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Background: Postoperative recurrence is the main cause of a poor prognosis in early-stage

lung adenocarcinoma (LUAD). Factors that can predict recurrence risk are critically needed.

Materials and methods: In this study, we designed a screening procedure based on gene

profile data and performed validation using TCGA and Daping hospital’s cohorts.

Differentially expressed genes (DEGs) between patients with recurrence-free survival

(RFS) <1 year and RFS >3 years were identified, overlapping genes among these DEGs

were selected as candidate biomarkers. A Cox proportional hazards model, immunohisto-

chemistry and Kaplan-Meier survival analysis were performed to validate these biomarkers

in two distinct validation sets.

Results: SFTPB, SFTPD, SFTA1P, HLA-DQB1, ITGB8, ANLN, and LRRN1 were

overlapped both in TCGA and Daping discovery sets. The Cox proportional hazards model

analysis of the TCGA validation set showed that HLA-DQB1 was an independent prognostic

factor for RFS (HR=0.686, 95% CI, 0.542–0.868). Immunohistochemistry and Kaplan-Meier

analysis in Daping validation sets confirmed HLA-DQB1 expression on tumor cells (not

interstitial cells) to be an effective predictor of postoperative recurrence. Further examination

revealed that the level of HLA-DQB1 expression on tumor cells was positively correlated

with CD4- and CD8-positive lymphocyte infiltration into the tumor.

Conclusion: All results indicate that high expression of HLA-DQB1 on tumor cells is a

good prognostic marker in early-stage LUAD, and the mechanism may be related to anti-

tumor immune activity.
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Introduction
Lung cancer is the leading cause of cancer incidence and mortality worldwide, with

2.1 million new lung cancer cases and 1.8 million deaths predicted in 2018.1

Approximately 60% of lung cancer patients are initially diagnosed with

advanced-stage disease, and the 5-year survival rate of this subgroup is only 5%

in Unite States. Among those diagnosed with early-stage disease, approximately

half (30–50%) ultimately die of recurrence.2 Although adjuvant therapy is recom-

mended for stage II and III patients,3 the benefit is limited, and only a 4% increase

in the 5-year survival rate is achieved.4 In clinical practice, we have found that

some patients experience recurrence within one year after curative surgery, with an

extremely poor prognosis. We speculate that this group of patients may have

particular biological characteristics. To maximize the benefit of adjuvant therapy,
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early-stage non-small cell lung cancer (NSCLC) patients

should be selected based on clinical features or biomarkers

before receiving this therapy. Indeed, developing

biomarkers that can categorize patients according to

postoperative recurrence risk is vital to improving the

treatment strategy after complete resection for early-stage

NSCLC.

There have been intense efforts in this field over the past

decade, and a variety of predictive factors (eg, proteins,5

mRNA,6 miRNA,7 DNA methylation8) have been discovered

in succession. However, heterogeneity in patient cohorts,

treatment regimens, and technological platforms, among

other factors, has led to apparently inconsistent results and

only a modest translational impact. To address these issues,

we designed a screening validation study utilizing two

different lung adenocarcinoma (LUAD) cohorts (Figure 1).

In this study, we integrated gene profiles derived from

different platforms and different ethnicities and performed a

validation procedure in two different validation sets, at both

RNA and protein levels, in search for an effective predictor

of postoperative recurrence in early-stage LUAD.

Materials and methods
Patients
The study was conducted in accordance with the

Declaration of Helsinki, and the protocol was approved by

the Ethics Committee of Daping Hospital (2017 number

30). Patients who underwent radical surgery and

histologically confirmed LUAD from 2010 to 2013 at

Daping Hospital were enrolled in this study. Patients who

had an evidence of residual tumor at the resection margin or

lymph node metastasis or dead within 30 days after surgery

were excluded from this study. All patients had provided

written informed consent during hospitalization. Clinical

data were acquired from medical records and telephone

follow-up. Tumor stage was assessed by American Joint

Commission on Cancer (AJCC) 8th Edition Guidelines.9

Recurrence-free survival (RFS) was measured from the

date of surgery until disease relapse or metastasis. LUAD

cases with RFS<1 or >3 years (7 vs 7) were selected to

construct the Daping discovery set; we then constructed the

Daping validation set with 165 pathological stage I-IIIA

patients.

