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Abstract: Cyclophilin B (CypB), encoded by peptidylprolyl isomerase B (PPIB), is involved in cellular transcriptional
regulation, immune responses, chemotaxis, and proliferation. Recent studies have shown that PPIB/CypB is associ-
ated with tumor progression and chemoresistance in various cancers. However, the clinicopathologic significance
and mechanism of action of PPIB/CypB in non-small cell lung cancer (NSCLC) remain unclear. In this study, we
used RNA in situ hybridization to examine PPIB expression in 431 NSCLC tissue microarrays consisting of 295
adenocarcinomas (ADCs) and 136 squamous cell carcinomas (SCCs). Additionally, Ki-67 expression was evaluated
using immunohistochemistry. The role of PPIB/CypB was assessed in five human NSCLC cell lines. There was a
significant correlation between PPIB/CypB expression and Ki-67 expression in ADC (Spearman correlation r=0.374,
P<0.001) and a weak correlation in SCC (r=0.229, P=0.007). In ADCs, high PPIB expression (PPIB"¢") was associ-
ated with lymph node metastasis (P=0.023), advanced disease stage (P=0.014), disease recurrence (P=0.013),
and patient mortality (P=0.015). Meanwhile, high Ki-67 expression (Ki-67"¢") was correlated with male sex, smoking
history, high pT stage, lymph node metastasis, advanced stage, disease recurrence, and patient mortality in ADC
(all P<0.001). However, there was no association between either marker or clinicopathological factors, except for
old age and PPIB"e" (P=0.038) in SCC. Survival analyses revealed that the combined expression of PPIB"e"/Ki-67"e"
was an independent prognosis factor for poor disease-free survival (HR 1.424, 95% ClI 1.177-1.723, P<0.001) and
overall survival (HR 1.266, 95% Cl 1.036-1.548, P=0.021) in ADC, but not in SCC. Furthermore, PPIB/CypB pro-
moted the proliferation, colony formation, and migration of NSCLC cells. We also observed the oncogenic properties
of PPIB/CypB expression in human bronchial epithelial cells. In conclusion, PPIB/CypB contributes to tumor growth
in NSCLC, and elevated PPIB/Ki-67 levels are linked to unfavorable survival, especially in ADC.
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Introduction the United States, the 5-year relative survival

rate of NSCLC is 26%, which remains low
Lung cancer is the leading cause of cancer- despite recent improvements [2]. The tumor,
associated deaths worldwide, with non-small node, and metastasis (TNM) staging system,
cell lung carcinoma (NSCLC) accounting for endorsed by both the International Association
approximately 85% of lung cancer cases [1]. In for the Study of Lung Cancer (IASLC) and the
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American Joint Committee on Cancer (AJCC),
has been internationally employed to classify
the extent and its correlation with survival out-
comes. Adenocarcinoma (ADC), the most com-
mon histological type, and squamous cell carci-
noma, another common subtype, are the two
major subtypes of NSCLCs, accounting for
more than 85% of the cases [3]. As they exhibit
distinct characteristics, including differences in
the origin of tumor cells, location, specific bio-
markers, and oncogenic drivers [4], the histo-
pathologic subtype has become a crucial factor
in NSCLC patient survival and in guiding their
therapeutic plan [5, 6]. Additionally, the Ki-67
labeling index is a well-established histological
marker for predicting the survival of patients
with NSCLC [7].

Cyclophilins, a cyclophilin family of peptidyl-
prolyl cis-trans isomerases, have been identi-
fied as abundant intracellular binding proteins
with a high affinity for the immunosuppressant
cyclosporin A. They contribute to diverse cellu-
lar functions, including transcriptional regula-
tion, immune response, chemotaxis, protein
secretion, protein folding and trafficking, and
regulation of mitochondrial permeability [8].
Cyclophilin B (CypB), encoded by peptidylprolyl
isomerase B (PPIB) and primarily located in the
endoplasmic reticulum, has been highly con-
served throughout evolution, indicating that it
plays an important role as a housekeeping
gene [9]. In pathological conditions, PPIB/CypB
plays a role in hepatitis C replication [10] and
has also been reported to be involved in the
tumorigenesis of various cancers, including
hepatocellular carcinoma, gastric cancer,
breast cancer, cervical cancer, head and neck
squamous cell carcinoma, and glioblastoma
[11-16]. Furthermore, PPIB/CypB has been
implicated in conferring resistance to certain
anticancer agents such as cisplatin and oxali-
platin [17, 18]. However, the role of PPIB/CypB
in NSCLC development and its underlying
molecular mechanisms remain elusive. The
clinicopathological significance of PPIB expres-
sion in NSCLC also remains unclear.

The aim of the present study was to explore the
clinicopathologic significance of PPIB expres-
sion in ADC and SCC, common subtypes of
NSCLCs, and to elucidate the underlying func-
tional mechanisms responsible for inducing of
PPIB/CypB expression in NSCLC cell lines.
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Materials and methods
Patients and tissue samples

A total of 431 surgically resected primary
NSCLC specimens obtained between January
2011 and December 2011 were retrieved from
the Department of Pathology at Asan Medical
Center, Seoul, Korea. Clinical data, including
age, sex, smoking history, adjuvant chemother-
apy, survival status, and survival time of
patients, and pathological data, including histo-
logic type, differentiation, and pTNM classifica-
tion, were collected from medical records and
pathologic reports. The NSCLC cohort included
295 patients with ADCs and 136 patients with
SCCs. Patients with other histological types,
such as small cell carcinoma, large cell neuro-
endocrine carcinoma, large cell carcinoma,
adenosquamous cell carcinoma, and sarcoma-
toid carcinoma, were excluded. The histological
subtypes of NSCLC were classified based on
both histological findings and ancillary immuno-
histochemical results, such as p40, p63, TTF-1
and Napsin A according to the 2021 World
Health Organization classification of histologi-
cal types [19]. TNM stage was adjusted accord-
ing to the 8th AJCC Staging Manual [3].
Recurrence was determined according to the
Response Evaluation Criteria in Solid Tumors
(RECIST; version 1.1) using computed tomogra-
phy or magnetic resonance imaging. The
patient status was assessed at the last follow-
up visit. This study was approved by the
Institutional Review Board of the Asan Medical
Center (approval number: 2016-0752, Seoul,
Republic of Korea), and informed consent was
obtained from each patient. All procedures
were conducted in accordance with the Helsinki
Declaration.

