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SERUM LEVELS OF sFAS AND sFasL DURING CHEMOTHERAPY
OF LUNG CANCER

W. Naumnik*, T. IZycki, M. Ossoliriska, E. Chyczewska
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The aim of this study was to assess the clinical usefulness of determination of soluble Fas (sFas) and soluble Fas Ligand (sFasL) during
chemotherapy of lung cancer. Methods: The study included 80 patients (69 males; 11 females; mean age 64 years; 48 with non-small
cell lung cancer-NSCLC, 32 with small cell lung cancer-SCLC). The control group consisted of 15 healthy volunteers. The peripheral
blood samples were taken before and after 4 cycles of chemotherapy. sFas and sFasL levels were assessed by Elisa method. Results: The
serum sFas and sFasL levels observed at the end of the chemotherapy were higher in all patients with lung cancer compared to healthy
volunteers. The levels of sFas and sFasL were higher after chemotherapy than before therapy. The levels of sFasL were significantly
higher in SCLC patients than in NSCLC ones. There were no significant differences in serum sFasL levels in relation to clinical stage
of lung cancer. After chemotherapy the levels of sFas were higher in patients with metastases. There were no significant differences in
serum sFasL levels in relation to response to therapy. At the end of the therapy the serum levels of sFas were higher in Partial Response
group than in Progressed patients. Before chemotherapy the levels of sFas were higher in Progressive Disease group than in No Change
one. The levels of sFas observed after chemotherapy were higher in Partial Response group than in No Change one. Conclusion: De-
termination of serum sFas and sFasL levels can be useful in clinical practice, but their practical significance needs further studies.
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The Fas/FasL system is a major regulator of apop-
tosis [9]. Fas is a cell surface protein with a single
transmembrane domain, belonging to the nerve growth
factor receptor/TNF receptor family [15, 22]. FasL is
atype Il membrane protein that belongs to the TNF
family [15, 22]. FasL is expressed in activated T cells
and lung cancer cells [15, 19, 22]. Fas is expressed on
the surface of cell membranes in a variety of normal
tissue cells and malignant cells including lung cancer
cells [19].

Fas-mediated apoptosis leads to the elimination of
activated T-cells following an immune response. i. €.,
killing atumor [1]. Deregulation of Fas-mediated apop-
tosisis thoughtto playarole in the cancer progression,
lymph node involvement and metastasis [19].

It has been suggested that Fas/FasL systems
induce apoptosis of activated immune cells and that
the soluble isoforms of these proteins (sFas, sFasL)
also inhibit their functions [3]. Elevated serum levels
of sFas and sFasL have been observed in patients with
many kinds of cancer [6, 7, 21]. The sFas function has
not yet been fully elucidated, but there are several
findings suggesting the role of sFas in cancer progres-
sion [21]. sFas has been reported to play an important
role in the regulation of apoptosis as an inhibitor of
Fas-mediated apoptosis [21]. It has been revealed that
the Fas/FasL system is an important mechanism for
tumor escape from the immune system: expression of
FasL on tumor cell surfaces and emission of a soluble
form of FasL [15, 22]. Soluble Fas and FasL levels are
increased in peripheral blood of lung cancer patients
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[19]. However, the clinical significance of circulating
sFas and sFasL has not been clarified, yet.

MATERIALS AND METHODS

Patients. The study included 80 patients with car-
cinoma of the lung. They consisted of 69 males and
11 females (mean age of 64 years; ranged 29-78).
The tumors were histologically classified as adeno-
carcinoma in 8 cases, squamous cell carcinoma in
40 cases and small cell carcinoma in 32 cases. None
of the patients suffered from infectious, allergic, auto-
immune, or other systemic diseases such as diabetes
mellitus. The patients had not been previously treated
with chemotherapy. The control group for serum sFas
and sFasL concentrations comprised 15 healthy vo-
lunteers (12 males) with mean age of 61 years. There
were no significant differences in age and sex between
patients and controls. All patients had a history of
smoking. Informed written consent was obtained from
all healthy volunteers and all patients.