Human transcriptome array
Transcriptome analysis was performed to identify

differentially expressed genes (DEGs) between the

RFS <1 year and >3 year subgroups in the Daping discovery

set (Series GSE121841). Tissue cores with >70% tumor

content were obtained from formalin-fixed and paraffin-

embedded (FFPE) tissue. RNA was extracted from

deparaffinized and proteinase K–treated FFPE tissue

(20–40 mg) using RNA prep Pure FFPE Kit (QIAGEN,

Valencia, CA, USA) according to the manufacturer’s

instructions. The RNA concentration and quality were

assessed by absorbance spectrometry using a NanoDrop

(Thermo Fisher Scientific, Wilmington, DE, USA). We

performed gene expression profiling of 14 FFPE-

derived LUAD tissues using a GeneChip® Human

Transcriptome Array 2.0 (Affymetrix, Santa Clara,

CA, USA); the total RNA input was 500 pg–10 µg.

Data were processed using Affymetrix® Transcriptome

Analysis Console software 3.0.

TCGA data management
We obtained TCGA data for NSCLC adenocarcinoma

from http://gdac.broadinstitute.org and https://genome-can

cer.ucsc.edu. There were 515 patients in the TCGA LUAD

cohort, and RFS information was available for 353.

Patients without disease recurrence and with a follow-up

time of less than 1 year were eliminated. We selected

pathological stage I patients with RFS <1 year and

RFS >3 years (15 vs 22) to construct the TCGA discovery

set. In addition, we constructed the TCGA validation set

with 233 pathological stage I-III A patients. Normalized

RNASeqV2 data and clinical data were matched according

to patient barcodes.

Figure 1 Workflow of the screening and validation procedures used in this study.

Abbreviations: LUAD, lung adenocarcinoma; RFS, recurrence-free survival.
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Immunohistochemistry (IHC)
We followed routine methods of our laboratory for

immunohistochemistry.10 LUAD FFPE tissue samples were

cut into 3- to 5-µm sections and mounted on uncharged glass

slides. The sections were deparaffinized, hydrated, subjected

to antigen retrieval by heating in a steamer for 20 min with

10 mmol/L sodium EDTA (pH 9.0), and treated with 3%

H2O2–methanol solution for 10 min to reduce endogenous

peroxidase activity. The sections were then washed with PBS

and incubated overnight at 4°C with a primary antibody

(HLA-DQB1 GTX113458, GeneTex, Irvine, CA, USA;

CD4 ZA0519 and CD8 ZA0508, ORIGENE, Beijing,

CHINA). The sections were then washed and incubated

with a peroxidase-conjugated anti-rabbit secondary antibody

(Rabbit HRP EnVision TM+, Dako, Glostrup, Denmark) for

30 min at room temperature. After a PBS washing step,

signals were developed with 3,3-diaminobenzidine (DAB)

substrate for 10 min, followed by counterstaining with

hematoxylin (1:4, BioGenex, Fremont, CA, USA) for

2 min. The sections were rinsed in distilled water and

mounted on glass slides before evaluation under a

microscope. For negative controls, FFPE samples were

processed in the same manner, but the primary antibody

was omitted.

Experienced pathologists blinded to the clinical data

jointly examined the immunostained sections by light

microscopy to generate one set of readings (Dong W and

Mengxia L). HLA-DQB1 expression was estimated

according to the staining intensity of cancer cells and

graded as follows: negative, score 0; weak, score 1+;

moderate, score 2+; or strong, score 3+. The number of

CD4- and CD8-positive cells was derived using Image-Pro

Plus software 6.0. We randomly selected 5 microscope

fields and calculated the number of positive-staining cells

and nucleated cells in each field. The percentage of CD4-

or CD8-positive lymphocytes among all nucleated cells in

the tumor tissue was assessed.

Statistical analysis
DEG analysis of the TCGA and Daping discovery sets was

performed using R (3.32) Bioconductor Package limma

and Transcriptome Analysis Console 3.0, respectively.

We used four clinical variables (stage, smoking history,

sex, and age) and seven candidate genes (SFTPB, SFTPD,

SFTA1P, HLA-DQB1, ITGB8, ANLN, and LRRN1) to

construct a Cox proportional hazard regression model for

predicting prognosis. Univariate and multivariate Cox

proportional hazard regression analyses were performed

using SPSS 24. The Kaplan–Meier method was applied

to analyze the association between HLA-DQB1 expression

and survival endpoints, such as RFS. The Wilcoxon-

Mann-Whitney test and χ2 test were employed to assess

differences between two groups. P<0.05 indicated

statistical significance.

