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SUMMARY

Background: This study aimed to investigate the expression differences and diagnostic value of Pim-1 and RON in
lung cancer patients with benign and malignant pleural effusion.

Methods: Forty lung cancer patients with benign pleural effusion (BPE) and forty with malignant pleural effusion
(MPE) were enrolled. The relative expression levels of Pim-1 and RON mRNA in pleural effusion were measured
using real-time quantitative PCR (RT-qPCR). Receiver operating characteristic (ROC) curve analysis was used to
evaluate the diagnostic performance of Pim-1 and RON.

Results: Compared to the BPE group, Pim-1 expression levels were significantly increased in the MPE group (p <
0.05). RON expression levels were also significantly elevated in the MPE group (p < 0.01). ROC curve analysis re-
vealed that the areas under the curve (AUC) for diagnosing MPE using pleural effusion Pim-1 and RON were
0.646 (95% CI 0.526 - 0.766) and 0.809 (95% CI 0.715 - 0.904), respectively. The AUC for the combined detection
of Pim-1 and RON was 0.853 (95% CI 0.773 - 0.934).

Conclusions: Pim-1 and RON are highly expressed in malignant pleural effusion, suggesting a role in lung cancer
metastasis to the pleural cavity. Detection of Pim-1 and RON in pleural effusion demonstrates potential diagnostic
value for MPE.
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Lung cancer is one of the most common malignancies
worldwide with high incidence and mortality rates.
Global statistics from 185 countries reported approxi-
mately 1.8 million lung cancer deaths in 2022, account-
ing for 18.7% of all cancer deaths [1]. Its high invasive-
ness and early occult symptoms often lead to diagnosis
at advanced stages, resulting in a poor prognosis. Pleur-
al effusion is a common complication in lung cancer pa-
tients. Malignant pleural effusion (MPE) is present at
initial diagnosis in 10 - 15% of non-small cell lung can-
cer (NSCLC) patients and ultimately develops in 50%
of NSCLC cases due to pleural metastasis [2]. Differ-
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entiating between benign pleural effusion (BPE) and
MPE is crucial for clinical management. MPE indicates
tumor progression or metastasis and is associated with
significantly shortened survival, whereas BPE requires
different therapeutic strategies. Conventional cytologi-
cal examination has limited sensitivity (50 - 60%) [3],
attributed to overlapping cytological features between
tumor cells, reactive mesothelial cells, and scarcity of
malignant cells in early metastasis or post-treatment ef-
fusions. Therefore, identifying highly specific molecu-
lar biomarkers is urgently needed to improve diagnostic
accuracy.

Pim-1, a serine/threonine kinase and proto-oncogene,
promotes tumor cell proliferation, survival, and inhibits
apoptosis [4]. RON (Recepteur d'Origine Nantais), a
member of the MET receptor tyrosine kinase family,
binds exclusively to macrophage-stimulating protein
(MSP) and regulates cell motility, migration, invasion,
and tubule formation [5]. Studies indicate that Pim-1
and RON are highly expressed in a variety of tumors
and are closely related to tumor metastasis and poor
prognosis [6-9]. This study aimed to analyze the expres-
sion differences of Pim-1 and RON in pleural effusion
from lung cancer patients with BPE or MPE and evalu-
ate their diagnostic value.

MATERIALS AND METHODS

Subjects

Eighty lung cancer patients with pleural effusion ad-
mitted to our hospital between January 2024 and March
2025 were enrolled. Based on cytological examination
results, they were divided into: 1) malignant group
(MPE, n = 40): cytopathology confirmed malignant
cells in pleural effusion; and 2) benign group (BPE, n =
40): cytopathology showed no malignant cells in pleural
effusion. All patients had radiologically or ultrasonog-
raphically confirmed pleural effusion.

The exclusion criteria were: 1) Patients receiving corti-
costeroids or immunosuppressants; 2) patients who had
undergone radiotherapy or chemotherapy; 3) patients
with major organ dysfunction, hematological, or im-
mune diseases. There were no significant differences in
age or gender between the two groups (p > 0.05). This
study was approved by the hospital’s Ethics Committee,
and informed consent was obtained from all partici-
pants.

Instruments and reagents

Instrument: ABI 7500 Real-Time PCR System (Applied
Biosystems, USA).