Methods. Before treatment, patients underwent
standard staging procedures consisting of physical
examination, serum chemistry examination, bron-
choscopy, chest CT scan and ultrasonography of the
abdomen. Further imaging techniques were used
when required clinically. The clinical stage of non
small cell lung cancer (NSCLC) was assigned accord-
ing to the International Union Against Cancer (TNM
classification). The classifications of small cell lung
cancer (SCLC) were made according to the Veterans
Administration Lung Cancer Study Group (LD-limited
disease; ED-extensive disease). After staging, the
patients were placed on cisplatin or platin-derived che-
motherapy, which was accompanied by radiotherapy
in the locally advanced forms. Standard criteria for
an objective response to therapy were used (WHO
guidelines). To exclude the possible interference
of chemotherapy, subsequent blood samples were
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obtained at least 28 days after the last administra-
tion of cytotoxic drugs. To determine sFas and sFasL
serum concentrations, venous blood samples were
collected from each patient before and after IV cycles
of chemotherapy (some of the patients underwent
later radiotherapy). Serum samples were obtained
by centrifugation and stored at —80 °C until assayed.
Serum sFas and sFasL concentrations were measured
by a single laboratory with an enzyme immunoassay
(Human sFas Immunoasay — R & D systems; human
sFas Ligand ELISA — Bender MedSystems) according
to the manufacturer’s instructions.

Statistical analysis. Data were presented as
mean = 1 SD or median (range), depending on their
normal or skewed distribution provided by Shapiro-
Wilk’s W-test. Data for sFas and sFasL concentra-
tions in the serum samples from healthy subjects
and from patients with lung cancer were analyzed
using Student’s t-test for independent samples. Dif-
ferences among groups of patients before and after
chemotherapy were determined using Student’s t-test
for dependent samples. In the case of skewed distri-
bution, the data were analyzed using Wilcoxon’s-test
and Mann-Whitney’s U-test for unpaired data. The
correlation between the parameters was calculated
by the Spearman’s and Pearson’s rank tests.

All p values were two-tailed, and the values less
than 0.05 were considered statistically significant.
Computations were performed using Statistica 6.0 for
Windows (StatSoft Inc., Tulsa, OK., USA).

RESULTS

Serum sFas and sFasL levels in healthy volun-
teers and patients with lung cancer. As shown in
Table 1, the serum sFas and sFasL levels observed at
the end of the chemotherapy, were significantly higher
in 80 patients with lung cancer, compared to 15 healthy
volunteers (p = 0.017; p = 0.037). The levels of sFas
and sFasL were higher after chemotherapy than before
chemotherapy (p = 0.00001; p = 0.023).

The levels of sFasL were higher in SCLC patients
than in NSCLC ones. There were no significant diffe-
rences in serum sFas with regard to a histologic type
(Table 1).

There were no significant differences in serum
sFasL levels in relation to clinical stage of NSCLC and
SCLC (Table 1).

Serum sFas and sFasL levels in relation to re-
sponse to therapy. There were no significant differ-
ences in serum sFasL levels in relation to response to

therapy (Table 2). At the end of the therapy the serum
levels of sFas were higher in Partial Response group
than in Progressed patients (p = 0.032) (Fig. 1). Before
chemotherapy the levels of sFas were higher in Progres-
sive Disease group than in No Change group (p=0.02)
(Table 2). In NSCLC group, the levels of sFas observed
after chemotherapy were higher in Partial Response
group than in No Change group (p = 0.03) (Table 2).
After chemotherapy the levels of sFas were higher in

patients with metastases (p = 0.02) (Fig. 2).
Table 1. Serum sFas and sFasL levels in lung cancer patients and controls