Results
Patient characteristics
The demographics of the patients included in the Daping

and TCGA discovery sets are shown in Table 1. Clinical

variables (age, sex, smoking status, tumor size, adjuvant

therapy, and anatomic neoplasm subdivision) were

compared between the RFS <1 year and RFS >3 year

groups using the χ2 test, with no statistically significant

differences for any of the variables.

Table 2 summarizes the clinicopathological characteristics

of the patients enrolled in Daping and TCGA validation sets.

The TCGAvalidation set (n=233) consisted of 137 stage I and

96 stage II-IIIA LUAD patients; the Daping validation set

(n=165) consisted of 131 stage I and 34 stage II-IIIA LUAD

patients. Most patients in the Daping validation set (127/165)

had received postoperative adjuvant therapy, whereas the

status of adjuvant therapy for most of the TCGA validation

set patients was unclear. Nearly half of the patients (80/165) in

the Daping validation set experienced recurrence or metastasis

during follow-up, and the median recurrence-free survival

time was 1,975 days. Approximately 40% of the patients in

the TCGA validation set suffered disease recurrence or

metastasis, with a median RFS of 1,433 days. The mean

follow-up time in the Daping and TCGA validation sets was

1,814 (153–3,034) and 923 (60–6,812) days, respectively.

Candidate gene selection
As shown in Figure 1, we designed a procedure to develop

and validate biomarkers for predicting recurrence risk in

patients with early-stage LUAD. In step 1, we obtained

lists of DEGs between patients with RFS<1 year and those

with RFS>3 years through transcriptome microarray

analysis of the Daping discovery set. In total, 734 genes

matched the criteria (ANOVA P<0.05 and |fold change|

>1.5). In step 2, we analyzed the RNA sequencing data of

the TCGA discovery set using the R limma package and

obtained another list containing 1,258 DEGs, with 229

matching the criteria. In step 3, overlapping genes

(SFTPB, SFTPD, SFTA1P, HLA-DQB1, ITGB8, ANLN,
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and LRRN1) in the two DEG lists were selected as

candidates (Table 3; ATP13A4 was eliminated because of

inconsistent trends in expression changes). The Cox

proportional hazards model analysis employed in the

next validation procedure mainly focused on these genes.

Validation of candidate predictors at the

RNA level in the TCGA validation set
A Cox proportional hazards model was employed to

determine whether these candidate genes are dependent

or independent prognostic factors for RFS in early-stage

LUAD. As shown in Tables 4 and 5, univariate analysis

indicated that all candidate genes were associated with

RFS in stage I LUAD patients; however, only

HLA-DQB1, SFTPB, ANLN, SFTPD and stage reached

significance for early-stage LUAD patients. Multivariate

analysis confirmed only HLA-DQB1 to be an independent

prognostic factor for RFS in both stage I (P=0.002,

HR=0.686, 95% CI, 0.542–0.868) and early-stage

(P=0.044, HR=0.875, 95% CI, 0.768–0.996) LUAD.

Therefore, we conducted further validation focused on

HLA-DQB1.

By evaluating RNA sequencing data of lung

adenocarcinoma in the TCGA database, we found that the

level of HLA-DQB1 mRNA in tumor tissues of LUAD

patients was significantly lower than that in adjacent normal

tissues (Wilcoxon mathced pairs test, tow-tailed t-test

P<0.001) (Figure 2A). An optimal cut-off point (8,871)

for HLA-DQB1 in the TCGAvalidation sets was determined

using the X-Tile program (version 3.6.1).11 The correlation

between the HLA-DQB1 mRNA level and clinical status is

shown in Table 6. Patients exhibiting high expression of the

HLA-DQB1 had significantly lower recurrence rates than

did subgroups with low HLA-DQB1 expression (17.19% vs

47.34% χ2 test P<0.001) (Figure 2B). In addition, Kaplan-

Meier survival analysis showed that HLA-DQB1 gene

expression level was correlated with RFS in both stage I

(P<0.0001, HR=0.2127, 95% CI, 0.1108–0.4081) and early-

stage (P=0.0008, HR=0.4012, 95% CI, 0.2574–0.6255)

Table 1 Clinical characteristics of the Daping and TCGA discovery sets

Daping discovery set n=14 TCGA discovery set n=37

RFS >3 years
(n=7)

RFS <1 years
(n=7)

P-value RFS >3 years
(n=22)

RFS <1 years
(n=15)