Reagents: ReverTra Ace qPCR RT Master Mix with
gDNA Remover (cDNA synthesis kit, FSQ-101, Toyo-
bo Life Science, Japan).

Pleural effusion collection and processing
Pleural effusion was collected by thoracentesis per-
formed by clinicians and was promptly delivered to the

laboratory. Processing: 50 pL magnetic bead enzyme
was added to the extraction kit. Then, 300 mL of fresh
pleural effusion was aspirated. The kit was placed in an
RNA extraction instrument. Total RNA was extracted
and stored at -80°C.

Detection methods

Total RNA concentration and purity were measured.
RNA samples were stored at -70°C until analysis. RT-
gPCR was performed to measure Pim-1 and RON
mRNA expression levels.

Reverse transcription (RT): RT was conducted using 20
pL reaction volume. Step 1: 65°C for 5 minutes, ice
bath for 2 minutes. Step 2: 37°C for 50 minutes, 98°C
for 5 minutes. cDNA was stored at -30°C. For Pim-1
qPCR analysis, the initial denaturation step was per-
formed at 95°C for 2 minutes, followed by 45 cycles of
95°C for 10 seconds and 60°C for 32 seconds. For
RON, the initial denaturation was carried out at 95°C
for 1 minute, followed by 40 cycles of 95°C for 15 sec-
onds and 60°C for 40 seconds. Melting curve analysis
followed. Each sample was tested in duplicate. GAPDH
was used as the endogenous control. Relative expres-
sion levels were calculated using the 2"*(-AACt) method.
The target gene primers are shown in Table 1.

Statistical analysis

Data analysis was performed using SPSS 26.0. Continu-
ous data with non-normal distribution are presented as
median (interquartile range, IQR) and were compared
using the Mann-Whitney U test. ROC curve analysis as-
sessed the diagnostic performance of Pim-1, RON, and
their combination for MPE. A p-value < 0.05 was con-
sidered statistically significant.

RESULTS

Baseline clinical characteristics

There were no significant differences in age or gender
between the MPE and BPE groups (p > 0.05). Among
tumor markers, squamous cell carcinoma antigen (SCC)
showed no significant difference (p > 0.05). All other
markers (CEA, CA125, CA199, CA153, CYFRA 21-1)
were significantly elevated in the MPE group (p < 0.01)
(Table 2).

Expression levels of Pim-1 and RON

Pim-1 and RON expression levels were significantly
higher in the MPE group compared to the BPE group
(Pim-1: p <0.05; RON: p <0.01) (Table 3).

Diagnostic performance of Pim-1 and RON for MPE
ROC curve analysis showed that Pim-1 alone had an
AUC of 0.646 (95% CI: 0.526 - 0.766, p = 0.024) for
diagnosing MPE. RON alone had an AUC of 0.809
(95% CI: 0.715 - 0.904, p < 0.001). The combination of
Pim-1 and RON achieved a higher AUC of 0.853 (95%
CI: 0.773 - 0.934, p < 0.001) (Table 4, Figure 1).
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Table 1. The sequence of target gene primers.

Pim-1 and RON in Lung Cancer Pleural Effusion

Primer name Primer sequence (5' to 3")
PIM1-F GGGGATCCTGCTGTATGATATGG
PIM1-R TGCTGACATTCTGAAGAGACCCT
RON-F GCCTAAGGGCATGGCATTTC
RON-R TGTGGGGGTGGAACTCAGTA

p-actin-F TGAGCGAGGCTACAGCTT
p-actin-R TCCTTGATGTCGCGCACGATTT

Table 2. Clinical characteristics and tumor markers of the malignant and benign groups.

Parameter Benign group (n = 40) Malignant group (n = 40) Z/y? value p-value
Age [years, M (IQR)] 73.50 (53.00, 65.00) 78.50 (49.00, 69.50) -1.584 0.114
Male [n (%)] 23 (57.5%) 17 (42.5%) 1.8 0.18
CEA [pg/L, M (IQR)] 1.84 (1.13,5.11) 146.41 (29.08, 1,500.00) -5.865 <0.001
CA125 [U/mL, M (IQR)] 553.3 (295.7, 1,664.9) 1,506.1 (601.4, 3,857.4) -2.891 0.004
CA199 [UmL, M (IQR)] 2.31 (2.00, 6.39) 278.31 (17.39, 1,200.00) -5.274 <0.001
CA153 [UmL, M (IQR)] 6.0 (3.1,16.7) 85.7 (10.0, 210.8) -5.002 <0.001
CYFRA 21-1 [ng/mL, M (IQR)] 2.29 (1.33, 4.16) 9.36 (4.74, 26.08) -5.802 <0.001
SCC [ng/mL, M (IQR)] 2.29 (1.33, 4.16) 1.0 (0.55, 4.16) -0.716 0.474