RNA-in situ hybridization

RNA in situ hybridization for PPIB was per-
formed using an RNAscope 2.5 detection kit
with Hs-PPIB (Cat. No. 313901) and a negative
control probe [Bacillus subtilis dihydrodipico-
linate reductase (DapB)] (Cat. No. 310043)
gene (Advanced Cellular Diagnostics Inc.,
Hayward, CA, USA), as previously described
[20]. Briefly, 5-um sectioned tissue microarray
(TMA) slides were deparaffinized and pretreat-
ed with heat and protease before hybridization
under standard pretreatment conditions. Slides
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were incubated with Hs-PPIB or DapB probe for
2 h at 40°C within a humidity control chamber.
Signal amplification and detection reagents
were applied sequentially, according to the
manufacturer’s instructions. Positive signals
were visualized with 3,3’-dimaniobenzadine
(DAB)+ substrate-chromogen resulting in brown
dots, counterstained in hematoxylin. Images
were acquired using an Aperio AT2 digital scan-
nerwith a40x objective lens (Leica Biosystems).

Captured digital images were then imported
into the computer-assisted image analyzing
software, Visiopharm software v6.9.1 (Visio-
pharm, Hgrsholm, Denmark) for quantification
of PPIB. After training the system by digitally
“painting” examples of the nucleus in the
image, tumor nuclei were defined and cyto-
plasm is further defined by outlining the defined
nucleus. In addition, the DAB dots were identi-
fied using a Bayesian classifier trained during
the preprocessing steps. The mean number of
DAB dots per tumor cell in the representative
area of each TMA core was calculated.

Immunohistochemical analysis

Immunohistochemistry was performed on
5-um sectioned TMA slides. Briefly, slides were
deparaffinized in xylene and graded alcohols,
and the heat epitope was retrieved in a buffer
(pH 9.0) containing EDTA (Dako, Carpinteria,
CA, USA) using a DAKO pressure cooker.
Endogenous peroxidase activity was quenched
using 0.3% hydrogen peroxidase in water for 10
min. Then, the primary rabbit monoclonal Ki-67
antibody (Clone SP6; Cell Marque, Rocklin, CA,
USA) was added at 1:250 for 30 min at room
temperature, followed by incubation with DAKO
Envision+ HRP-labeled polymer for an addition-
al 30 min to detect the immunoenzymatic reac-
tion. Slides were then visualized with DAB+
substrate-chromogen resulting in a brown pre-
Cipitate at the antigen site, counterstained in
hematoxylin and coverslipped. Rabbit isotype
control immunoglobulin G (IgG) was used
instead of the primary antibody to evaluate
non-specific staining.

All stained slides were scanned using an Aperio
AT2 digital scanner with a 40x objective lens
(Leica Biosystems). The images were analyzed
using Visiopharm software v6.9.1 (Visiopharm,
Hgrsholm, Denmark). Tumor regions were out-
lined manually within the region of interest

919

(ROI) and nuclei were defined after training the
system. Ki-67 expression was calculated based
on the percentage of stained tumor cell nuclei.

Cells, cell culture and generation of cell lines

Human NSCLC cells (A549, PC-9, Calu-3, H460
and H2009) and immortalized human bronchi-
al epithelial (HBE) BEAS-2B cells were pur-
chased from the American Type Culture
Collection (ATCC, Manassas, VA, USA). Non-
transformed HBE 1799 cells were obtained
from Dr. Y. G. Park (Seoul, Korea). All cells were
tested for mycoplasma using the Mycoplasma
Detection Kit (Thermo Fisher Scientific, San
Jose, CA, USA) and grown at 37°C in a 5% CO,
incubator/humidified chamber. To generate
H2009-PPIB and 1799-PPIB cells, pCMV3-
PPIB-FLAG plasmids (Sino Biological, Beijing,
China) were transfected into the H2009 and
1799 cells. Stably transfected lines were
selected and maintained in the presence of the
appropriate concentrations of Hygromycin B
(Duchefa Biochemistry, Haarlem, Netherlands).

SiRNA constructs

Synthetic small interfering RNAs (siRNAs) spe-
cific for GFP and PPIB were purchased from
Bioneer (Daejeon, Korea): Non-specific GFP
(green fluorescent protein), 5-GCAUCAAGGU-
GAACUUCAA-3’ (sense), 5-UUGAAGUUCACCUU-
GAUGC-3’ (antisense); PPIB-#1, 5-CAGCAAAU-
UCCAUCGUGUA-3’ (sense), 5-UACACGAUGGAA-
UUUGCUG-3’ (antisense); PPIB-#2, 5-CUUAGC-
UACAGGAGAGAAA-3’ (sense), 5’-UUUCUCUCCU-
GUAGCUAAG-3’ (antisense); and PPIB-#3, 5'-
GUGUAUUUUGACCUACGAA-3’ (sense), 5-UUC-
GUAGGUCAAAAUACAC-3’ (antisense). Cells we-
re transfected with 100 pmol of synthesized
siRNA using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) according to the manufac-
turer’s instructions.

Western blot analysis

Lysates extracted from 5 x 10° cells were used
for western blot analysis as described previ-
ously [21]. Primary antibodies against PPIB
(101242-T136, Sino Biological), FLAG (M185-3L,
MBL, Nagoya, Japan) and B-ACTIN (M177-3,
MBL) were used in Western blot analysis, fol-
lowed by the appropriate secondary antibodies
conjugated with horseradish peroxidase.
Immunoreactive bands were developed using

Am J Cancer Res 2024;14(2):917-930



PPIB in pulmonary adenocarcinoma

an ECL chemiluminescence detection system
(Elpis Biotech, Daejeon, Korea) and signals
were detected using a luminescent image ana-
lyzer (LAS-4000 Mini, Fujifilm, Tokyo, Japan).
B-ACTIN was included as an internal loading
control. The intensity of the western blot sig-
nals was quantified using Multi-gauge software
(Fujifilm).

Trypan blue exclusion assay

Cell proliferation was determined using the try-
pan blue exclusion assay as described previ-
ously [22]. Briefly, the cells were harvested at
the indicated times and stained with 0.4% try-
pan blue to exclude dead cells. The number of
live cells was counted using a hemocytometer
and a light microscope.

