
suppression of Fasl expression may achieve
certain treatment effects, although detailed
mechanism remains to be elucidated.

Disclosure of conflict of interest

None.

Address correspondence to: Dr. Rui Qi, Depart-
ment of Thoracic Surgery, Inner Mongolia Peoples
Hospital, No. 20, Zhaowuda Road, Hohhot 010017,
Inner Mongolia, China. Tel: +86-0471-3283999;
Fax: +86-0471-3283999; E-mail: b17zr95x9p9vj@
sina.com

References

[1] Brown MA. Genetics of ankylosing spondylitis.
Curr Opin Rheumatol 2010; 22: 126-32.

[2] Punsawad C, Viriyavejakul P, Setthapramote C
and Palipoch S. Enhanced expression of Fas
and FasL modulates apoptosis in the lungs of
severe P. falciparum malaria patients with pul-
monary edema. Int J Clin Exp Pathol 2015; 8:
10002-13.

[3] Wu GZ, Pan CX, Jiang D, Zhang Q, Li Y and
Zheng SY. Clinicopathological significance of
Fas and Fas ligand expressions in esophageal
cancer. Am J Cancer Res 2015; 5: 2865-71.

[4]  Yao YW, Zhang GH, Zhang YY, Li WD, Wang CH,
Yin CY and Zhang FM. Lipopolysaccharide pre-
treatment protects against ischemia/reperfu-
sion injury via increase of HSP70 and inhibi-
tion of NF-kappaB. Cell Stress Chaperones
2011; 16: 287-96.

Int J Clin Exp Med 2020;13(6):4251-4256


mailto:b17zr95x9p9vj@sina.com
mailto:b17zr95x9p9vj@sina.com

(5]

(6]

[7]

(8]

(9]

(10]

(11]

(12]

[13]

(14]

Apoptosis in lung cancer

Baban B, Liu JY and Mozaffari MS. Pressure
overload regulates expression of cytokines,
gammaH2AX, and growth arrest- and DNA-
damage inducible protein 153 via glycogen
synthase kinase-3beta in ischemic-reperfused
hearts. Hypertension 2013; 61: 95-104.
Calmon-Hamaty F, Audo R, Combe B, Morel J
and Hahne M. Targeting the Fas/FasL system
in rheumatoid arthritis therapy: promising or
risky? Cytokine 2015; 75: 228-33.

Tsalkidou EG, Tsaroucha AK, Chatzaki E, Lam-
bropoulou M and Papachristou F. The effects
of apigenin on the expression of Fas/FasL
apoptotic pathway in warm liver ischemia-re-
perfusion injury in rats. Biomed Res Int 2014;
2014: 157216.

Asensio C, Zapata A, Garcia-Ahijado J, Gil B,
Salvadores P and Schneider J. Fas expression
is associated with a better prognosis in laryn-
geal squamous cell carcinoma. Anticancer Res
2007; 27: 4083-6.

Han W, Zhou Y, Zhong R, Wu C, Song R, Liu L,
Zou L, Qiao Y, Zhai K, Chang J, Huang L, Liu L,
Lu X, Lou J, Yu D, Tan W, Zhang J, Wang H and
Miao X. Functional polymorphisms in FAS/
FASL system increase the risk of neuroblasto-
ma in Chinese population. PLoS One 2013; 8:
e71656.

Wu X, Xu T, Li D, Zhu S, Chen Q, Hu W, Pan D,
Zhu H and Sun H. ERK/PPl1a/PLB/SERCA2a
and JNK pathways are involved in luteolin-me-
diated protection of rat hearts and cardiomyo-
cytes following ischemia/reperfusion. PL0OS
One 2013; 8: €82957.

Abebe M, Doherty TM, Wassie L, Aseffa A, Bo-
bosha K, Demissie A, Zewdie M, Engers H, An-
dersen P, Kim L, Huggett J, Rook G, Yamuah LK
and Zumla A. Expression of apoptosis-related
genes in an ethiopian cohort study correlates
with tuberculosis clinical status. Eur J Immunol
2010; 40: 291-301.

