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Elevated expression of mcl-1 inhibits
apoptosis and predicts poor prognosis in
patients with surgically resected non-small
cell lung cancer
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Abstract

Background: Mcl-1, an anti-apoptotic member of bcl-2 family, together with cleaved poly (ADC-ribose) polymerase
(c-PARP) can serve as a marker of cell apoptosis. Previously we reported that treatment of Mnk inhibitor CGP57380
resulted in decreased Mcl-1 expression while increased c-PARP expression in non-small cell lung cancer (NSCLC) cells.
In this study, we aimed to investigate association between Mcl-1 expression and clinicopathological features of NSCLC,
and their correlation between Mcl-1 and both proliferation index (PI) and apoptotic index (AI) in NSCLC patients.

Methods: Tissue microarrays (TMA) including 350 cases of surgically resected NSCLC were utilize and stained with
Mcl-1, Ki-67 and c-PARP antibodies, PI and AI were then evaluated, respectively.

Results: Higher Mcl-1 expression and PI were observed in NSCLC compared with non-cancerous lung tissues
(non-CLT), while AI was significantly lower in lung adenocarcinoma (ADC) compared with non-CLT. Additionally, Mcl-1
expression in lung ADC was evidently higher than that of in lung squamous cell carcinoma (SCC). The elevated Mcl-1
expression was associated with PI, and inversely related to AI in NSCLC. NSCLC patients with elevated Mcl-1 expression
and high PI, or with high Mcl-1 expression and low AI had remarkably shorter overall survival time than these patients
with low Mcl-1 expression.

Conclusions: Elevated expression of Mcl-1 might be inversely proportional to disease progression of NSCLC patients
by promoting cell proliferation and inhibiting apoptosis, and Mcl-1 might serve as novel biomarker of poor prognosis
for NSCLC patients.
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Background
Lung cancer represents one of the most common causes
of cancer-related death worldwide. Non-small cell lung
cancer (NSCLC), which includes squamous cell carcin-
oma (SCC) and adenocarcinoma (ADC), is the major
histological subtypes and accounts for more than 80% of
primary lung tumors [1]. Although the incidence of
NSCLC is increasing due to improvement of early diag-
nosis and treatment modalities, its 5-year survival rate
still remains very poor [2]. Therefore, there is an urgent

need to identify new well-characterized biomarker(s) to
improve clinical out-come of patients with NSCLC.
Myeloid cell leukemia 1 (Mcl-1), an anti-apoptotic

member of the B-cell lymphoma 2 (bcl-2) family of
apoptosis-regulating proteins, exemplifies a number of
the mechanisms by which a protein’s contribution to cell
fate may be modified [3]. Overexpression of Mcl-1 induces
oncogenic transformation, and increased expression of
Mcl-1 protein is found in the majority of human cancer
including NSCLC. It is certified that Mcl-1 can promote
cancer metastasis and resistance to conventional chemo-
therapy, and thus is correlated with poor prognosis [4, 5].
Mcl-1 inhibitor alone, or in combination with other
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inhibitors of key molecules presents a promising novel
strategy to trigger cell death pathways in the treatment of
cancer therapy [4, 6–9].
Members of poly ADP-ribose polymerase (PARP)

enzymes family are ubiquitously expressed and in-
volved in many key cellular processes such as gen-
omic stability, adipocyte differentiation, DNA
replication, DNA repair and cell death [10]. PARP
could be cleaved by caspase-3, and cleaved PARP (c-
PARP) is an early marker of chemotherapy-induced
apoptosis in various cancer cells [11].
As a marker of proliferation in tumors, the Ki-67

proliferation index (PI) is routinely used in diagnosis of
a wide range of cancers by measuring tumor proliferative
activity. In addition, recent studies suggest that the PI
might also have clinical impact in NSCLC [12, 13].
We previously reported that treatment of Mnk inhibitor

CGP57380 with NSCLC cells results in different expres-
sion pattern of Mcl-1 and c-PARP, Mcl-1 expression is
decreased whereas c-PARP is increased, the later plays an
important role in inducing cell apoptosis through
activating intrinsic mitochondrial pathway and represents
cancer cell apoptotic index (AI). Furthermore, in vivo
study indicates CGP57380 inhibits tumor growth as dem-
onstrated by the sharp decline of PI in A549 cell xenograft
mouse model [14]. These data suggested that Mcl-1 ex-
pression might tightly relate to PI and AI in NSCLC.
However, there is no report about the correlations be-
tween the expression of Mcl-1 protein, PI, AI and the clin-
icopathologic/prognostic implication in large collection of
NSCLC samples. In this retrospective study we investi-
gated association between Mcl-1 expression and clinico-
pathological features of NSCLC, and their correlation
between Mcl-1 and both PI and AI in NSCLC patients.