Flow cytometry analysis

The cells (2 x 10°%) were harvested by trypsin-
ization, washed, and resuspended in PBS. To
detect cellular Ki-67 expressional levels, the
gathered cells were then reacted with PerCP/
Cyanineb.5-conjugated anti-Ki-67 (350520,
Biolegend, San Diego, CA, USA) or isotype con-
trol antibody for 1 h at 4°C. The stained cells
were washed twice and analyzed using a
FACSVerse flow cytometer (BD Biosciences,
San Jose, CA, USA). Data were acquired using a
FACSVerse flow cytometer and analyzed using
BD FACSuite software (BD Biosciences).

Colony formation assay

Cells were plated onto 12-well cell culture
plates and incubated for one week to allow col-
onies to develop. The colonies were stained
with crystal violet (0.5% in methanol; Sigma-
Aldrich, St. Louis, MO, USA) for 10 min and
washed with deionized water to remove excess
stain. Stained colonies with a diameter of 1
mm were counted manually from microscopic
images. Each colony formation assay was per-
formed in triplicate and repeated three times.

Wound-healing assay

The cell migration capacity was determined
using a scratch wound healing assay. The cells
were incubated in 6-well cell culture plates to
obtain a confluent monolayer. The wounds were
scratched using pipette tips, and the medium
was replaced with fresh medium after washing
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the free-floating cells. Culture plates were incu-
bated at 37°C in a CO, incubator, and the dis-
tance between the migrated cells was mea-
sured during this period. Photographs were
taken after 24 h.

Statistical analysis

The chi-square test was used to analyze the
association between the degree of PPIB or
Ki-67 positivity and clinical variables (sex,
smoking, differentiation, histologic type, pT
stage, pN stage, recurrence, and status). An
independent t-test was used to analyze PPIB or
Ki-67 positivity and age. Disease-free survival
(DFS) and overall survival (OS) were calculated
using the Kaplan-Meier method with log-rank
tests. The expression levels of PPIB and Ki-67
were dichotomized (high vs. low) using the cut-
off values that provided the most discrimina-
tive power (0.8 for PPIB and 23% for Ki-67).
Univariate and multivariate analyses were con-
ducted using the Cox proportional hazards
regression model to identify prognostic factors.
The statistical significance level was set at
0.05. All statistical analyses were performed
using IBM SPSS ver. 26.0 (SPSS Inc., Chicago,
IL, USA).

Results

Clinicopathologic characteristics of patients
with NSCLC

The characteristics of the 431 patients and
their tumors are summarized in Table 1. The
mean age of the patients was 63.0 years (range
35.0-86.0 years) and 68.9% of patients were
males. There were 295 (68.4%) ADC and 136
(31.6 %) SCC cases. There were 281 patients
(65.2%) with a history of smoking, and 97.1% of
the patients with SCC had a history of smoking.
For SCC, 135 (99.2%) cases were males and
the mean was 65.5 years, ranging from 43.0 to
84.0 years. ADC had a much more similar sex
distribution, with 162 cases (54.9%) in males
and 133 (45.1%) in females. The mean age of
the patients with ADC was 62.0 years, ranging
from 35.0 to 86.0 years. There were 83 (19.3%),
307 (71.4%), and 40 (9.3%) well differentiated,
moderately differentiated, and poorly differenti-
ated tumors, respectively. Tumors of pT1 and
pT2 were 192 (44.6%) and 141 (32.7%), respec-
tively, whereas 98 tumors (22.7%) were classi-
fied as pT3 or higher. Lymph node and distant
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Table 1. Characteristics of patients (n=431)

rence was recorded in 134

Category No.(%) ADC (n=295) SCC(n=136) p value patients  (31.1%) ~and 138

No. Age (mean, yrs) 620+9.4 655+82 <0.001" patients (32.0%) died. The

Sex median follow-up period was

59.9 months (range 0.1-92.3
Male 297 (68.9) 162 (54.9) 135(99.2) <0.001" months).
Female 134 (31.1) 133 (45.1) 1(0.73)

Smoking <0.001" PPIB and Ki-67 expression in
No 150 (34.8) 146 (49.5) 4 (2.9) patients with NSCLC
Yes 281 (65.2) 149 (50.5) 132 (97.1)

Differentiation <0.001* Representative in situ hybrid-
Wl 82192 720245 116 mmunohistachemical imagss
Moderate 307 (71.4) 213 (72.4) 94 (69.1) of Ki-67 are shown in Figure 1
Poor 40 (9.3) 9(3.1) 31 (22.8) and Supplementary Figure 1,

pT stage <0.001" respectively. A total of 279
la-lc 192 (44.5) 156 (52.9) 36 (26.5) (64.7%) NSCLCs were classi-
la-llb 141(32.7) 99(33.6) 42(30.9) fied as high PPIB-expressing
-1V 98 (22.7) 40 (13.5) 58 (42.6) cases, and 246 (57.1%) had

pN stage 0.071 high Ki-67 expression (Supple-
0 295 (68.4) 210(71.2) 85 (62.5) mentary Table 1). PPIB expres-
-1 136 (31.6) 85 (28.8) 51 (37.5) sion was not associated with

oM stage 0.725 histological type; however,
MO 413(95.8) 282(95.6) 131 (96.3) high Ki-67 expression was fre-
M1 18 (4.2) 13 (4.4) 5(3.7) quently observed in SCC (P<
0.001; Table 1 and Supple-

Stage 0.003" mentary Figure 2).
| 241 (55.9) 187 (63.4) 54 (39.7)

I 82(19.0) 39(13.2) 43 (31.6) In analyses according to
1l 90 (20.9) 56 (19.0) 34 (25.0) histological type, high PPIB
v 18 (4.2) 13 (4.4) 5(3.7) expression in patients with

Recurrence 0.609 ADC was significantly correlat-
Absent 297 (68.9) 201(68.1) 96 (70.6) ed with lymph node metasta-
Present 134 (31.1) 94(31.9) 40 (29.4) sis (P=0.023), advanced stage

Status 0.098 (P=0.014), disease recurren-

) ce (P=0.013), and patient
Alive 293 (68.0) 208 (70.5) 85 (62.5) mortality (P=0.015; Table 2).
Expire 138 (32.0) 87 (29.5) 51 (37.5) High Ki-67 expression was