Disease  Before chemotherapy After chemotherapy Controls
stage (p-value vs controls) (p-value vs controls) (n=19)
Lung carcino-
ma patients
(n=280)
sFas 991.8 + 299* 1229.9 + 404** 2273+92
p=0.017
sFasL 357.2 (166-801)*  402.3 (144-3490)* 326.7 (151-870)
p=0.037
NSCLC
(n=48)
sFas 1007.5 + 296 1253.0 + 389
sFasL 349.6 (166-650)'  364.8 (144-418)°
lIB (n=25)
sFas 966.2 + 288 1182.7 + 358
sFasL 364.8 (197-389)  372.5 (144-418)
IV (n=23)
sFas 1075.7 £ 315 1351.8 + 412
sFasL 349.6 (166—650)  354.9 (166—403)
SCLC (n=32)
sFas 968,0 + 306 1194.9 + 431
sFasL 367.4 (263-801)>  382.3 (166—3490)
LD (n=15)
sFas 910.9 + 305 1245.6 + 442
sFasL 363.7 (278-801)  382.3 (255-3490)
ED (n=17)
sFas 1040.5 = 307 1170.5 £ 428
sFasL 367.4 (263-404)  374.9 (166—441)

Notes: sFas — soluble Fas (pg/ml); sFasL — soluble Fas Ligand (pg/ml);
*vs ** p=10.00001; *vs *# p=0.023; "vs p = 0.03; *vs * p = 0.01.
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Fig. 1. The serum levels of sFas after chemotherapy of lung
cancer in respect to response to therapy

Table 2. Values of sFas and sFasL before and after chemotherapy of lung cancer patients

NC (n=17) PD (n = 16)

after chemotherapy before chemotherapy after chemotherapy

1115.8 + 420** 1120.5 + 275* 1140.3 + 251*
364.8 (144-418) 338.2 (197-382) 368.6 (237-395)

NC (n=3) PD (n = 12)

after chemotherapy before chemotherapy after chemotherapy

PR (n = 15)
before chemotherapy _after chemotherapy before chemotherapy
NSCLC (n =48)
sFas 1000.3 £ 272 1519.0 + 376* 901.2 + 314**
sFasL 349.6 (248-389) 364.8 (285-397) 357.2 (166-650)
PR (n=17)
before chemotherapy after chemotherapy before chemotherapy
SCLC (n=32)
sFas 1032.6 + 272 1204.4 + 441
sFasL 374.9 (263-801) 382.3 (166-958)

853.0; 1378.9; 1313.3 1977.4; 1189.7; 1280.2 809.8 + 312
392.2; 382.3; 382.4  389.8; 367.4; 352.5

1110.6 + 397

348.8 (292-397) 382.3 (203-3490)

Notes: sFas — soluble Fas (pg/ml); sFasL — soluble Fas Ligand (pg/ml); PR — partial response; NC — no change; PD — progressive disease vs ** p =0.03;

*ys#p=0.008; **vs * p=0.02.
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Fig. 2. The serum levels of sFas after chemotherapy of lung
cancer in Mo and M1 patients

DISCUSSION

Many studies have revealed that the Fas/FasL sys-
temis animportant mechanism for tumor escape from
the immune system: expression of FasL on tumor cell
surfaces and release of a soluble form of FasL [15, 22].
The high serum sFas concentration was proved in pa-
tients with cancers: hepatocellular carcinoma [6], renal
cell carcinoma [7] and breast cancer [21], which is in
accordance with the results of our study. We proved
that sFas concentration observed after chemotherapy
was higher in the serum of patients with lung cancer
than in healthy individuals. Higher concentrations
were also observed in lung cancer patients before
chemotherapy in comparison with healthy individuals,
though the differences were not statistically significant.
Similarly, Yoshimura et al. [23] and Shimizu et al. [19]
showed higher serum sFas concentrations in patients
with lung cancer compared to healthy individuals.

