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Background: This study assessed the predictive value of receptor-interacting protein kinase 3 (RIPK3) 
expression and its correlation with clinicopathological characteristics, disease-free survival, and overall 
survival of patients with cisplatin-based adjuvant chemotherapy after lung adenocarcinoma resection.
Methods: This study included 50 patients who underwent cisplatin-based adjuvant chemotherapy after 
lung adenocarcinoma (stage IB–IIIA) resection. Immunohistochemical analysis was performed by probing 
tumor tissue microarrays with anti-RIPK3 antibody.
Results: High RIPK3 expression was detected in 24 (48.0%) of the 50 patients. Moreover, high RIPK3 
expression was associated with a prolonged disease-free survival (P=0.015) but not with a prolonged overall 
survival (P=0.109) of the patients who underwent cisplatin doublet therapy after lung adenocarcinoma 
resection. We also examined whether RIPK3 expression was associated with prognosis based on 
chemotherapeutic response and found that patients with low RIPK3 expression showed a higher tendency 
of developing a progressive disease [14/26 (53.8%) patients] than patients with high RIPK3 expression [6/24 
(25.0%) patients] (P=0.03). Results of Cox univariate proportional hazards regression model showed that age, 
N stage, and high RIPK3 expression (P=0.04) were associated with the prolonged disease-free survival of the 
patients who underwent cisplatin-based adjuvant chemotherapy after lung adenocarcinoma resection.
Conclusions: These results suggest that RIPK3 overexpression is a potential biomarker to identify patients 
with lung adenocarcinoma who can benefit the most from cisplatin-based adjuvant chemotherapy after 
complete adenocarcinoma resection.
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Introduction

Lung cancer is the leading cause of death worldwide (1). 
Surgical treatment is the best option for treating patients 
with early-stage (stage I or II) non-small cell lung cancer 
(NSCLC). However, the role of surgery in treating 

stage IIIA NSCLC remains controversial. The clinical 
approach for treating patients with stage IIIA NSCLC is 
often determined by a multidisciplinary team comprising 
thoracic surgeons who analyze the number of lymph 
nodes, tumor size, preoperative neoadjuvant therapy, 
and other challenging clinical problems (2). Even after 
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complete tumor resection, patients are at a substantial 
risk of the recurrence of and death due to NSCLC. The 
use of adjuvant chemotherapy has shown survival benefits 
in patients who undergo complete resection of stage II–
IIIA NSCLC. Moreover, advancements in cisplatin-based 
chemotherapy has widely increased its use as an adjuvant 
chemotherapy. A study by an NSCLC collaborative group 
compared the 5-year OS of patients undergoing surgery 
alone with that of patients undergoing surgery plus adjuvant 
chemotherapy and showed that the OS of the patients who 
underwent surgery plus adjuvant chemotherapy arm was 
longer than that of the patients who underwent surgery 
alone [hazard ratio (HR), 0.86; 95% confidence interval 
(CI), 0.81–0.92; P<0.0001] (3). Previous guidelines have 
attempted to prevent adverse effects such as toxicity in 
patients undergoing chemotherapy. However, toxicity 
remains a concern in patients undergoing chemotherapy, 
and not all patients benefit from chemotherapy. Therefore, 
it is important to determine predictive biomarkers of 
adjuvant chemotherapy to identify patients who will benefit 
the most from this therapy.

Receptor-interacting protein kinase 3 (RIPK3), a 
member of RIP serine/threonine family, is a key regulator 
of necroptosis. The human RIPK3 gene is located on 
chromosome 14q11.2 and is implicated in the tumorigenesis 
of several cancers (4,5). However, its clinical significance 
and potential role in the pathogenesis of lung cancer 
have been poorly studied. Recent studies have shown 
that treatment with hypomethylating agents restores 
silenced RIPK3 expression and increases sensitivity 
to chemotherapeutic agents in an RIPK3-dependent  
manner (6). Upregulation of silenced RIPK3 expression 
also restores cisplatin sensitivity, suggesting that RIPK3 
contributes to cisplatin chemosensitivity (7). Based on 
these findings, we examined the role of RIPK3 as a 
potential predictive biomarker of cisplatin-based adjuvant 
chemotherapy in patients who previously underwent 
surgical resection of lung adenocarcinoma (LUAD).