PPIB expression 0.659 significantly associated with
Low 152 (35.3) 102(34.6) 50 (36.8) male sex, smoking history,
High 279 (64.7) 193 (65.4) 86 (63.2) high pT stage, lymph node

Ki-67 expression <0.001* metastasis, advanced stage,
Low 185 (42.9) 184 (62.4) 1(0.7) disease recurrence, and pati-
High 246 (57.1) 111 (37.6)  135(99.3) ent mortality (all P<0.001;

“Statistically significant (P<0.05).

metastases were observed in 136 (31.6%) and
18 patients (4.2%), respectively. At the time of
diagnosis, 241 (55.9%), 82 (19.0%), 90 (20.9%),
and 18 (4.2%) patients were categorized as
having stage |, Il, lll, and IV disease, respective-
ly. ADC tended to exhibit differentiated tumors
(P<0.001), lower pT stage (P<0.001), and lower
AJCC stage (P=0.003) than SCC. Tumor recur-
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Table 2). However, there was
no association between either
marker and the clinicopatho-
logical factors, except for old age and high PPIB
expression (P=0.038) in the SCC subgroup
(Supplementary Table 2).

PPIB expression in NSCLC showed a weak posi-
tive correlation with Ki-67 expression (Spear-
man’s correlation coefficient r=0.191, P<
0.001; Figure 2A). In ADC, PPIB expression was
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Figure 1. Assessment of PPIB expression in human NSCLC tissues. Digital
images were automatically analyzed using Visiopharm software (v6.9.1) for
quantification of PPIB expression. A captured RNAscope image of poorly dif-
ferentiated adenocarcinoma (A) showed outlined tumor nuclei (green) (B),
followed by identification of positive PPIB signals (red dots) (C). The mean

After combining the results
of PPIB and Ki-67 expressions
in ADC, there were high PPIB/
high Ki-67 (PPIB"e"/Ki-67"en,
n=87, 29.5%), low PPIB/
high Ki-67 (PPIB"Y/Ki-67"e",
n=24, 8.1%), high PPIB/low
Ki-67 (PPIB"e"/Ki-67'°%, n=
107, 36.3%), and low PPIB/low
Ki-67 (PPIB"°Y/Ki-67'"°", n=77,
26.1%) expression groups.
The 5-year DFS rates were
46.6%, 56.4%, 72.4%, and
85.1%, respectively (P<0.001;
Figure 3C). In the pairwise
analysis, PPIBMe"/Ki-67"e" pa-
tients showed the worst DFS
compared to those of the
other groups (PPIB"&"/Ki-67Me"
vs. PPIB"e"/Ki-67'", P<0.001;
PPIBMe"/Ki-67"e" vs. PPIB""/
Ki-67"°%, P<0.001; PPIB""/
Ki-67Me" vs. PPIB""/Ki-67'"",
P=0.008). However, there
were no statistically signifi-
cant differences between
the other groups, including
PPIB"e"/Ki-67"e" vs. PPIB""/

value of DAB dots per tumor cells was calculated (D).

strongly correlated with Ki-67 expression
(Spearman correlation r=0.374, P<0.001;
Figure 2B), whereas there was a weak positive
correlation between PPIB and Ki-67 expression
(Spearman correlation r=0.229, P=0.007) in
SCC (Figure 2C).

Prognostic significance of PPIB and Ki-67 ex-
pression in patients with NSCLC

Next, we assessed the relationship between
PPIB and Ki-67 expression, and patient sur-
vival in 295 ADC and 136 SCC patients using
available DFS and OS data. The DFS and OS
of ADC patients with high PPIB expression
were significantly worse than those with low
PPIB expression (P=0.008 and 0.014, respec-
tively; Figure 3A and 3D). ADC patients
with and high Ki-67 expression showed a sig-
nificant disadvantage for DFS and OS (P<0.001;
Figure 3B and 3E). However, in SCC, PPIB and
Ki-67 expression were not significantly associ-
ated with patient survival (Supplementary
Figure 3).
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Ki-67"e" (P=0.276), PPIB""/
Ki-67"e" vs. PPIBMe"/Ki-67""
(P=0.085), and PPIB"&"/Ki-
67" vs. PPIB"/Ki-67"°% (P=0.171). The 5-year
OS rate were 54.8%, 66.2%, 80.7% and 85.2%,
respectively (P<0.001, Figure 3F). The 0OS
of the PPIB"&"/Ki-67"e" vs. PPIB"e"/Ki-67'""
(P<0.001) groups and PPIB"e"/Ki-67"e" vs,
PPIB"/Ki-67"" (P<0.001) groups was signifi-
cantly different.

Cox proportional analysis was performed for
DFS and OS with regard to clinicopathological
factors, including age, sex, pT stage, pN stage,
PPIB, and Ki-67 expression (Tables 3 and 4).
Among these, high pT stage (P<0.001), high
pN stage (P<0.001), high PPIB expression
(P=0.009), high Ki-67 expression (P<0.001),
and PPIB"e"/Ki-67Me" (P<0.001) were associat-
ed with significantly worse DFS in univariate
analysis. Old age (P=0.005), male sex
(P=0.038), high pT stage (P=0.001), high pN
stage (P<0.001), high PPIB expression (P=
0.015), high Ki-67 expression (P<0.001), and
PPIBMe"/Ki-67"e" (P<0.001) were significantly
correlated with shorter OS. In multivariate anal-
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Table 2. Association of PPIB and Ki-67 expression with clinicopathologic characteristics in pulmonary
adenocarcinoma