The origin of sFas in the serum remains unclear,
though there are three possible theories. sFas may be
derived from the tumor itself [18], or from peripheral
blood lymphocytes [8]. The third theory indicates that
the surrounding stromal tissue may produce sFas in
response to the tumor orimmune activation [12]. sFas
is formed due to cleavage of the external part of extra-
cellular Fas and acts as a FasL inhibitor to bind Fas and
prevent Fas- mediated apoptosis. Nonomura etal. [16]
claimed that immune cells, essentially lymphocytes,
NK and T cells were the most important sources of
sFas in response to a developing tumor. However, the
results of our study suggest that cancerous cells are
the main source of sFas in the serum of patients with
lung cancer.

The enhanced serum concentration if an apoptosis
inhibitor (sFas) in patients with lung cancer reflects an
intense inhibition of cancerous cells apoptosis, which
promotes the development of the tumor. Micheau
et. al. [11] proved that cytostatics caused the increase
in serum sFas, whereas Shimizu et al. [19] showed
that sFas increased in the serum together with clinical
staging of cancer. Our study confirmed this finding —
sFas concentration was higher after chemotherapy
than before treatment, where as patients with distant
NSCLC metastases had higher sFas concentration
than patients without metastases.

900

We found that patients with NSCLC that showed
partial remission (PR) after chemotherapy, had higher
sFas concentration than patients with No Change (NC)
or Partial Response (PR). Cytostatics destroying can-
cerous cells may release sFas from these cells.

The results of our study are in agreement with
Kondera-Anasz’s et al. study [9] based on the group
of women with cervical cancer, and with Midis’s et al.
[12] findings based on nonhematopoietic human ma-
lignancy. The high serum sFas concentration found
in patients with metastases, may cause resistance
to treatment by inhibiting Fas-mediated apoptosis in
cancer cells [21]. Various observations of different
cancers may indicate that the mechanism of sFas
induction might differ depending on tumor type.

We did not prove that determination of sFas
concentration might be useful in diagnostics of lung
cancer Shimizu et al. [19] indicated such a possibility,
however, it requires further studies performed in more
numerous groups of patients.

In addition to Fas, FasL also exists in a soluble form
released from cell surfaces after cleavage by metal-
loproteinases [20]. FasL is expressed in activated T
cells and lung cancer cells [2]. An increase in serum
sFasL concentration was proved in patients with vari-
ous cancers [4, 17]. It has been proposed that cancer
cells expressing FasL have an advantage to evade
human immune surveillance by inducing apoptosis
in infiltrating lymphocytes expressing Fas [1]. sFasL,
cleft by metalloproteinases, protects FasL of tumor
cells against their recognition by Fas of T lymphocytes
(imitation of tumor cells). Shimuzu et al. [19] sug-
gested that soluble FasL played an important role in
tumor genesis and anticancer cytotoxic activity, similar
to soluble Fas.

The behavior of serum sFasL in cancer patients is
controversial. Enjoji et al. [3] showed that the levels
of sFasL were not detectable in biliary carcinoma pa-
tients. In Murakami’s et al. [ 14] study, the serum levels
of sFasL were significantly lower in bile duct carcinoma
patients than in healthy individuals. Conversely, Ichi-
kura et al. [5] showed that the levels of sFasL were
higher in gastric carcinoma patients than in healthy
volunteers. Our results are in agreement with obser-
vations made by Ichikura et al. [5]. We showed that
the levels of sFasL in lung cancer patients (observed
after chemotherapy) were higher than in controls. The
same observations were made by Mouawad et al. [13]
in melanoma patients. In this study, the levels of sFas
and sFasL in patients were higher in patients than in
healthy donors. We did not observed significant diffe-
rences in serum sFasL level in relation to clinical stage
of the tumor. The same observations were made by
Melzani et al. [10] in patients with melanoma.