Materials and methods
Clinical data
350 cases of paraffin-embedded NSCLC as well as 53
cases of non-cancerous lung tissues (non-CLT) were ob-
tained from Department of Pathology, the Second Xian-
gya Hospital of Central South University (Changsha,
China). Clinicopathological data, including patient age,
gender, clinical stages, lymph node status, histological
type, pathological grade and so on, were shown in Add-
itional file 1: Table S1. NSCLC patients had undergone
clinical surgery at the Department of Thoracic Surgery
at the Second Xiangya Hospital of Central South Univer-
sity. None of the patients received prior chemotherapy
or radiotherapy before operation. The histological diag-
nosis and staging classification of patients were de-
scribed in detail previously [14, 15]. In this study, we
used the TMA technology designed and constructed
high-throughput NSCLC TMAs according to rules
previously described [15, 16].

Immunohistochemistry and scores
The IHC staining for Mcl-1 protein, proliferation index
(PI) with Ki-67 antibody and apoptotic index (AI) with
c-PARP antibody in NSCLC TMAs was carried out
using ready-to-use Envision TM+ Dual Link System-HRP
methods (Dako, CA, USA). As described previously, the
staining conditions for each antibody were adjusted ac-
cording to our laboratory experience [15, 17, 18]. 1:300 di-
lution of primary antibody to Mcl-1 (Monoclonal Rabbit
antibody, Catalog: #94296, Cell Signaling Technology), a
1:200 dilution of primary antibody to Ki-67 (Monoclonal
Mouse antibody, Clone MIB-1, Dako) and 1:50 dilution of
primary antibody to cleaved-PARP (Asp214) (Rabbit poly-
clonal antibody, #9541, Cell Signaling Technology) were
applied to tissue sections to measure expression of the tar-
get proteins.
Staining were evaluated independently by two experi-

enced pathologists. A semiquantitative evaluation of
Mcl-1 expression was performed using a method de-
scribed previously [15]. Staining intensity for Mcl-1 was
scored as 0 (negative), 1 (weak), 2 (moderate), and 3
(strong). The percentage of positive cells was divided
into five grades (percentage scores): 0 (0%), 1 (1–25%), 2
(26–50%), 3 (51–75%), and 4 (76–100%). Staining posi-
tivity was determined by the formula: overall scores =
percentage score × intensity score. The result of the
staining scores was used as the final staining score for
Mcl-1 (0–12). An optimal cut-off level for Mcl-1 was
chosen on the basis of a measure of heterogeneity using
the log-rank test with respect to overall survival (OS).
The final staining score of 5–7 was considered to be
high expression of Mcl-1 while scores less than 5 were
considered low expression of Mcl-1. As for Ki-67 stain-
ing, it was regarded high PI when the percentage of cells
were more than 15% positive staining, and if not, it was
regarded as low PI. C-PARP expression was estimated
microscopically by counting c-PARP positive cells at ori-
ginal magnification × 400 using the semi-quantitative
method described in the literature with minor modifica-
tion as follows: negative (−, no positive cells), weak (+,
1–5 positive cells), moderate (++, 5–15 positive cells)
and strong (+++, > 15 positive cells) in views obtained
with the area of 10 high power fields [19]. More than 5
positive cells were considered to be high AI while less
than 5 was considered low AI. Agreement between the
two evaluators was 98%, and all scoring discrepancies
were resolved through discussion between the two
evaluators.

Statistical analysis
All statistical analysis was performed by SPSS 23.0. The
chi-square test and the Spearman’s rank correlation co-
efficient were used to evaluate the relationship between
the Mcl-1 expression, PI and AI in NSCLC. Kaplan-
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Meier analysis was performed for overall survival curves
and statistical significance was assessed using the log-
rank test. Overall survival was defined as the time from
the treatment initiation (diagnosis) to the date of death.
Cox proportional hazard regression model was used to
estimate the independent prognostic factor Mcl-1, PI
and AI. Two-sided statistical analysis was used and the
data were considered to be statistically significant when
P < 0.05.