P-value

Age at surgery 0.592 0.286

Mean ± SD 54.86±8.87 61.14±10.58 74.72±10.68 63.87±6.23

<60 5(71.43%) 3(42.86%) 9(40.91%) 3(20%)

≥60 2(28.57%) 4(57.14%) 13(59.09%) 12(80%)

Sex 1 0.514

Male 3(42.86%) 4(57.14%) 10 (45.45%) 5(33.33%)

Female 4(57.14%) 3(42.86%) 12 (54.55%) 10(66.67%)

Smoking history 0.559 1

Non-smoker 6(85.71%) 4(57.14%) 8(36.36%) 6(40%)

Smoker 1(14.29%) 3(42.86%) 14(63.64%) 9(60%)

Tumor size 1 0.594

T1 3(42.86%) 3(42.86%) 11(50%) 7(46.67%)

T2 4(57.14%) 4(57.14%) 11(50%) 8(53.33%)

Adjuvant chemotherapy 0.462 –

Yes 5(71.43%) 7(100.00%) 0(0.00%) 5(33.33%)

No 2(28.57%) 0(0.00%) 0(0.00%) 2(13.33%)

Unknown 0(0.00%) 0(0.00%) 22(100.00%) 8(53.34%)

Anatomic subdivision 1 1

Left 3(42.86%) 3(42.86%) 10 (45.45%) 4(26.67%)

Right 4(57.14%) 4(57.14%) 12 (54.55%) 11(73.33%)

Abbreviation: RFS, recurrence-free survival.
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LUAD patients (Figure 2C and D). In the TCGA validation

set, the median RFS of the HLA-DQB1-high group was

longer than that of the HLA-DQB1-low group (undefined

vs 798 days). These results indicate that patients with lower

levels of HLA-DQB1 mRNA had a higher risk of recurrence

after curative surgery.

Validation at the protein level in the

Daping validation set
To further investigate the value of HLA-DQB1 as a

prognostic factor for RFS in early-stage LUAD, IHC was

performed in the Daping validation set. According to staining

results, the HLA-DQB1 protein is mainly located on the cell

membrane of tumor and interstitial cells (Figure S1A).

Moreover, the expression level of HLA-DQB1 varied

among the patients (Figure 3A). The correlation between

tumor HLA-DQB1 protein expression and clinical variables

is shown in Table 6. Although expression level of

HLA-DQB1 in tumor cells appears to be related to sex and

the pathological stage of the disease, this correlation was not

observed upon TCGA verification. Approximately 60%

(98/165) of patients expressed high levels of HLA-DQB1

protein (score 2 or 3) in tumor cells, and these patients had a

lower recurrence rate (34% vs 68% χ2 test P<0.001) than

those with lower levels (score 0 or 1) of HLA-DQB1 protein

expression in tumor cells (Figure 3B).

Kaplan-Meier survival analysis also showed that

patients with higher HLA-DQB1 expression in tumor cells

had a longer RFS than did those with lower

HLA-DQB1 expression (Figure 3C; P<0.0001), and there

was a significant difference in RFS between the

HLA-DQB1 high- and low-expression groups in both

Table 2 Clinical characteristics of the Daping and TCGA

validation sets

Daping validation
set

TCGA
validation set

n=165 n=233

Age (mean ± SD) 59.81±9.03 65.40±9.74

Sex

Male 86(55.13%) 98 (42.06%)

Female 79(44.87%) 135 (57.94%)

Smoking history

Non-smoker 102(61.82%) 92(39.48%)

Smoker 63(38.18%) 130(55.79%)

Unknown 0(0%) 11(4.73%)

Stage

I 131(79.40%) 137(58.80%)

II 30(18.18%) 62(26.61%)

IIIA 4(2.42%) 34(14.59%)

Adjuvant chemotherapy

Yes 127(76.97%) 40(17.17%)

No 30(18.18%) 48(20.60%)

Unknown 8(4.85%) 145(62.23%)

Recurrence or metastasis

Yes 80(48.48%) 91(39.06%)

No 85(51.52%) 142(60.94%)

Median time to recurrence (days)

1,975 1,433

Mean follow-up time (days)

1,814(153–3,034) 923(60–6,812)

Table 3 Overlapping genes in the Daping and TCGA DEG lists

Gene Symbol Description Daping TCGA

GeneFC P-value GeneFC P-value

(3 y vs 1 y) (3 y vs 1 y)