PPIB, No. (%) Ki-67, No. (%)
Category Low (<0.8, n=102) High (=0.8, n=193) p value Low (<23.0, n=184) High (=23.0, n=111) p value
Age 61.8+8.7 62.1+9.8 0.814 61.4+9.1 62.9+9.9 0.203
Sex 0.217 <0.001"
Male 51 (50) 111 (57.5) 86 (46.7) 76 (68.4)
Female 51 (50) 82 (42.4) 98 (563.2) 35 (31.5)
Smoking 0.110 <0.001"
No 57 (55.8) 89 (46.1) 110 (59.7) 36 (32.4)
Yes 45 (44.1) 104 (53.8) 74 (40.2) 75 (67.5)
Differentiation® 0.422 <0.001"
Well 28 (27.4) 44 (22.9) 61(33.1) 11 (10)
Moderate 71 (69.6) 142 (73.9) 121 (65.7) 92 (83.6)
Poor 3(2.94) 6(3.12) 2(1.08) 7 (6.36)
pT stage 0.313 <0.001"
la-lc 58 (56.8) 98 (50.7) 114 (61.9) 42 (37.8)
lla-1lb 32(31.3) 67 (34.7) 53 (28.8) 46 (41.4)
1-1v 12 (11.7) 28 (14.5) 17 (9.23) 23 (20.7)
pN stage 0.023* <0.001"
0 81 (79.4) 129 (66.8) 150 (81.5) 60 (54.0)
-1l 21 (20.5) 64 (33.1) 34 (18.4) 51 (45.9)
pM stage 0.231 0.248
MO 100 (98.0) 182 (94.3) 178 (96.7) 104 (93.6)
M1 2(1.96) 11 (5.69) 6(3.26) 7 (6.30)
Stage 0.014" <0.001"
| 71 (69.6) 116 (60.1) 138 (75.0) 49 (44.1)
Il 17 (16.6) 22 (11.3) 18 (9.78) 21 (18.9)
1] 12 (11.7) 44 (22.7) 22 (11.9) 34 (30.6)
v 2(1.96) 11 (5.69) 6 (3.26) 7 (6.30)
Recurrence 0.013" <0.001"
Absent 79 (77.4) 122 (63.2) 143 (77.7) 58 (52.2)
Present 23 (22.5) 71(36.7) 41 (22.2) 53 (47.7)
Status 0.015" <0.001"
Alive 81 (79.4) 127 (65.8) 145 (78.8) 63 (56.7)
Expire 21 (20.5) 66 (34.1) 39(21.1) 48 (43.2)

aCalculated with only 294 cases with available information on tumor grade. *Statistically significant (P<0.05).

A n=431, =0.191, p<0.001 B n=295, =0.374, p<0.001 C n=136, r=0.229, p=0.007

£ : Do@ °Wg°;&o;‘éao °
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Ki-67 Ki-67 Ki-67

Figure 2. Correlation analysis between PPIB and Ki-67 expression in NSCLC (A), adenocarcinoma (ADC) group (B),
and squamous cell carcinoma (SCC) group (C). PPIB expression showed a significant positive correlation with Ki-
67 in ADC (Spearman correlation r=0.374, P<0.001), but a weak correlation in all NSCLC (Spearman correlation
r=0.191, P<0.001) and SCC (Spearman correlation r=0.229, P=0.007).
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Figure 3. Kaplan-Meier survival analysis for PPIB and Ki-67 expression in adenocarcinoma patients. Patients with
high PPIB (A, D) and high Ki-67 (B, E) expression showed poor disease-free (log rank P=0.008 and P<0.001, re-
spectively) and overall survival rates (log rank P=0.014 and P<0.001, respectively) compared to patients with low
expressions of both markers, respectively. A significant difference in survival rate was found among four groups (C,
F), classified based on combined PPIB and Ki-67 expression (log rank P<0.001) and patients with PPIB"e"/Ki-67"e"

had worst disease-free (C) and overall survival rates (F).

ysis, high pT stage (hazard ratio [HR] 1.798,
95% Cl 1.355-2.387, P<0.001) and high Ki-67
expression (HR 1.952, 95% CI 1.258-3.030,
P=0.003) were independently associated with
poor DFS. Old age (HR 1.033, 95% CI 1.07-
1.059, P=0.012) and high pN stage (HR 2.816,
95% Cl 1.780-4.453, P<0.001) was significant-
ly associated with shorter OS. Notably, the
combined expression of PPIB"e"/Ki-67"&" was

924

an independent prognosis factor for poor DFS
(HR 1.424, 95% Cl 1.177-1.723, P<0.001) and
0S (HR 1.266, 95% Cl 1.036-1.548, P=0.021).

Impact of PPIB/CypB silencing on oncogenic
properties in NSCLC cells

Given that high PPIB expression is a poor prog-
nostic factor in patients with ADC, we deter-
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Table 3. Cox proportional univariate and multivariate analyses of disease-free survival in patients
with pulmonary adenocarcinoma

Univariate analysis

Multivariate analysis

Multivariate analysis (including dual PPIB/Ki-67)

Variables

HR [95% ClI] p value HR [95% CI] p value HR [95% CI] p value
Age 0.991[0.968-1.014] 0.419
Sex 1.132[0.752-1.704] 0.553
pT 2.210[1.706-2.862] <0.001* 1.798 [1.355-2.387] <0.001" 1.790 [1.350-2.374] <0.001"
pN 2.734[1.818-4.112] <0.001" 1.531[0.975-2.402] 0.064 1.532 [0.977-2.402] 0.063
PPIBhEn 1.866[1.165-2.987] 0.009" 1.550 [0.962-2.497] 0.072
Ki-67"en 2.951 [1.959-4.447] <0.001" 1.952 [1.258-3.030] 0.003"
PPIBMe"/Ki-67"e" 2,161 [1.603-2.914] <0.001" 1.424 [1.177-1.723] <0.001"

HR, Hazard ratio; Cl, confidence interval; *Statistically significant (P<0.05).

Table 4. Cox proportional univariate and multivariate analyses of overall survival in patients with
pulmonary adenocarcinoma

Variables

Univariate analysis

Multivariate analysis

Multivariate analysis (including dual PPIB/Ki-67)

HR [95% ClI] p value HR [95% ClI] p value HR [95% CI] p value
Age 1.037 [1.011-1.063] 0.005" 1.033[1.007-1.059] 0.012" 1.033 [1.007-1.059] 0.012"
Sex 1.591 [1.025-2.469] 0.038" 1.317 [0.836-2.073] 0.235 1.293[0.822-2.031] 0.266
pT 1.600 [1.223-2.093] 0.001* 1.217 [0.906-1.633] 0.192 1.206 [0.899-1.618] 0.211
pN 3.680 [2.410-5.620] <0.001* 2.840[1.791-4.503] <0.001" 2.816 [1.780-4.453] <0.001"
PPIB"E 1.835[1.123-3.000] 0.015" 1.557 [0.948-2.559]  0.080
Ki-67"e" 2.435[1.594-3.72] <0.001" 1.447 [0.912-2.296] 0.116
PPIB"e"/Ki-67"e"  1.524 [1.266-1.833] <0.001" 1.266 [1.036-1.548] 0.021*