Li CG, Li ML, Shu XH, Liu YJ and Wu WS. An-
titumor effects of recombinant human inter-
leukin-6 on mouse bladder carcinoma throu-
gh Fas-mediated apoptosis. Cancer Chemoth-
er Pharmacol 2010; 66: 981-6.

Chinda K, Sanit J, Chattipakorn S and Chat-
tipakorn N. Dipeptidyl peptidase-4 inhibitor re-
duces infarct size and preserves cardiac
function via mitochondrial protection in isch-
aemia-reperfusion rat heart. Diab Vasc Dis Res
2014; 11: 75-83.

Pretscher D, Distel LV, Grabenbauer GG, Wit-
tlinger M, Buettner M and Niedobitek G. Distri-
bution of immune cells in head and neck can-
cer: CD8+ T-cells and CD20+ B-cells in metas-
tatic lymph nodes are associated with favour-
able outcome in patients with oro- and hypo-
pharyngeal carcinoma. BMC Cancer 2009; 9:
292.

4256

(15]

[17]

(19]

[20]

[21]

[22]

Zhang B, Sun T, Xue L, Han X, Zhang B, Lu
N, Shi Y, Tan W, Zhou Y, Zhao D, Zhang X,
Guo Y and Lin D. Functional polymorphisms in
FAS and FASL contribute to increased apopto-
sis of tumor infiltration lymphocytes and risk
of breast cancer. Carcinogenesis 2007; 28:
1067-73.

Fluhr H, Krenzer S, Stein GM, Stork B, Deper-
schmidt M, Wallwiener D, Wesselborg S, Zyg-
munt M and Licht P. Interferon-gamma and tu-
mor necrosis factor-alpha sensitize primarily
resistant human endometrial stromal cells to
Fas-mediated apoptosis. J Cell Sci 2007; 120:
4126-33.

Miller MR, Mandell JB, Beatty KM, Harvey SA,
Rizzo MJ, Previte DM, Thorne SH and McKenna
KC. Splenectomy promotes indirect elimina-
tion of intraocular tumors by CD8+ T cells that
is associated with IFNgamma- and Fas/Fasl-
dependent activation of intratumoral macro-
phages. Cancer Immunol Res 2014; 2: 1175-
85.

Shimmyo T, Okada A, Hashimoto T, Kobayashi
Y, Miyagi Y, Ishikawa Y, Nakagawa K, Osada H
and Tsuchiya E. Etiologic value of p53 muta-
tion spectra and differences with histology in
lung cancers. Cancer Sci 2008; 99: 287-95.
Viard-Leveugle |, Veyrenc S, French LE, Bram-
billa C and Brambilla E. Frequent loss of Fas
expression and function in human lung tu-
mours with overexpression of FasL in small cell
lung carcinoma. J Pathol 2003; 201: 268-77.
Zhang J and Xu G. Suppression of FasL expres-
sion in tumor cells and preventing tumor ne-
crosis factor-induced apoptosis by adenovirus
14.7K is an effective escape mechanism for
immune cells. Cancer Genet Cytogenet 2007;
179: 112-7.

Dai XL, Zhou SL, Qiu J, Liu YF and Hua H. Cor-
related expression of Fas, NF-kappaB, and
VEGF-C in infiltrating ductal carcinoma of the
breast. Eur J Gynaecol Oncol 2012; 33: 633-9.
Hung JY, Yang CJ, Tsai YM, Huang HW and
Huang MS. Antiproliferative activity of paeoni-
florin is through cell cycle arrest and the Fas/
Fas ligand-mediated apoptotic pathway in hu-
man non-small cell lung cancer A549 cells.
Clin Exp Pharmacol Physiol 2008; 35: 141-7.

Int J Clin Exp Med 2020;13(6):4251-4256