Methods

Patients and clinical specimens

In all, 143 frozen tumor tissue specimens that were surgically 
resected from patients who underwent lobectomies for 
primary LUAD from 2009 to 2015 were provided by the 
Biobank of Pusan National University Yangsan Hospital. 
All the tumor specimens were histologically examined and 
were classified using the 2015 World Health Organization 
International Classification of Lung Tumors (8). Tumor 
tissue microarrays (TMAs) were constructed using two 
tissue cores (diameter, 1 mm) per tumor, specifically tissues 
obtained from central and peripheral tumor areas, after 
performing the histological examination of the 143 LUAD 
specimens at the Pathology Department of the Pusan 
National University Yangsan Hospital. As a part of staging 
work-up, all the patients underwent contrast-enhanced 
computed tomography (CT), molecular resonance brain 
metastasis scans, and positron emission-CT within 1 month 
before the surgery. Patients with invasive adenocarcinoma, 
including lepidic, acinar, papillary, mucinous, and solid 
adenocarcinomas, were included in a conventional 
adenocarcinoma group. Lymphatic and vascular invasion of 
tumor cells was observed in lymphatic and vascular vessel 
lumens, respectively. The following clinical characteristics 
of the patients were analyzed to determine their effect 
on patient survival: age, sex, smoking history, and tumor 
differentiation degree. The clinical and pathological data 
of all the patients were integrated. Of the 143 patients 
who underwent surgical resection for LUAD, 50 patients 
received a cisplatin-based regimen for at least three cycles 
(Table 1). CT scans were performed to evaluate the efficacy 
of the chemotherapy regimen after two to four cycles. 
This study was approved by the Institutional Review Board 
(05-2017-162) of the Pusan National University Yangsan 
Hospital.

Western blotting analysis

The lung tissue samples of the patients were homogenized 
and lysed using PRO-PREPTM Protein Extraction Solution 
(iNtRON Biotechnology, Korea). The lung homogenates 
then were centrifuged, and supernatant obtained was 
collected. Protein concentration of the supernatant was 
determined using a protein assay kit (Bio-Rad, Hercules, 
CA). Next, equal amounts of protein present in the 
supernatant were resolved by performing SDS-PAGE and 
were transferred onto PVDF membranes for performing 

Table 1 Adjuvant chemotherapy regimen in RIPK3 protein high- 
and low- expression groups

Regimen
RIPK3

P value
High (n=24) Low (n=26)

Paclitaxel/CDDP 20 22 0.845

Vinorelbine/CDDP 4 4

CDDP, cis-diamminedichloroplatinum (cisplatin).

https://www.sciencedirect.com/topics/medicine-and-dentistry/chemosensitivity-assay
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immunoblotting analysis. The membranes were blocked 
with 5% skimmed milk in tris-buffered saline containing 
Tween-20 and were incubated with primary antibodies 
against RIPK3 (Cell Signaling Technology, Danvers, 
MA) and β-actin (Santa Cruz Biotechnology, Dallas, TX). 
The bound antibodies were detected using a horseradish 
peroxidase-conjugated secondary antibody (Santa Cruz 
Biotechnology, Dallas, TX), and antigen-antibody 
complexes were visualized using WesternBright ECL HRP 
substrate (Advansta Inc., Menlo Park, CA). Densitometric 
analysis was performed using FluorChem SP AlphaEase® 
FC (version 6.0.0) software (Alpha Innotech, San Leandro, 
CA), and data obtained were normalized using those 
obtained for β-actin.

Immunohistochemical analysis

Immunohistochemical  analysis  of the lung tumor 
specimens was performed using an anti-RIPK3 antibody 
(Thermo Fisher Scientific, Waltham, MA), according 
to the manufacturer’s instructions. The tissue sections 
were counterstained with Mayer’s hematoxylin, and 
immunostaining was visualized using cellSens standard 
(DP21; Olympus Life Sciences, Tokyo, Japan). Staining 
intensity in each slide was scored on a scale of 0 to 3+. 
RIPK3 expression was evaluated based on the staining 
intensity score, with a score of 0 to 1+ indicating low RIPK3 
expression and a score of +2 to +3 indicating high RIPK3 
expression. In case of discrepancy in the staining intensity 
scores, the tissue sections were re-examined by another 
pathologist.

The Cancer Genome Atlas data analysis

In the present study, The Cancer Genome Atlas (TCGA) 
mRNA sequencing datasets of 506 patients with LUAD, 
which are available on cBioPortal online platform, were 
analyzed to determine whether RIPK3 expression level 
affected the prognosis of patients with LUAD.