HR, Hazard ratio; Cl, confidence interval; *Statistically significant (P<0.05).

mined the PPIB/CypB levels in NSCLC cells
(AB49, PC-9, Calu-3, H460 and H2009), includ-
ing those derived from pulmonary ADC.
Immortalized HBE BEAS-2B cells and non-
transformed HBE 1799 cells were used as con-
trol cell lines. PPIB/CypB was highly expressed
in all cancer cells compared to normal HBE
cells (Figure 4A). To verify the role of PPIB/CypB
in cancer cell proliferation, we transfected siR-
NAs targeting PPIB (siPPIB-#1, -#2 or -#3) into
H460 and PC-9 cells with high levels of PPIB/
CypB (Supplementary Figure 4A and Figure 4B)
and cellular Ki-67 levels were monitored.
Silencing PPIB/CypB expression in H460 cells
led to a significant reduction in cellular Ki-67
levels compared to siGFP-treated cells
(Supplementary Figure 4B and Figure 4C).
Consistently, siPPIB-treated PC-9 cells con-
tained fewer proliferating cells than siGFP-
treated cells as measured by Ki-67 staining
(Figure 4C). In addition, the proliferation of siP-
PIB-treated cells was significantly lower than
that of siGFP-treated cells (Figure 4D). Silencing
of PPIB significantly decreased the colony for-
mation efficacy and migration capacity of H460
and PC-9 cells compared with that of siGFP-
treatment (Figure 4E and 4F). These results
demonstrate that PPIB/CypB may play a key

925

role in the proliferation, colony formation, and
migration of NSCLC cells.

Effect of PPIB/CypB overexpression on onco-
genic properties in NSCLC and HBE cells

To further evaluate the effects of PPIB/CypB
on cell proliferation, the PPIB/CypB expression
vector or control vector (no insert) was trans-
fected into H2009 and 1799 cells, which have
low levels of PPIB/CypB (Figure 5A). Flow
cytometry assays demonstrated that cellular
Ki-67 levels were significantly increased in
PPIB/CypB-overexpressing cells compared to
those in the mock-control groups (Figure 5B).
In addition, overexpression of PPIB/CypB pro-
moted cell proliferation, colony formation, and
migration of H2009 and 1799 cells (Figure
5B-E). These data indicate that PPIB/CypB
expression alone is sufficient to promote the
proliferation, colony formation, and migration
of pulmonary ADC and HBE cells.

Discussion
Although initially known to facilitate immuno-

suppression, CypB has recently been reported
to be expressed in various carcinomas and
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Figure 4. The impact of suppressing PPIB on the proliferation, colony formation, and migration of human NSCLC
cells. (A) Protein level of PPIB in HBE cells (1799 and BEAS-2B) and NSCLC cells (A549, PC-9, Calu-3, H460 and
H2009) was determined by Western blot. 3-ACTIN was included as an internal loading control. Numbers below blot
images indicate the expression as measured by fold change. Graph depicts the experimental quantitation based
on at least three independent experiments. (B-F) H460 and PC-9 cells were transfected with specific siRNA for
GFP (siGFP) or PPIB (siPPIB-#3). (B) PPIB protein level in these cells was determined by Western blot. 3-ACTIN was
included as an internal loading control. Numbers below blot images indicate the expression as measured by fold
change. (C) The proliferation index of these cells, as measured by the mean fluorescence intensity of Ki-67 stain-
ing. Graphs represent three independent experiments performed in triplicate (n=3). (D) Proliferation rate of these
cells. Cells were harvested at the indicated times and counted after trypan blue staining to exclude dead cells. (E)
Colony formation assay. 500 cells were plated in 12 well plates and cultured for 1 week and formed colonies were
stained with crystal violet. (F) The migration ability of these cells was measured using the wound healing assays.
After scratching the confluent cell layer by using pipette tips, photographs were taken at 24 h. All experiments were
performed in triplicate. *P<0.05, **P<0.01 and ***P<0.001 by student’s t-test (two-tailed, unpaired) (C-F). Data
represent the mean * SD.

plays an important role in the malignant pro- migration, invasion, and angiogenesis [23]. Be-
gression of tumors [15]. In NSCLC, it has been cause the PPIB gene, which encodes CypB, is
reported that CypB promotes cell proliferation, expressed at a sufficiently low level, it is com-
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Figure 5. The effect of overexpressing PPIB on the proliferation, colony formation, and migration of NSCLC and HBE
cells. H2009 and 1799 cells were stably transfected with empty vector (no insert) or PPIB expression vector. (A)
FLAG-PPIB protein level in these cells was determined by Western blot. B-ACTIN was included as an internal loading
control. The numbers below blot images indicate the expression as measured by fold change. (B) The proliferation
index of these cells, as measured by the mean fluorescence intensity of Ki-67 staining. Graphs represent three inde-
pendent experiments performed in triplicate (n=3). (C) Proliferation rate of these cells. Cells were harvested at the
indicated times and counted after trypan blue staining to exclude dead cells. (D) Colony formation assay. 500 cells
were plated in 12 well plates and cultured for 1 week and formed colonies were stained with crystal violet. (E) The
migration ability of these cells was measured using the wound healing assays. After scratching the confluent cell
layer by using pipette tips, photographs were taken at 24 h. All experiments were performed in triplicate. *P<0.05,
**P<0.01 and ***P<0.001 by student’s t-test (two-tailed, unpaired) (B-E). Data represent the mean * SD.

monly used as a positive control gene to evalu-
ate RNA quality and is frequently employed as a
reference in RT-PCR. However, the clinicopatho-
logical significance of PPIB expression in NSCLC
tissues has not been studied. In this study, we
observed PPIB expression in formalin-fixed par-

which reflect both genetic and epigenetic
aberrations.