Results
Association between mcl-1 expression, PI and AI and
clinicopathological features of NSCLC
Strong Mcl-1 expression (Fig. 1b and c) was found in
cytoplasm of lung SCC and ADC cells while no Mcl-1
expression was detected in non-CLT (Fig. 1a). PI was
identified in the nucleus of Ki-67 positive lung cancer
cells. High PI (Fig. 1e and f) was found in the lung SCC
and ADC tissues, in contrast, low PI was found in non-
CLT (Fig. 1d). Similarly, AI was found in the nucleus of
c-PARP positive lung cancer cells. As shown in Fig. 2a
and b, lung SCC and ADC cells displayed positive stain-
ing of c-PARP in the nucleus represent the AI was
identified.
Furthermore, Mcl-1 expression and PI were signifi-

cantly higher in lung SCC and ADC compared with
non-CLT (P < 0.001). In contrast, AI was obviously lower
in lung ADC compared with non-CLT (P < 0.001). There

was no statistical difference in AI between lung SCC and
non-CLT (P > 0.05) (Fig. 3).
We further examined correlation between high Mcl-1

expression and the histological type of NSCLC, data were
shown in Table 1. Our analysis indicated that there is a
strong positive correlation between high Mcl-1 expression
and the histological type of NSCLC. Patients with ADC
had significantly higher Mcl-1 expression than patients
with SCC (P = 0.002). However, inverse trend (Table 1)
was observed in case of PI and AI (P < 0.001, P < 0.001, re-
spectively). Of note, higher PI and AI was found in male
than in female (P = 0.007, P = 0.001, respectively). Further-
more, high Mcl-1 expression (P < 0.001) or low AI (P <
0.001) had an evidently inverse correlation with survival
status of NSCLC patients. A conjoint analysis also indi-
cated that patients with high Mcl-1 expression and PI, or
with high Mcl-1 expression and low AI suffered a lower
overall survival rates than that with other phenotypes of
Mcl-1, PI and AI (P = 0.002, P < 0.001, respectively). No
differences were observed between Mcl-1 expression/PI/
AI and other clinicopathological features such as age,
LNM status, clinical stages and pathological differentiation
of NSCLC patients.

The pairwise association between expression of mcl-1,
PI and AI in NSCLC
Data in Additional file 2: Table S2. suggested that ele-
vated Mcl-1 expression was significantly associated with

Fig. 1 Mcl-1 expression and Ki-67 PI in non-cancerous lung tissues (non-CLT), lung SCC cells and lung ADC cells were detected by IHC using
specific antibody as described in the section of materials and methods. Negative staining of Mcl-1 and low PI were showed in non-CLT (a and d,
200×, IHC, DAB staining). Strong positive staining of Mcl-1 was found in cell cytoplasm of lung SCC and lung ADC cells (b and c, 200×, IHC, DAB
staining), and high PI was found in the nucleus of lung SCC and lung ADC cells (e and f, 200×, IHC, DAB staining)
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high PI, while it was evidently negative related to
high AI in NSCLC (r = 0.148, P = 0.006, and r = −
0.184, P = 0.001, respectively), indicating aberrant high
Mcl-1 expression might play an important role in inhibit-
ing apoptosis and promoting cell survival in NSCLC.

Impact of mcl-1 expression, PI and AI on the prognosis of
patients with NSCLC
We then run univariate survival analysis in these lung can-
cer patients. Kaplan-Meier survival curve analysis with log-
rank significance test was performed. Figure 4 illustrated
the Kaplan-Meier survival plots for lung SCC patients and

lung ADC patients with different Mcl-1 expression (Fig. 4a
and d), PI (Fig. 4b and e), AI (Fig. 4c and f) and combin-
ation of Mcl-1, PI and AI were presented in Fig. 5. The
overall survival rates were significantly higher in lung SCC
and ADC patients with low Mcl-1 expression than
these with high Mcl-1 expression (P = 0.031, Fig. 4a;
P = 0.021, Fig. 4d respectively). Moreover, patients had
worse prognosis with high PI or low AI (P = 0.013 for
ADC, Fig. 4e; P = 0.022 for SCC, Fig. 4c, respectively);
also, lung ADC patients with high Mcl-1 expression
and PI, or with high Mcl-1 expression and low AI had
significantly lower overall survival rates than patients

Fig. 2 C-PARP AI in NSCLC was detected by IHC. Positive staining of c-PARP (arrows) was found in the nucleus of lung SCC and ADC cells
(a and b, 200×, IHC, DAB staining)