CEA carcinoembryonic antigen, CA125 carbohydrate antigen 125, CA199 carbohydrate antigen 19-9, CA153 carbohydrate antigen 15-3,
CYFRA 21-1 cytokeratin 19 fragment, SCC squamous cell carcinoma antigen. * Values below the detection limit were assigned the lower limit

value; values above the detection limit were assigned the upper limit value.

Table 3. Comparison of Pim-1 and RON expression levels [median (IQR)].

Group n Pim-1 expression RON expression
Malignant 40 1.003 (0.489, 1.943) 0.857 (0.215, 1.570)
Benign 40 0.558 (0.368, 1.249) 0.143 (0.061, 0.320)
Z-value -2.252 -4.743
p-value <0.05 <0.01

Table 4. Diagnostic performance of pleural effusion Pim-1 and RON alone and in combination for lung cancer with malignant

pleural effusion.

Biomarker AUC Std. error p-value 95% CI lower 95% CI upper
Pim-1 0.646 0.061 0.024 0.526 0.766
RON 0.809 0.048 <0.001 0.715 0.904

Pim-1 + RON 0.853 0.041 <0.001 0.773 0.934
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Figure 1. ROC curves for Pim-1, RON, and their combination in diagnosing lung cancer with malignant pleural effusion.

DISCUSSION

Pim-1 and RON, key molecules in tumor-related signal-
ing pathways, play crucial roles in lung cancer prolifer-
ation, invasion, and drug resistance. Pim-1, a serine/
threonine kinase, regulates cell cycle progression, inhib-
its apoptosis, and promotes metabolic reprogramming
by phosphorylating downstream targets. Pim-1 is also
implicated in immune suppression within the tumor mi-
croenvironment, potentially promoting immune escape
by modulating T-cell function [10]. RON, belonging to
the MET receptor tyrosine kinase family, binds MSP.
Its aberrant activation induces epithelial-mesenchymal
transition (EMT) via PI3K/AKT and MAPK/ERK path-
ways, enhancing lung cancer cell migration and inva-
sion [11]. Knockdown of RON significantly reduces
cancer cell viability and motility, highlighting its poten-
tial as a therapeutic target.

This study demonstrates significantly higher expression
levels of both Pim-1 and RON in MPE compared to
BPE. Pang et al. reported that Pim-1 was upregulated in
66.2% of NSCLC tissues and its overexpression corre-
lated with advanced tumor stage (p = 0.019) and lymph
node metastasis, indicating its critical role in promoting
cancer progression and invasion [12]. Functionally,
Pim-1 knockdown suppressed NSCLC cell prolifera-
tion, migration, and cell cycle progression by downreg-
ulating Cyclin D1 and CDK4, further supporting its on-
cogenic properties [13]. Similarly, RON is overex-
pressed in lung cancer tissues with further elevation in

metastatic lesions. Its kinase-activated form correlates
with total RON levels, and RON ablation impairs cell
viability and motility, underscoring its role in lung can-
cer progression and metastasis [11]. Kim [14] linked
high RON expression to solid growth patterns and pleu-
ral invasion in lung adenocarcinoma. Our ROC analysis
confirms the diagnostic potential of both markers, with
RON (AUC = 0.809) outperforming Pim-1 (AUC =
0.646). Importantly, their combination yielded a higher
AUC (0.853), suggesting a multi-marker strategy en-
hances diagnostic accuracy for MPE.

This study has limitations: the single-center design and
relatively small sample size may limit generalizability.
Future multi-center studies with larger cohorts are need-
ed. Further stratification of the MPE group by histolog-
ical subtype (e.g., adenocarcinoma vs. squamous cell
carcinoma) would also be valuable.

In conclusion, this study reveals the overexpression of
Pim-1 and RON in MPE associated with lung cancer
and highlights their combined potential as auxiliary di-
agnostic biomarkers for distinguishing MPE from BPE,
offering a non-invasive approach.
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