SFTPB Surfactant protein B 17.89 0.0134 2.39 0.0325

SFTPD Surfactant protein D 2.88 0.0168 2.39 0.0234

SFTA1P Surfactant associated 1 1.98 0.0165 2.13 0.0181

HLA-DQB1 Major histocompatibility complex, class II, DQ beta 1 1.61 0.028 1.55 0.0024

ATP13A4 ATPase type 13A4 −1.53 0.0081 1.63 0.0407

ITGB8 Integrin, beta 8 −2.58 0.0017 −1.81 0.0155

ANLN Anillin, actin-binding protein −3.24 0.0237 −1.59 0.0006

LRRN1 Leucine rich repeat neuronal 1 −4.07 0.0194 −1.83 0.0152

Dovepress Zhang et al

Cancer Management and Research 2019:11 submit your manuscript | www.dovepress.com

DovePress
2609

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


stage I and early-stage LUAD (Figure 3D and E). The

median RFS of the low-HLA-DQB1 group was 28 months,

whereas that of the high-HLA-DQB1 group was undefined.

HLA-DQB1 expression in interstitial cells had no signifi-

cant correlation with RFS in LUAD patients (Figure S1B).

HLA-DQB1 expression is associated with

tumor immunity
HLA-DQB1 is an HLA class II beta chain paralog.

Class II molecules are expressed by antigen-presenting

cells and play a central role in the immune system by

presenting peptides derived from extracellular proteins.

It is striking that the HLA-DQB1 protein is expressed

on LUAD tumor cells and associated with RFS in our

study, prompting the question of whether the function

of HLA-DQB1 on tumor cells is similar to that on

APCs and affects antitumor immunity. To reveal the

relationship between tumor-HLA-DQB1 and the antitu-

mor immune response, the mRNA levels of immune-

related genes and the lymphocyte infiltration status

were first determined in the TCGA validation set. As

shown in Figure 4, patients with high HLA-DQB1

levels also had a high lymphocyte infiltration rate and

greater levels of CD4 and CD8 (P<0.0001). GZMK and

GZMH, which mediated cytotoxic functions, were also

positively correlated to HLA-DQB1. Furthermore, we

found a positive correlation between the HLA-DQB1

mRNA level and the cytotoxic immune signature

defined by Davoli.12

Next, we investigated the relationship between tumor

HLA-DQB1 protein levels and CD4- and CD8-positive T

lymphocyte infiltration status by IHC in the Daping

validation set. The results were consistent with the analysis

at the mRNA level in the TCGA validation set: tumors with

higher HLA-DQB1 levels showed greater infiltration of

CD4- and CD8-positive T lymphocytes (Figure 5).

Discussion
According to the recent National Lung Screening Trial,

low-dose spiral computed tomography screening can shar-

ply increase the number of lung cancer cases diagnosed at

an early stage, and thus, more patients will be eligible for

curative surgery.13,14 Accordingly, the problem of post-

operative recurrence is even more important. Considering

that the effect of postoperative adjuvant therapy is

Table 4 patients

Variables TCGA validation set (Stage I n=137)

Univariate analysis Multivariate
analysis

P-
value

HR (95%
CI)

P-
value

HR (95%
CI)

Age 0.444 – 0.092 –

Sex 0.601 – 0.694 –

Smoking

status

0.837 – 0.526 –

Stage – – – –

SFTPB 2.133E-

04

0.844(0.771–

0.923)

0.512 –

SFTPD 0.003 0.866(0.788–

0.952)

0.414 –

SFTA1P 0.001 0.821(0.730–

0.925)

0.545 –

HLA-

DQB1

2.518E-

04

0.715(0.602–

0.850)

0.002 0.686(0.542–

0.868)

ITGB8 0.019 1.194(1.029–

1.386)

0.588 –

ANLN 0.000 1.519(1.214–

1.900)

0.258 –

LRRN1 0.016 1.202(1.035–

1.395)

0.089 –

Abbreviation: RFS, recurrence-free survival.

