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Abstract: Background: The mixed lineage kinase domain-like protein (MLKL) has recently been identified as a key
RIP3 (receptor interacting protein 3) downstream component of tumor necrosis factor (TNF)-induced necroptosis.
Objective: To evaluate the expression and clinical significance of MLKL in cervical squamous cell carcinoma.Meth-
ods: The expression of MLKL in 54 cervical squamous carcinoma samples was detected by immuneohistochemical
method. Chi-square, correlation analysis and kaplan-Meier method were used to analyze the data. Results: The
MLKL expression in cervical squamous cell carcinoma was higher than that in normal cervical tissues (P = 0.004).
The MLKL expression was negatively correlated with histological grade, lymphatic metastasis (P<0.05). Survival
analysis showed the low expression of MLKL indicated poor prognosis. Conclusion: MLKL was a prognostic bio-

marker for cervical squamous cell carcinoma.
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Introduction

The mixed lineage kinase domain-like protein
(MLKL) has been recently identified as a key
RIP3 downstream component of TNF-induced
necrosis [1, 2]. Although the mechanism how
MLKL mediates the necrosis induced by TNF is
still not very clear, some researchers have sug-
gested MLKL can serve as a potential prognos-
tic biomarker for patients with early-stage
resected pancreatic cancer and ovarian cancer
[3, 4]. So we want to detect whether the expres-
sion of MLKL has relation with the development
of cervical squamous cell cancer and the prog-
nosis of the patients.

Materials and methods

Materials

This study was approved by the Research Ethics
Committee of West China Second Hospital,
Sichuan University, People’s Republic of China.
Informed consent was obtained from all of the
patients. The cervical cancer tissue samples
were collected from 54 patients diagnosed
with cervical squamous cell carcinoma after
operation at West China Second Hospital from

January 2006 to December 2007 (Table 1).
Surgical staging was established according
to the International Federation of Gynecology
and Obstetrics (FIGO) system. Histopathologi-
cal classification, including the stage, grade,
and tumor type, was performed by an experi-
enced pathologist. Overall survival (OS) was cal-
culated from the date of histological diagnosis
to the date of cancer-caused death or to the
date of the last follow-up examination.

Immunohistochemistry

Formalin-fixed paraffin-embedded slides were
used to identify representative sections of tu-
mor and normal tissues. The tissue section was
stained using anti-MLKL (phosphor S358) anti-
body (EPR9514, Abcam) at a concentration of
1:150. Antigen was retrieved by EDTA (PH9.0)
microwave antigen retrieval. PBS was used to
instead of primary antibody in the negative
control.

Judgment of immunohistochemical results

Histological images were captured under the
microscope (Carl Zeiss AX10; Carl Zeiss Meditec
AG, Jena, Germany) with an objective magnifi-
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Table 1. The clinical information of 54 patients

Statistical method

Clinical feature

Histological grade

Invasion depth

Data was analyzed by SP-
SS16.0. The relationships be-

Low 42 <1/2 30 tween the expression of MLKL
Moderate 10 >1/2 24 and clinical pathological fea-
High 2 tures were detected by chi-
FIGO stage Vaginal invasion square and cprrelatlon anal){-
| a1 Yes 19 ses. Prognosis wgs determi-
ned by Kaplan-Meier method.
Il 13 No 42
Lymphatic metastasis Parametrial invasion Results
Yes 9 Yes 3 .
No 45 No 51 MLKL expressed in the cyto-
) ] plasm (Figure 1A). The exp-
Vascular invasion Age ression of MLKL in cervical
Yes 30 <50 years 40 squamous cell carcinoma was
No 24 >50 years 14 obviously higher than that in
normal cervical tissues (P =
0.004) (Figure 1C, 1D). The
A MLKL expresses in cell plasm B High expression of MLKL in cervical cancer

C Low expression of MLKL in cervical cancer D Low expression of MLKL in normal cervix

Figure 1. Expression of MLKL in cervical squamous cell cancer and inflam-
matory cervix.

cation of X40. The proportion of positive tumor
cells was scored as: O = less than 10%; 1+ =
10%-30%; 2+ = 31%-50%; 3+ = 51-80%; and
4+ >80%. The intensity was arbitrarily scored
as 0 = weak (no color or light blue), 1 = moder-
ate (light yellow), 2 = strong (yellow brown), and
3 = very strong (brown). The overall score was
calculated by multiplying the two scores ob-
tained from each sample. A score of >4 was
defined as high MLKL expression and a score
of <4 was defined low MLKL expression.
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expression in cervical squa-
mous cell carcinoma had cor-
relation with histological gra-
de, lymphatic metastasis (P<
0.05) (Table 2). The MLKL
expression in poorly differenti-
ated cervical squamous cell
carcinoma was lower than that
in moderately- and well-differ-
entiated cervical squamous
cell carcinoma. Samples with
lymphatic metastasis had lo-
wer MLKL expression than
that without lymphatic metas-
tasis (Table 3). Survival analy-
sis showed the low MLKL ex-
pression levels were associat-
ed with the poor prognosis of
patients with cervical squa-
mous cell carcinoma (P =
0.036) (Figure 2).