When SCLC is diagnosed, cancer cells are already
present in the whole organism, transported via blood
vessels (independently of classification by imagining
tests as ED or LD). Thus, it is justified that we found
the higher sFasL concentration in patients with SCLC
than NSCLC.
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Summing up, sFas and sFasL play a significant role
in patients with lung cancer. Determination of serum
sFas and sFasL concentrations may be helpful to as-
sess clinical staging and effects of chemotherapy.
However, it requires further studies.
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YPOBEHDb sFAS U sFasL B CbIBOPOTKE KPOBU BOJIbHbIX
PAKOM JIEFKOIro HA ®OHE XUMUOTEPANMUA

I]eav paGoThI — OLEHATH KJIMHMIECKYIO LEJIECO00PA3HOCTD ompeeieHns yposas pacteopumoro Fas (sFas) u pacrsopumoro
Jmranaa Fas (sFasL) B cbIBOpOTKe KPOBH OOJIBHBIX PAKOM JIETKOrO NMpu Xumuorepamun. Memoodsi: oociienoaiu 80 nanueHTos
(69 myxuun u 11 ;keHmmH; cpeaHuii Bo3pact — 64 roaa; u3 Hux y 48 1MarHocTMpoBaH HeMeJIKOK/IeTouHbIi pak erkoro (HMKPJI),
y 32 — meakokietounslii pak Jierkoro (MKPJI)). Konrpoabnas rpymma coctosiia u3 15 310poBsix monopos. O6pa3upl nepude-
puYecKoii KpoBu Opasm 10 1 nocie 4 KypcoB xumuorepanmun. Conepxanne sFas u sFasL anammsuposamm nMmyHodepMeHTHEIM
MetonoM. Pesyasmameot: yposuu sFas u sFasL B cbIBOpOTKe KpOBH BCeX 0OJIBHBIX PAKOM JIETKOTO 10 OKOHYAHAN XHMHOTEPANAN
BbIIIe, YeM TAKOBbIE B KOHTPOJIHO TPyIIie M YeM TAKOBbIE 0 Tepamnu. YpoBeHb sFasL Obu1 3HaunTE/IBHO BbIIIE Y 0OJbHBIX
MKPJI, yem TakoBoii y manmentos ¢ HMKPJI. 3naunTensHbix pa3amunii B yposHe sFasL B cbIBOPOTKe KPOBH B 3aBUCAMOCTH OT
KJIMHIYECKO# CTaiu 3a00J1eBaHus He BbIsiBIeHO. I10 OKOHuaHNN XHMHOTepanun ypoBeHb SFas Bolilie y nanueHToB ¢ METacTa3amu,
a TaKIKe B IpPyIIe ¢ YACTHIHBIM OTBETOM HA TEPANMIO, YeM Y OO0JbHBIX C MPOrpeccupyomum 3adoesanneM. /[0 HaUa a Tepanum
ypoBens sFas ObLT Bbile y 0OJIBHBIX ¢ MPOrPECCHPYIONNM 3200J1€BAHAEM, YeM Y MANMEHTOB CO CTAOMILHBIM COCTOSIHMEM, A TI0
OKOHYAHHY TE€PANUH — Y 0OJIbHBIX C YACTHIHBIM OTBETOM IO CPABHEHMIO C TPYTITION OOJIBHBIX CO CTAOMILHBIM COCTOSIHIEM. Bb1600b!:
onpenesenne yposus sFas n sFasL B cbiBOpOTKe KPOBH MOKET ObITH NPUMEHEHO B KJIMHAYECKO# MPAKTHKE, HO 3HAYMMOCTb TAKHX
noKa3areJieil He00X0IMMO OTPe/IeIUTh B AAIbHEIHIINX HCCIeIOBAHUSX.

Karouesvie croea: pacrBopumbiii Fas, pacrBopumsiii mranz Fas, MeJIKOK/IETOUHBIN PAK JIETKOT0, HEMEJIKOKJICTOYHBII PAK JIETKOTO,
XUMHOTEPATHS.
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