The detailed mechanism of action of PPIB/
CypB in carcinogenesis has not yet been fully
elucidated. It has been reported that PPIB/

affin-embedded NSCLC tissues using a recent-
ly introduced non-radioisotopic RNA-ISH tech-
nology, RNAscope™, and quantified PPIB sig-
nals using computational approaches. This is
the first study to analyze the correlation
between clinicopathological findings and RNA
expression levels of PPIB in NSCLC tissues,
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CypB is crucial for proliferation and colony for-
mation and migration of various cancer cells
[12, 23-25]. Previously, Teng et al. demonstrat-
ed that CypB expression was significantly high-
er in NSCLC tissues than in adjacent normal
samples. CypB has also been reported to pro-
mote cell proliferation, migration, invasion, and
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angiogenesis by regulating the signal transduc-
er and activator of the transcription 3 (STAT3)
pathway, a critical transcription factor that reg-
ulates cellular apoptosis, proliferation, and
metastasis by modulating gene expression
[23]. Jeong et al. presented that hypoxia induc-
es CypB through the activation of transcription
factor 6 in gastric adenocarcinoma [26] and
Kim et al. reported that CypB induced by hypox-
ia stimulates the survival of hepatocellular
carcinoma via a positive feedback loop with
HIF-1a [17]. Consistent with previous reports,
we observed that knockdown of CypB expres-
sion using CypB-targeted siRNA effectively sup-
pressed lung cancer cell proliferation, colony
formation, and migration. Additionally, the over-
expression of CypB in HBE cells promoted cell
proliferation, colony formation, and migration.
These results suggest that CypB plays a crucial
role in both the tumorigenesis and progression
of lung cancer within these cell lines. The lung
cancer cell lines used in this study included
four isolates from ADC (A549, PC-9, Calu-3, and
H2009) and one (H460) from a large cell carci-
noma. Interestingly, H460 cells exhibited the
highest levels of PPIB as indicated by western
blot analysis. Further studies are required to
investigate the clinical impact of PPIB expres-
sion in other histological subtypes of lung
cancer.

The Ki-67 proliferation index, determined using
immunohistochemistry, is extensively utilized
to assess tumor cell proliferation [27] and
holds prognostic and predictive value in various
cancers, including pulmonary adenocarcinoma
[28-31]. In this study, we aim to investigate the
potential correlation between PPIB and Ki-67 in
NSCLC patient samples. There is a significant
correlation between PPIB expression and Ki-67
index in NSCLC tissues. Additionally, height-
ened PPIB and Ki-67 expression levels were
significantly linked to clinical variables associ-
ated with poor outcomes, especially ADC.
Furthermore, our results revealed that PPIB"&"/
Ki-67"e" was an independent indicator of poor
prognosis in pulmonary ADC but not in SCC.
From the perspective of pathogenesis and
associated molecular alterations in lung can-
cer, ADC differs from SCC. ADC may arise from
basally differentiated or undifferentiated stem
cells in the peripheral compartment, whereas
SCC may arise from cells in the central com-
partment. Due to distinct treatment options,
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molecular alterations, and clinical features of
ADC and SCC, proper histological classification
is of increasing importance. The prognostic
impact of PPIB"&"/Ki-67"e" and the association
between high PPIB expression and advanced
stage, disease recurrence, and patient mortali-
ty, seen exclusively in ADC, may suggest that
the role of PPIB/CypB in NSCLC progression
also differs between ADC and SCC. Only a few
studies have investigated the effect of CypB
expression on the clinical outcomes of patients
with cancer. In colon cancer, it has been report-
ed that overexpression of CypB is an indepen-
dent prognostic indicator of poor survival, and
CypB is involved in tumor metastasis-associat-
ed signaling pathways [24].

Meta-analyses of numerous studies performed
on resected NSCLC have suggested that high
Ki-67 values are correlated with poor prognosis
and shorter DFS [7]. However, the informative
value of studies on this issue is limited by the
different Ki-67 clones, use of various Ki-67 cut-
off points, and study cohorts with mixed histol-
ogy [32]. We determined that the most discrimi-
native Ki-67 cut-off point was 23%. Using
these cutoff points, significant correlations
were observed between high Ki-67 expression
and clinicopathological characteristics, includ-
ing male sex, smoking history, poor differentia-
tion, higher tumor stage, and poor outcome of
all NSCLC (Supplementary Table 1) and ADC
(Table 1). Notably, Ki-67 was more frequently
expressed in SCC than in ADC (P<0.001;
Supplementary Figure 2). However, using a cut-
off point of 23%, there was no association
between Ki-67 expression and clinicopatholog-
ical findings in SCC. Moreover, we did not find
the most powerful Ki-67 cut-off value for SCC.
Therefore, we conclude that high Ki-67 expres-
sion is meaningful in ADC but not in SCC, and
that Ki-67 expression varies according to his-
tology. Similarly, a recent study found that Ki-67
was a highly significant and independent pre-
dictor of DFS for pulmonary ADC and adeno-
squamous carcinoma, but not for SCC [31].

A limitation of this study is that it was a single-
institute cohort study, and only a small number
of patients with stage IV disease were included
because only surgically resected NSCLC speci-
mens were collected. Further studies in larger
cohorts may provide insights into the role of
PPIB in the carcinogenesis of NSCLC with het-
erogeneous clinical characteristics.
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In conclusion, we demonstrated that the over-
expression of PPIB/CypB promoted the prolif-
eration, colony formation, and migration of
NSCLC cells. Additionally, we report for the first
time that high PPIB expression as well as high
Ki-67 expression is significantly associated
with poor DFS and OS in pulmonary ADC but not
in SCC. Notably, combined PPIB"e"/Ki-67"en
expression serves as an independent prognos-
tic factor for both DFS and OS, particularly in
ADC. These findings suggest that PPIB/CypB
has the potential to be a therapeutic target and
prognostic indicator for pulmonary ADC.
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Supplementary Figure 1. Representative low (A) and high (B) Ki-67 immunohistochemical expressions in pulmonary
adenocarcinoma.