Table 5 patients

Variables TCGA validation set (Stage I-IIIA n=233)

Univariate Multivariate

P-
value

HR (95%
CI)

P-
value

HR (95%
CI)

Age 0.746 – 0.184 –

Sex 0.728 – 0.972 –

Smoking

status

0.717 – 0.760 –

Stage 0.003 1.483(1.142–

1.925)

0.020 –

SFTPB 0.007 0.906(0.843–

0.973)

0.176 –

SFTPD 0.042 0.927(0.862–

0.997)

0.687 –

SFTA1P 0.057 – 0.838 –

HLA-DQB1 0.005 0.857(0.770–

0.954)

0.044 0.875(0.768–

0.996)

ITGB8 0.552 – 0.427 –

ANLN 0.004 1.252(1.072–

1.462)

0.324 –

LRRN1 0.180 – 0.059 –

Zhang et al Dovepress

submit your manuscript | www.dovepress.com

DovePress
Cancer Management and Research 2019:112610

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


A

C D

B
Recurrence
Non recurrence

82.81 52.66

47.34
17.19

100

50

150

0

***

40000

30000

20000

10000

RFS of TCGA stage I LUAD RFS of TCGA early stage LUAD

HLA-DQB1 High n=38

HLA-DQB1 High n=64

HLA-DQB1 low n=169

HLA-DQB1 Low n=99

P<0.0001
P=0.0008

HR=0.2127(95% CI, 0.1108-0.4081)
HR=0.4012(95% CI, 0.2574-0.6255)

100

80

60

40

20

120

0

100

80

60

40

20

120

0
0 2000 4000 6000
Time of recurrence-free-survival(days) Time of recurrence-free-survival(days)

P
er

ce
nt

 s
ur

vi
va

l

P
er

ce
nt

 s
ur

vi
va

l

8000 0 2000 4000 6000 8000

50000

0
Tumor HLA-DQB1 High

R
ec

ur
re

nc
e 

ra
te

 (%
)

HLA-DQB1 LowNormal

R
N

A
 le

ve
l o

f H
LA

-D
Q

B
1

Figure 2 Correlation between HLA-DQB1 mRNA level and recurrence rate and RFS in the TCGA LUAD cohort.

Notes: (A) The difference in HLA-DQB1 mRNA levels between tumor and adjacent normal tissues in LUAD (***P<0.001). (B) Recurrence rate in the HLA-

DQB1 high-expression group and low-expression group. (C) Kaplan-Meier plots depicting the RFS of patients stratified by HLA-DQB1 mRNA expression in stage

I LUAD in the TCGA validation set (P<0.0001, HR=0.2127, 95% CI, 0.1108–0.4081). (D) Kaplan-Meier plots depicting the RFS of patients stratified by HLA-

DQB1 mRNA expression in early-stage LUAD (P=0.0008, HR=0.4012, 95% CI, 0.2574–0.6255).

Abbreviations: LUAD, lung adenocarcinoma; RFS, recurrence-free survival.

Table 6 Correlation between HLA-DQB1 expression and clinical characteristics in the Daping and TCGA validation sets

HLA-DQB1 Level Daping validation set (n=165) TCGA validation set (n=233) cutoff =8,817

High (n=98) Low (n=67) P-value High (n=64) Low (n=169) P-value

Age 0.051 0.604

Mean ± SD 61.00±7.99 58.00±10.01 66.59±10.57 65.12±10.39

<60 39(39.80%) 37(55.23%) 16(25.00%) 48(28.40%)

≥60 59(60.20%) 30(44.77%) 48(75.00%) 121(71.60%)

Sex 0.004 0.785

Male 42(42.86%) 44(65.67%) 26(40.63%) 72(42.61%)

Female 56(57.14%) 23(34.33%) 38(59.37%) 97(57.39%)

Smoking status 0.328 0.826

Non-smoker 64(65.31%) 38(56.72%) 26(40.63%) 66(39.05%)

Smoker 34(34.69%) 29(43.28%) 35(54.69%) 95(56.21%)

Unknown 0(0.00%) 0(0.00%) 3(4.68%) 8(4.74%)

P Stage 0.019 0.912

I 84(85.71%) 47(70.15%) 38(59.38%) 99(58.58%)

II-IIIA 14(14.29%) 20(29.85%) 26(40.62%) 70(41.42%)

Recurrence or metastasis 2E-05 4E-05

Yes 34(34.69%) 46(68.66%) 11(17.19%) 80(47.34%)

No 64(65.31%) 21(31.34%) 53(82.81%) 89(52.66%)
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Figure 3 (A) Representative examples of HLA-DQB1 expression in tumor cells a: score 3, b: score 2, c: score 1, d: score 0 (100×). (B) Patient recurrence status

in the high- and low-HLA-DQB1 expression subgroups. The recurrence rate was significantly different in the HLA-DQB1-high (34/98) and HLA-DQB1-low

(46/67) subgroups (P<0.0001). (C) Kaplan-Meier plots depicting the RFS of early-stage LUAD patients stratified by tumor HLA-DQB1 staining scores. (D) Kaplan-

Meier plots depicting the RFS of early-stage LUAD patients stratified by HLA-DQB1 expression level. (E) Kaplan-Meier plots depicting the RFS of stage I LUAD

patients stratified by HLA-DQB1 expression level. RFS was significantly worse in patients with low levels of HLA-DQB1 expression (P<0.0001) in the Daping

validation set.