Statistical analysis

OS and disease-free survival (DFS) were analyzed by 
obtaining Kaplan-Meier plots showing survival probability 
curves with different strata. Cox univariate proportional 
hazard regression models were fitted to identify the effect 
and significance of each factor of interest on survival 
patterns. In the univariate analysis, HRs with 95% CIs were 

determined for each clinical characteristic of the patients.

Results

RIPK3 expression status in patients with LUAD

The predictive significance of RIPK3 was determined 
by performing western blotting analysis. No significant 
differences were observed between RIPK3 protein levels 
between the tumor tissues and paired normal tissues (n=11, 
P=0.877; Figure 1A). However, a variation in RIPK3 
expression levels was observed in the TMAs constructed 
from the tumor specimens obtained from the 143 patients 
with LUAD (high RIPK3 expression, 53 patients; low 
RIPK3 expression, 90 patients; Table 2). The correlations 
between the clinical characteristics of the patients with 
LUAD and RIPK3 expression are summarized in Table 2.

High RIPK3 expression levels are associated with good 
clinical outcomes of patients undergoing cisplatin-based 
adjuvant chemotherapy after complete tumor resection

To confirm the differential RIPK3 expression and its 
correlation with the clinical characteristics of the patients 
with LUAD, we performed immunohistochemical analysis 
of the TMAs constructed from the tumor specimens 
obtained from the 50 patients who underwent cisplatin-
based adjuvant chemotherapy after LUAD (stage IB–
IIIA) resection. Each adenocarcinoma tissue specimen was 
classified into high (RIPK3 staining intensity score of 2+ or 
3+) or low (RIPK3 staining intensity score of <2+) RIPK3 
expression groups (Figure 1B). High RIPK3 expression 
was detected in 48.0% (24/50) TMAs and low RIPK3 
expression was detected in 52.0% (26/50) TMAs (Table 3).

The Kaplan-Meier survival analysis with a log-rank 
test showed a correlation between high RIPK3 expression 
and the prolonged OS; however, the log-rank test of the 
curves showed no significant correlation (Figure 2A). 
Moreover, the Kaplan-Meier analysis showed that RIPK3 
expression was significantly associated with DFS rate (log-
rank test, P=0.015; Figure 2B). However, analysis of the 
TCGA mRNA sequencing data showed that the OS rate 
was higher in the patients showing high RIPK3 expression 
than in those showing low RIPK3 expression (P=0.0061; 
Figure 2C). These results suggest that increased RIPK3 
expression levels are a good predictor of survival in patients 
who undergo cisplatin-based adjuvant chemotherapy after 
surgical LUAD resection.
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Non-tumor   Tumor

Figure 1 RIPK3 expression in human LUAD tissues and adjacent normal epithelial tissues. (A) Western blotting analysis of RIPK3 
expression levels. Proteins obtained from 11 adenocarcinoma tissue (T) specimens and pair-matched normal tissue (N) specimens were 
examined by performing Western blotting analysis. β-Actin was used as an internal control. The experiment was repeated three times 
independently and provided similar results. Values are shown as mean ± SD (n=11 replicates). RIPK3 expression levels in the N and T 
specimens are shown in a box-whisker plot. Significance was calculated using Mann-Whitney U test (P=0.877). (B): (a) representative 
image showing high RIPK3 expression, which was observed in the cytoplasm and nucleus of cancer cells; (b) RIPK3 staining was absent 
or minimal in the tissues showing low RIPK3 expression. Magnification: ×100 in the left panels and ×200 in the right panels. LUAD, lung 
adenocarcinoma.

Table 2 RIP3 immunohistochemical data for lung adeno-NSCLC: association of RIPK3 score with clinical characteristics

Clinical factors
RIPK3

P value
High (n=53) Low (n=90)

Age 0.794

≤65 31 55

>65 22 35

Sex 0.096

Female 17 43

Male 36 47

Smoking Hx 0.375

Current 16 18

Former 8 17

Never 29 55

TNM stage 0.370

Ia 21 35

Ib 14 15

IIa 5 13

IIb 5 4

IIIa 3 13

IV 5 10

NSCLC, non-small cell lung cancer.
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Table 3 Clinical characteristics of patients for RIPK3 protein expression

Clinical factor
RIPK3

P value
High (n=24) Low (n=26)