Discussion

Necrosis is a type of cell death and is morpho-
logically characterized by a gain in cell volume,
swelling of organelles, plasma membrane rup-
ture, and subsequent loss of intracellular con-
tents [5]. Necroptosis is a caspase-indepen-
dent form of cell death that contributes to the
pathogenesis of several human diseases,
including ischemia-reperfusion injury, sepsis,
and viral infection [6-8]. Necroptosis plays an
important role in health and disease [9]. MLKL
is initially identified as a key mediator in TNF-
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Table 2. Chi-square test of MLKL expression
Chi-square test

Positive Negative P
Normal cervix 1 15 0.004

Squamous cancer 25 29
Histological grade
low 15 27 0.008
Moderate 9 1
High 1 1
FIGO stage 0.172
| 17 24
Il 8 5
Lymphatic metastasis 0.022
Yes 1 8
No 24 21
Invasion depth 0.156
>1/2 11 19
<1/2 14 10
Vaginal invasion 0.101
Yes 8 4
No 17 25
Parametrial invasion 0.443
Yes 2 1
No 23 28
Vascular invasion 0.415
Yes 13 17
No 12 12
Age 0.494
>50 years 7 7
<50 years 18 22

Table 3. Correlation analysis of MLKL expres-
sion

Correlation analysis

Correlation index P
Histological grade -0.382 0.002
Lymphatic metastasis -0.216 0.048

induced necroptosis. Tumor necrosis factor
(TNF) plays a critical role in diverse cellular
events including apoptosis and necroptosis
[10, 11]. The mechanism of TNF-induced apop-
tosis is well elucidated. The signaling events
that lead to TNF-initiated necroptosis are still
largely unknown. Programmed necrotic cell
death induced by the tumor necrosis factor
alpha (TNF-a) family of cytokines is dependent
on a kinase cascade consisting of receptor-
interacting kinases RIP1 and RIP3. The mixed
lineage kinase domain-like protein MLKL is a
functional RIP3 substrate that binds to RIP3
through its kinase-like domain but lacks kinase
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Figure 2. Survival curve of high expression of MLKL
and low expression of MLKL.

activity of its own. Wang et al reported RIP3
phosphorylated MLKL at the T357 and S358
sites. The phosphorylated-MLKL formed an
oligomer that binds to phosphatidylinositol lip-
ids and cardiolipin, which allowed MLKL to
move from the cytosol to the plasma and intra-
cellular membrane. Then MLKL directly disrupt-
ed membrane integrity, resulting in necrotic
death [12]. Cai et al also reported that MLKL
formed a homotrimer through its amino-termi-
nal coiled-coil domain and located to the cell
plasma membrane during TNF-induced necrop-
tosis [13]. The plasma membrane localization
of trimerized MLKL was critical for mediating
necroptosis and the membrane localization of
MLKL was essential for Ca2+ influx, which was
an early event of TNF-induced necroptosis [13].

It has been reported that MLKL expression can
serve as a potential prognostic biomarker for
patients with early-stage resected pancreatic
cancer [4]. Ling He et al reported that low
expression of mixed lineage kinase domain-li-
ke protein is associated with poor prognosis in
ovarian cancer patients [3]. Our research found
the expression of MLKL had relation with histo-
logical grade, lymphatic metastasis of cervical
squamous cell cancer. Interestingly, low expres-
sion of MLKL was also associated with poor
prognosis in cervical squamous cell cancer
patients. Low expression MLKL may lead to
decreased necrosis, which may be the reason
of poor prognosis. The MLKL expression in cer-
vical squamous cell cancer of high malignancy
is lower than that of low malignancy, which indi-
cates cervical squamous cell cancer of high
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malignancy may have lower necrosis rate and
be more likely to metastasis. The MLKL expres-
sion in patients with lymphatic metastasis is
lower than that in patients without lymphatic
metastasis, which also support the viewpoint
that MLKL mediates the necrosis and inhibits
the development of cervical squamous cell
cancer.

In conclusion, our study suggested that MLKL
might serve as a potential therapeutic target in
cervical squamous cell cancer patients. MLKL
may be used to estimate the prognosis of cervi-
calsquamouscellcancer patients. Furthermore,
it may be used as a target of chemotherapy or
radiotherapy effect, which needs further study.
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