Abbreviations: LUAD, lung adenocarcinoma; RFS, recurrence-free survival.
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Figure 4 Correlation between HLA-DQB1 mRNA level and antitumor immune activity.

Notes: Patients with high levels of HLA-DQB1 expression showed more lymphocytic infiltration in tumors (A). In addition, mRNA levels of CD4 (B), CD8 (C), GZMK (D),

GZMH (E) and the immune score (F) were positively correlated with HLA-DQB1 (***P<0.001).
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minimal,15,16 it is increasingly vital to develop screening

biomarkers that can differentiate early-stage LUAD

patients as high risk or low risk as for recurrence.

Numerous studies have identified prognostic biomar-

kers for NSCLC based on various technologies.5,6,8,17–21

For example, Beer D.G. utilized gene expression profiles

based on microarray analysis to identify a set of genes

that can predict survival in early-stage LUAD.22

Additionally, Robles and his colleague found a prognos-

tic classifier comprising three types of genomic and

epigenomic data that can help guide the postoperative

treatment of stage I LUAD patients at high risk of

recurrence.23 However, due to poor consistency between

different studies and high costs, most gene signature

predictors have not gained sufficient acceptance to

become the standard of care. In our study, we integrated

gene profiles derived from different platforms and dif-

ferent ethnicities and found tumor HLA-DQB1 levels to

be associated with RFS in early-stage LUAD. It is

noteworthy that nearly 80% of the patients in the

Daping validation set had received adjuvant chemother-

apy. Overall, Kaplan-Meier survival analysis showed

that HLA-DQB1 was an effective prognostic factor

regardless of whether the patient received adjuvant che-

motherapy (Figure S2A and B). Furthermore, the result

was validated by IHC using FFPE tissue, which is easy

to perform in clinical practice and relatively

inexpensive.

HLA-DQB1 is a beta chain paralog of HLA class II

molecule which is critical for the immune response.

Previous studies involving HLA-DQB1 have mainly

focused on polymorphisms and cancer susceptibility,24,25

whereas the relationship between HLA-DQB1 expression

level and tumor prognosis has rarely been reported in lung

cancer. The study of He et al26 described HLA class II

protein expression in lung cancer cell lines and patient

tissues and found HLA class II expression by TILs was

correlated with a better prognosis in NSCLC patients. In

He’s study, HLA class II expression levels differed

between squamous cell carcinoma and adenocarcinoma.

CD4 positive lymphocytes infiltration status
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in Daping LUAD

<5%
5-10%
>10%

<5%
5-10%
>10%

100

80

60

40

20

120

0

100

80

60

40

20

120

0
HLA-DQB1 High

HLA-DQB1 High

A

C

B

H&E HLA-DQB1 CD4 CD8

HLA-DQB1 low

HLA-DQB1 HighHLA-DQB1 Low HLA-DQB1 Low

R
at

e 
of

 p
at

ie
nt

s(
%

)

R
at

e 
of

 p
at

ie
nt

s(
%

)

Figure 5 Correlation between HLA-DQB1 protein level and antitumor immune activity.

Notes: (A) Up to 69% of LUAD patients in the high-HLA-DQB1 group had a CD4-positive T cell infiltration rate greater than 10%, with only 43% in the low-HLA-DQB1

group. (B) Approximately one-third of high-HLA-DQB1 patients had a CD8-positive T cell infiltration rate of greater than 10%, with only 8% among low-HLA-DQB1

patients. (C) Representative examples of HLA-DQB1, CD4 and CD8 staining that demonstrated more CD4- or CD8-positive T cell infiltration in tumors with high

expression of HLA-DQB1 (40×).

Abbreviation: LUAD, lung adenocarcinoma.
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In our study we also investigated HLA-DQB1 mRNA

levels in TCGA LUSC cohorts and failed to find a correla-

tion between HLA-DQB1 expression level and RFS in

LUSC. Thus, lung squamous cell carcinoma may be a

confounding factor in NSCLC research. On another

hand, expression of HLA class II by TILs was examined

in He’s study, whereas we only evaluated HLA-DQB1

expression by interstitial cells without using TIL markers

for labeling. Nonetheless, the main results of the two

studies are not conflicting.