Age 0.156

≤65 15 15

>65 9 11

Sex 0.808

Female 6 9

Male 18 17

Smoking Hx 0.491

Current 8 5

Former 5 6

Never 11 15

TNM stage 0.08

Ib 13 5

IIa 2 6

IIb 3 3

IIIa 6 12

Degree of differentiation 0.03

Well 1 1

Moderate/well 1 7

Moderate 11 15

Poor 11 3

Lymphovascular invasion 0.496

Positive 8 11

Negative 16 15

Histologic subtype (predominant pattern) 0.288

Lepidic 1 2

Acinar 10 15

Papillary 1 2

Solid 7 6

Invasive mucinous 5 1
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High RIPK3 expression is associated with the positive 
outcomes of cisplatin-based adjuvant chemotherapy

To examine whether RIPK3 was associated with prognosis 
based on chemotherapeutic responses, we examined 
adenocarcinoma samples obtained from the 50 patients who 
underwent the cisplatin-based adjuvant chemotherapy after 
complete LUAD resection (Table 4). RIPK3 immunostaining 
was significantly more intense in the TMAs of patients 
showing complete remission, partial remission, and stable 
disease than in the TMAs of patients showing a progressive 
disease (PD). However, the frequency of developing a PD 
was higher in the patients showing low RIPK3 expression 
(14/26, 53.8%) than in those showing high RIPK3 
expression (6/24, 25.0%). Results of the univariate analysis 
showed that the age (OS: HR, 1.09; 95% CI, 1.03–1.16; 
P=0.004, DFS: HR, 1.09; 95% CI, 1.03–1.16; P=0.003) and 
N stage (OS: HR, 1.71; 95% CI, 1.02–2.85; P=0.04, DFS: 
HR, 1.80; 95% CI, 1.09–2.99; P=0.02) of the patients with 
LUAD were associated with the prolonged OS and DFS, 
whereas the RIPK3 expression status of the patients with 
LUAD was only associated with the prolonged DFS (HR, 
0.32; 95% CI, 0.11–0.98; P=0.04; Table 5). These results 
indicate that RIPK3 expression is significantly associated 

with the prolonged DFS of patient undergoing cisplatin-
based adjuvant chemotherapy after LUAD resection.

Discussion

Cisplatin-based adjuvant chemotherapy alleviates the risk 
of relapse after complete resection in patients with high-
risk stage IB, II, and IIIA adeno-NSCLCs. International 
Adjuvant Lung Cancer Trial examined the effect of cisplatin-
based adjuvant chemotherapy on the survival of patients 
undergoing complete NSCLC resection and reported a 
benefit of 4.1% in the 5-year OS of 1,867 randomized 
patients (9). Another clinical study (JBR.10 trial) assessed 
the benefit of cisplatin-based adjuvant chemotherapy on 
the 5-year OS of patients with early-stage IB or II NSCLC 
and reported that the 5-year OS of the patients receiving 
the cisplatin-based adjuvant chemotherapy improved 
by 15% compared with that of control patients (10). 
However, a long-term follow-up showed that the 5-year 
OS was not significantly different between patients who 
underwent surgical resection plus cisplatin-based adjuvant 
chemotherapy and those who underwent surgical resection 
alone (11). At present, no objective biomarkers besides 
clinical risk factors such as tumor size and lymphovascular 
invasion are available for selecting patients with stage IB 
adeno-NSCLC for administering adjuvant chemotherapy. 
Several biomarkers that predict the benefit of cisplatin-
based adjuvant chemotherapy have been identified to date 
(12,13); however, none of these biomarkers are appropriate 
for clinical use. Therefore, there is a need for determining 
biomarkers that can identify patients who are most likely 
to benefit from adjuvant chemotherapy. In the present 
study, we elucidated the predictive significance of RIPK3 
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Figure 2 The Kaplan-Meier curves obtained using the TMA specimens. The OS (A) and DFS (B) curves of the patients showing high and 
low RIPK3 expression levels who underwent the cisplatin doublet chemotherapy; (C) the OS curves obtained using the TCGA mRNA 
sequencing data. OS, overall survival; DFS, disease-free survival.

Table 4 The relationship between RIPK3 protein expression and 
treatment responses

Response to 
chemotherapy

RIPK3
P value

High (n=24) Low (n=26)

CR + PR + SD 18 12 0.03

PD 6 14
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expression levels in the patients who underwent cisplatin-
based adjuvant chemotherapy after the surgical resection of 
stage IB–IIIA NSCLCs.