Fig. 3 Mcl-1 expression, Ki-67 PI and c-PARP AI in lung SCC and lung ADC compared to non-CLT. Results showed that there were significant
differences between the groups which were statistically by chi-square test (***P < 0.001). No apparent difference in AI was found between lung
SCC and non-CLT (P > 0.05)
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with any other patterns of Mcl-1/PI/AI (P = 0.000,
Fig. 5c; P = 0.037, Fig. 5d). There were no significant
associations between PI alone, high Mcl-1 expression
as well as PI and overall survival rates were noticed
in lung SCC patients.
We further investigated whether the expression of

Mcl-1, PI and AI can be used as an independent prog-
nostic factor for NSCLC. As shown in Table 2, high
Mcl-1 expression and high PI may serve as an independ-
ent poor prognostic factors for lung ADC (P = 0.035,
P = 0.029, respectively), as well as clinical stages (P =
0.023). For lung SCC, pathological grades and LNM sta-
tus are identified as independent poor prognostic factors
(P = 0.010, P = 0.003, respectively). No clinical effect was
detected with age, gender, treatment strategy in lung
SCC and ADC (P > 0.05 for all).

Discussion
Members of bcl-2 family represented a new class of
oncogene by maintaining viability through inhibition of
apoptosis, whose dysregulation was involved in virtually
all malignancies, and a number of other pathologies [3].
Mcl-1 overexpression has been found in several
hematological cancers and solid tumors, including

chronic myeloid leukemia, gastric cancer and lung can-
cer [20–23]. In this study, we found that Mcl-1 expres-
sion and PI were remarkably increased in lung SCC and
ADC compared with non-CLT, which is in accordance
with several studies reported by other investigators [20].
In addition, our data showed that increased Mcl-1
expression was significantly associated with high PI and
negatively related to high AI in NSCLC. The results sug-
gest that elevated expression of Mcl-1 might be involved
in inhibiting apoptosis and promoting cell survival in
NSCLC.
We showed that both lung SCC and ADC patients had

worse overall survival rates with increased Mcl-1 expres-
sion compared with low Mcl-1 expression, lung ADC
patients with high Mcl-1 expression and low AI have a
far worse prognosis compared to patients with other
immunophenotype of Mcl-1 and AI. Furthermore,
multivariate analysis proved that increased Mcl-1 ex-
pression was an independent factor for poor prognosis
in lung ADC patents. Of note, our results suggest that
high Mcl-1 expression might participate in inhibiting cell
apoptosis and associate with the poor prognosis of lung
ADC patients. Therefore, increased Mcl-1 expression
might be used as a novel biomarker to predict poor

Fig. 4 Kaplan-Meier cures for overall survival of lung SCC and lung ADC patients with Mcl-1 expression, PI and AI. Kaplan-Meier analysis was used
to plot the overall survival of 154 cases of lung SCC (a-c) and 196 cases of lung ADC (d-f) patients with differential Mcl-1 expression, PI and AI,
which statistical significance was assessed by log-rank test. (a) Lung SCC patients with high Mcl-1 expression showed worse overall survival rates
compared to patients with low Mcl-1 expression (P = 0.031, two sided). (b) PI had no significantly correlation with overall survival rates of lung
SCC patients (P > 0.05, two sided). (c) Lung SCC patients with high AI showed better overall survival rates compared to those with low AI (P =
0.022, two sided). (d) Lung ADC patients with high Mcl-1 expression had worse overall survival rates than that with low Mcl-1 expression (P =
0.021, two sided). (e) Lung ADC patients with high PI showed worse overall survival rates than those with low PI (P = 0.013, two sided). (f) The AI
had no significantly correlation with overall survival rates of lung ADC patients (P > 0.05, two sided)
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Fig. 5 Kaplan-Meier analysis was used to plot the overall survival of 154 cases of lung SCC (a and b) and 196 cases of lung ADC (c and d)
patients with differential combined Mcl-1 expression, PI and AI, which statistical significance was assessed by log-rank test. (a) Kaplan-Meier
curves showed that there was no statistical significance between lung SCC patients with combined high Mcl-1 expression and PI and that with
low expression with either of two proteins mentioned above (P > 0.05, two sided). (b) There was no apparent difference between lung SCC
patients with combined high Mcl-1 expression and low AI and that with other expression patterns of these two proteins (P = 0.096, two sided).
(c) Lung ADC patients with high expression of both Mcl-1 and PI had worse overall survival rates compared with either of low expression of two
proteins above (P < 0.0001, two sided). (d) Lung ADC patients with high Mcl-1 expression and low AI owned poor prognosis compared with that
with other expression patterns of these tow proteins (P = 0.037, two sided)