HLA class II molecules are typically expressed on

APCs and can be induced or expressed constitutively on

epithelial cells. It has been reported that HLA class II

expressed on epithelial cells can present antigens and

activate CD4+ T cells.27,28 Sconocchia and his colleague

investigated the frequency of HLA class II antigen expres-

sion in colorectal carcinoma (CRC) and found that HLA

class II antigen was associated with a favorable outcome.29

However, unlike in the current study, the antibody they

used was a generic antibody that can recognize HLA-DR,

HLA-DQ, and HLA-DP antigens, and the overall fre-

quency (23%) of expression in CRC was lower than that

in LUAD (>50%). Regardless, the conclusion that HLA

class II antigen expression on CRC tumor cells is a pre-

dictor of a favorable outcome was consistent with our

study. We also found HLA-DQB1 expression on tumor

cells to be a prognostic marker of overall survival

(Figure S2C and D).

Moreover, some in vitro work in Sconocchia’s study

revealed that HLA class II antigen expression on CRC

cells can trigger interleukin-1β production and influ-

ence the antitumor immune response. In the current

study, we also found that GZMK and GZMH, which

mediate cytotoxic functions, were positively related to

HLA-DQB1. Due to the fact that HLA class II mole-

cules expressed by epithelial cells can present antigens

and activate CD4+ T cells, the tumor antigenic poten-

tial may increase when HLA-DQB1 protein levels on

tumor cells increased. Additionally, we observed a

positive correlation between HLA-DQB1 and a cyto-

toxic immune signature, as defined by Davoli.12 In

many studies, tumor-infiltrating lymphocytes (TILs),

especially CD4- and CD8-positive lymphocytes, have

been used as a surrogate of antitumor immune activity

and as a favorable prognostic marker for survival.30,31

In our study, we found that HLA-DQB1 expression

positively correlated with CD4- and CD8-positive lym-

phocyte infiltration in LUAD tumors. It is further

demonstrated that HLA-DQB1 may be associated with

anti-tumor immunity.

In conclusion, HLA-DQB1 protein expression on

tumor cells is a robust predictive biomarker for RFS in

early-stage LUAD, and the mechanism may be related

to antitumor immunity. We speculate that early-stage

LUAD tumors with high HLA-DQB1 protein expression

may present high antigenic potential and trigger the

immune system, especially T cells, with more efficient

elimination of residual tumor cells after curative resec-

tion. In contrast, tumors with low HLA-DQB1 protein

expression may easily escape immune destruction and

ultimately recur. Antitumor immunity is complex, and

further studies are needed to uncover the relationship

with HLA-DQB1 expression. Prospective studies

are also needed to test the clinical utility of HLA-

DQB1.
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Figure S2 (A) Kaplan-Meier plots depicting RFS of early-stage LUAD patients without adjuvant chemotherapy stratified by HLA-DQB1 level (P=0.0027). (B) Kaplan-Meier

plots depicting RFS of early-stage LUAD patients with adjuvant chemotherapy stratified by HLA-DQB1 level (P<0.0001). (C) Kaplan-Meier plots depicting the OS of early-

stage LUAD patients stratified by tumor HLA-DQB1 staining scores (P=0.0005). (D) Kaplan-Meier plots depicting the OS of early-stage LUAD patients stratified by tumor

HLA-DQB1 level (P<0.0001).
Abbreviations: LUAD, lung adenocarcinoma; RFS, recurrence-free survival.
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Figure S1 (A) Representative examples of interstitial cell HLA-DQB1 expression patterns (100X). a: Both tumor and interstitial cells expressed HLA-DQB1. b: Tumor cells

did not express HLA-DQB1, but interstitial cells did. c: Tumor cells expressed HLA-DQB1, and interstitial cells did not. d: Neither tumor nor interstitial cells expressed

HLA-DQB1. (B) Kaplan-Meier plots depicting RFS of Daping LUAD patients stratified by interstitial cell HLA-DQB1 expression. HLA-DQB1 expression in interstitial cells

had no significant correlation with RFS in LUAD patients (P=0.4096).
Abbreviations: LUAD, lung adenocarcinoma; RFS, recurrence-free survival.
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