Supplementary Table 1. Association of PPIB and Ki-67 expression with clinicopathologic characteris-
tics in human NSCLC

PPIB, No. (%) Ki-67, No. (%)
Category (n=431) - -
Low (n=152)  High (n=279) p value Low (n=185) High (n=246)  p value
Age 62.4+8.7 63.5+9.5 0.246 61.5+9.1 64.3+9.1 0.002*
Sex 0.302 <0.001"
Male 100 (65.8) 197 (70.6) 87 (47.0) 210 (85.4)
Female 52 (34.2) 82 (29.4) 98 (53.0) 36 (14.6)
Smoking 0.280 <0.001"
No 58 (38.2) 92 (33.0) 110 (59.5) 40 (16.3)
Yes 94 (61.8) 187 (67.0) 75 (40.5) 206 (83.7)
Histologic type 0.659 <0.001"
AD 102 (67.1) 193 (69.2) 184 (99.5) 111 (45.1)
SqCC 50 (32.9) 86 (30.8) 1(0.6) 135 (54.9)
pT stage 0.131 <0.001"
la-lc 73 (48.0) 119 (42.7) 114 (61.6) 78 (31.7)
lla-llb 51 (33.6) 90 (32.2) 53 (28.6) 88 (35.8)
-1v 28 (18.4) 70 (25.1) 18 (9.7) 80 (32.5)
pN stage 0.052 <0.001"
0 113 (74.3) 182 (65.2) 150 (81.1) 145 (58.9)
-1 39 (25.7) 97 (34.8) 35 (18.9) 101 (41.1)
pM stage 0.028" 0.401
MO 150 (98.7) 263 (94.3) 179 (96.8) 234 (95.1)
M1 2(1.3) 16 (5.7) 6(3.29) 12 (4.92)
Stage 0.015" <0.001"
| 93 (61.2) 148 (53.0) 138 (74.6) 103 (41.9)
I 31(20.4) 51 (18.3) 18 (9.77) 64 (26.0)
1 26 (17.1) 64 (22.9) 23 (12.4) 67 (27.2)
v 2(1.3) 16 (5.7) 6 (3.24) 12 (4.87)
Recurrence 0.044" 0.001"
Absent 114 (75.0) 183 (65.5) 143 (77.3) 154 (62.6)
Present 38(25.0) 96 (34.4) 42 (22.7) 92 (37.4)
Status 0.006" <0.001"
Alive 116 (76.3) 177 (63.4) 145 (78.4) 148 (60.2)
Expire 36 (23.6) 102 (36.5) 40 (21.6) 98 (39.8)

NSCLC, non-small cell lung cancer; AD, adenocarcinoma; SqCC, squamous cell carcinoma. *Statistically significant (P<0.05).
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Supplementary Figure 2. PPIB and Ki-67 expressions in pulmonary adenocarcinoma (ADC) and squamous cell
carcinoma (SCC). (A) The median value of PPIB expression in ADC is 1.45 (range 0.50-2.42) and in SCC was 1.20
(range 0.39-2.33), showing no significant difference. However, (B) Ki-67 expression was more frequently observed
in SCC (median 66.99, range 52.73-77.95) than in ADC (median 17.67, range 10.31-30.67) (P<0.001).

Supplementary Table 2. Association of PPIB and Ki-67 expression with clinicopathologic characteris-

tics in pulmonary squamous cell carcinoma

PPIB, No. (%)

Ki-67, No. (%)

Category - -
No Low (n=50) High (n=86) p value No Low (n=1) High (n=135) p value
Age 136 63.6+86 66.6+77 0.038" 136 73.0xNA 655+8.2
Sex 0.368 1.000
Male 135 49 (98.0) 86 (100.0) 135 1(100.0) 134 (99.3)
Female 1 1(2.0) 0 1 0 1(0.7)
Smoking 1.000 1.000
No 4 1(2.0) 3(3.5) 4 0 4 (3.0)
Yes 132 49 (98.0) 83 (96.5) 132  1(100.0) 131 (97.0)
Differentiation 0.655 0.784
Well 11 3(6.0) 8(9.3) 11 0 11(8.1)
Moderate 94 38 (76.0) 56 (65.1) 94 1(100.0) 93 (68.9)
Poor 31 9 (18.0) 22 (25.6) 31 0 31 (23.0)
pT stage 0.124 0.424
la-Ic 36 15 (30.0) 21 (24.4) 36 0 36 (26.7)
lla-1lb 42 19 (38.0) 23 (26.8) 42 0 42 (31.1)
-1v 58 16 (32.0) 42 (48.8) 58 1(100.0) 57 (42.2)
pN stage 0.783 0.375
0 85 32 (64.0) 53 (61.6) 85 0 85 (63.0)
-1l 51 18 (36.0) 33(38.4) 51 1(100.0) 50 (37.0)
pM stage 0.158 1.000
MO 131 50 (100.0) 81 (94.2) 131 1(100.0) 130 (96.3)
M1 5 0 5 (5.8) 5 0 5 (3.7)
Stage 0.388 0.227
I 54 22 (44.0) 32 (37.2) 54 0 54 (40.0)
Il 43 14 (28.0) 29 (33.7) 43 0 43 (31.9)
1 34 14 (28.0) 20 (23.3) 34 1(100.0) 33(24.4)
v 5 0) 5 (5.8) 5 0 5(3.7)



PPIB in pulmonary adenocarcinoma

Recurrence 0.909 0.294
Absent 96 35(70.0) 61 (70.9) 96 0 96 (71.1)
Present 40 15 (30.0) 25(29.1) 40 1 (100.0) 39 (28.9)
Status 0.168 0.375
Alive 85 35 (70.0) 50 (58.1) 85 0 85 (63.0)
Expire 51 15 (30.0) 36 (41.9) 51 1 (100.0) 50 (37.0)
“Statistically significant (P<0.05).
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Supplementary Figure 3. Kaplan-Meier survival curves for PPIB and Ki-67 expression in squamous cell carcinoma
patients. No significant differences in disease-free and overall survival were observed for PPIB (P=0.691 and 0.091,
respectively) (A, D), Ki-67 (P=0.826 and 0.528, respectively) (B, E), and combined PPIB and Ki-67 expressions
(P=0.704 and 0.214, respectively) (C, F).
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Supplementary Figure 4. Silencing of PPIB decreases cellular Ki-67 level of H460 NSCLC cells. H460 cells were
transfected with siGFP, siPPIB #1, #2, or #3. A. Protein level of PPIB was determined by Western blot. 3-ACTIN was
included as an internal loading control. The numbers below blot images indicate the expression as measured by fold
change. B. The proliferation index of these cells, as measured by the mean fluorescence intensity of Ki-67 staining.
Graphs represent three independent experiments performed in triplicate (n=3). **P<0.01 and ***P<0.001, by

one-way ANOVA. Data represent the mean + SD.