Table 2 Summary of multivariate of Cox proportional regression for overall survival in 350 cases of NSCLC

Histological type Lung SCC Lung ADC

Parameter Sig. Exp (B) 95.0% CI for Exp (B) Sig. Exp (B) 95.0% CI for Exp (B)

Lower Upper Lower Upper

Age 0.705 1.121 0.621 2.024 0.672 0.909 0.584 1.414

Gender 0.059 0.141 0.019 1.079 0.529 0.873 0.572 1.333

Pathological grade 0.010* 2.149 1.208 3.835 0.252 1.247 0.854 1.821

Clinical stages 0.115 1.699 0.879 3.286 0.023* 1.740 1.080 2.804

LNM status 0.003* 2.523 1.357 4.688 0.084 1.546 0.943 2.534

Treatment strategy 0.724 0.907 0.529 1.558 0.948 1.013 0.685 1.499

Mcl-1 expression 0.655 1.139 0.643 2.020 0.035* 1.724 1.038 2.864

AI 0.105 0.637 0.369 1.099 0.235 0.733 0.439 1.225

PI 0.263 1.434 0.763 2.696 0.029* 1.596 1.049 2.429

Abbreviations: LNM lymph node metastasis, SCC squamous cell carcinoma, ADC adenocarcinoma, CI confidence interval. Note: multivariate analysis of Cox
regression, *P < 0.05
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prognosis for lung ADC patients. Our results provide
evidence that inhibiting Mcl-1 would be a promising
novel strategy to trigger cell death pathways in the treat-
ment of NSCLC therapy.
The correlation between PI and prognosis of neoplasm

is reported in many tumors including lung cancer [24].
Several studies revealed that PI often fails to be an inde-
pendent prognostic factor in multivariate analyses, or as a
negative association to prognosis in lung cancer [25–27].
In our study, high PI had significant correlation with over-
all survival rates for lung ADC patients. Furthermore, lung
ADC patients with high Mcl-1 expression and high PI had
lower overall rates than those with low Mcl-1 expression
or PI. Our studies demonstrated surgically resented
NSCLC patients with high Mcl-1 expression and high PI
had poor overall survival, which suggest that Mcl-1 and
high PI might have a positive synergistic effect on patients’
outcome.
Dysregulated apoptosis plays a central role in cancer

development and limits the efficacy of conventional
cytotoxic therapies [28–30]. Evidence is accumulating
that Mcl-1 could decide cell fate by changes in transcrip-
tion, localization, stability and its ability to form dimers
with bcl-2 homologues and other proteins. Moreover, it
is demonstrated that patients with solid tumors and
leukemia benefit from decreased Mcl-1 expression or re-
ducing its stability [31]. Thus Mcl-1 is an attractive and
potential therapeutic target in a number of malignancies,
and also plays an important role in the resistance to an-
ticancer therapies [4, 21, 32, 33]. So far, many Mcl-1
protein inhibitors such as Mcl-1 antisense oligonucleo-
tides, staple-peptides and small-molecule inhibitors have
been reported, but there still be a long way to go before
they are put into clinical practice [34]. The underlying
mechanisms and effects of the up-expression of Mcl-1 in
NSCLC are not clearly elucidated yet. A recent study
shows that Mcl-1 can be cleaved by caspase-3 in NSCLC
cells that are undergoing chemotherapeutic agent-
triggered apoptosis. The stability of cleaved Mcl-1 sup-
ports the correlation between Mcl-1 expression and the
relative resistance of NSCLC patients to chemotherapy
[35]. Our previous study showed that treatment of Mnk
inhibitor CGP57380 resulted in decreased Mcl-1 expres-
sion while increased c-PARP expression in NSCLC cells.
Taking together, our data highlighted the role of Mcl-1
might play in apoptosis of NSCLC cells [14]. Obviously,
further studies and more researches are in need to eluci-
date the precise mechanism of the role of Mcl-1 protein
in NSCLC.

Conclusions
The expression of Mcl-1 and PI significantly increased
in lung SCC and lung ADC tissues, and AI obviously
decreased in lung ADC tissues. High Mcl-1 expression

might promote cell proliferation and inhibit apoptosis,
which correlated with poor prognosis for NSCLC
patients, and Mcl-1 might serve as novel biomarker of
poor prognosis in surgically resected NSCLC patients.
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