Previous studies have shown that RIPK3 expression 
is markedly reduced in cancer tissues compared with 
that in normal tissues, which decreases necroptosis as 
an alternative to cell death in the presence of apoptosis 
resistance (14). Furthermore, the regulation of RIPK3 
expression plays an important role in cancer survival by 
modulating the sensitivity of cancer cells to anticancer 
chemotherapy (15-18). The predictive role of RIPK3 by 
using clinical tissue analyses has not been published to 
date. The present study is the first to examine the RIPK3 
expression status in LUAD tissues and adjacent normal 
tissues by using the TCGA mRNA sequencing data and to 
show no significant difference in RIPK3 expression levels 
between the LUAD tissues and adjacent normal tissues 
(data not shown). The results of immunohistochemical 
analysis performed in the present study are consistent 
with those obtained by analyzing the TCGA mRNA 
sequencing data (n=11, P=0.877; Figure 1A). A recent study 
also reported no statistical difference in RIPK3 expression 
between LUAD tissues and normal tissues (7). However, we 
observed a variation in RIPK3 expression level in the TMAs 
constructed using the surgical specimens obtained from the 
143 patients with LUAD (Table 2).

We assessed the association of high and low RIPK3 
expression with the clinical characteristics, DFS, and OS 
of the 50 patients with operative stage IB–IIIA adeno-

NSCLC who underwent the cisplatin-based adjuvant 
chemotherapy. A recent study reported that mutant RIPK3 
overexpression in esophageal cancer cells restores cisplatin 
sensitivity and that RIPK3 silencing is associated with a 
short OS rate (7). Another study suggested that RIPK3 
is an important independent prognostic indicator of the 
OS and DFS of patients with colorectal cancer (19). The 
Kaplan-Meier curves obtained in the present study showed 
that high RIPK3 expression levels were associated with 
increased OS; however, the log-rank test of the curves 
showed no significant association (P=0.109; Figure 2A). 
Because the present study included a small number of 
patients with LUAD, the TCGA mRNA sequencing data 
were used to investigate the OS of patients with LUAD 
and its association with RIPK3 expression levels in these 
patients. Our results showed that the OS rate of the patients 
showing high RIPK3 expression was higher than that of 
the patients showing low RIPK3 expression (P=0.0061;  
Figure 2C). Moreover, our results showed that the DFS rate 
was significantly higher in the patients showing high RIPK3 
expression than in those showing low RIPK3 expression 
(P=0.015; Figure 2B). We next analyzed whether RIPK3 
expression was associated with the prolonged DFS rate by 
analyzing the chemotherapeutic responses of the patients 
and found that the patients with high RIPK3 expression 
showed lower incidence of PD than those with low RIPK3 
expression (P=0.03; Table 4). In addition, the Cox univariate 
proportional hazards regression model indicated that age, N 
stage, and RIPK3 protein expression status were associated 

Table 5 Univariate analysis of clinical variables and RIPK3 in relation to the OS and DFS

Variable
OS DFS

HR (95% CI) P value HR (95% CI) P value

Age 1.09 (1.03–1.16) 0.004 1.09 (1.03–1.16) 0.003

Gender 1.77 (0.58–5.40) 0.31 1.39 (0.46–4.23) 0.56

Smoking 1.43 (0.56–3.72) 0.45 1.50 (0.58–3.86) 0.40

T stage 0.86 (0.32–2.30) 0.77 0.95 (0.36–2.54) 0.92

N stage 1.71 (1.02–2.85) 0.04 1.80 (1.09–2.99) 0.02

M stage 0.42 (0.34–0.85) 1.52 0.38 (0.33–1.56) 1.46

TNM stage 1.97 (0.76–5.11) 0.16 2.32 (0.90–5.98) 0.08

Lymphovascular invasion 0.77 (0.30–1.95) 0.57 0.93 (0.37–2.36) 0.88

Differentiation 1.02 (0.33–3.10) 0.94 0.80 (0.26–2.44) 0.70

RIPK3 0.45 (0.15–1.37) 0.16 0.32 (0.11–0.98) 0.04

OS, overall survival; DFS, disease-free survival.
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with the prolonged DFS rate of the patients with LUAD 
who underwent the cisplatin-based adjuvant chemotherapy 
after complete tumor resection (Table 5). These results 
suggest that RIPK3, at least partly, is a useful biomarker for 
predicting the response of patients with adeno-NSCLC to 
cisplatin-based adjuvant chemotherapy. However, additional 
large-scale studies should be performed to validate the 
results of our preliminary study and to assesses whether 
RIPK3 is a predictive biomarker associated with the long-
term effectiveness of cisplatin-based adjuvant chemotherapy 
in patients with early-stage LUAD.
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