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Abstract

Background: Currently, there are no molecular biomarkers for the early detection of
non-small-cell lung cancer (NSCLC). This study focused on identifying RNAs found on
tumor-educated blood platelets (TEPs) for detecting stage | NSCLC.

Methods: Platelet RNAs, isolated from the blood of 9 patients with NSCLC (stages | and Il) and 8
healthy controls, were analyzed using RNA-seq. ITGA2B was selected as a candidate marker. Two
different Polymerase Chain Reactions (PCR) were used to measure ITGA2B in platelet samples
from healthy controls (n = 150), patients with NSCLC (n = 243), and patients with benign pulmonary
nodules (n = 141) in two cohorts.

Results: Platelet ITGA2B levels were significantly higher (p < 0.001) in patients with NSCLC than in
all controls. The diagnostic accuracy of ITGA2B was area under the curve (AUC) of 0.922 [95%
confidence interval (Cl), 0.892-0.952], sensitivity of 92.8%, and specificity of 78.6% in the test cohort
and 0.888, 91.2%, and 56.5% in the validation cohort for NSCLC by quantitative real time PCR
(g-PCR). Furthermore, ITGA2B maintained diagnostic accuracy for patients with NSCLC using
Droplet Digital PCR (ddPCR) and the other type of internal control, Ribosomal Protein L32 (RPL32)
[ddPCR: 0.967 (0.929-1.000) and RPL32: 0.847(0.773-0.920)]. A nomogram incorporating ITGA2B,
carcinoembryonic antigen (CEA) and stage could predict the overall survival (C-index = 0.756).

Conclusions: TEP ITGA2B is a promising marker to improve identification of patients with stage |
NSCLC and differentiate malignant from benign lung nodules.

Key words: NSCLC, diagnosis, survival, tumor-educated blood platelets, ITGA2B

Introduction

Lung cancer is one of the most common causes of
death in the world[1, 2]. Non-small cell lung cancer
(NSCLC) is the main type of lung cancer which
generally consists of two histological types:
adenocarcinoma (ADC) and squamous cell carcinoma

(SqCCQ). Like other cancers, the majority of cases (67 %)
are detected at an advanced stage[3]. Delayed
diagnosis results in elevated mortality, NSCLC
patients found at stage I or II have a survival rate of
71%, whereas < 2% for the stage IV patients.
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Low-dose computed tomography (LDCT) screening is
developed for the screening of lung cancer in
high-risk individuals[4, 5], and this approach has
suggested a sensitivity of 93.8% and a reduction in
mortality of 20%. However, LDCT lacks the specificity
to identify indeterminate pulmonary nodules (IPNs),
which results in high rate of false-positive results (up
to 96%)[6]. Some of the benign patients received
transthoracic needle lung biopsy, which may lead to
pneumothorax requiring chest tube[7], and a high rate
(24%) of them undergo nontherapeutic operations[6].
Moreover, repeated computed tomography (CT)
scanning may cumulate radiation, thus increases the
concern of an elevated risk of developing
radiation-related cancer.

The most rationale solution to early detection
and improve the specificity of screening is to discover
reliable markers which are capable of early detecting
and differentiating malignant from benign lung
nodules through simple blood tests[8]. CEA is the
most common used serum biomarker for cancer
screening and the diagnosis of NSCLC, cytokeratin-19
fragment (CYFRA21-1) is also applied in NSCLC
detection clinically[9-12]. However, the low
sensitivity and incremental concentrations in benign
diseases hamper their application[3, 11, 13-18].
Reliable and novel diagnostic biomarkers, particularly
those shed directly from tumor cells are in urgent
need to improve clinical outcomes.

Platelets, the second most-abundant cell type in
peripheral blood, have the basic functions in
coagulation and haemostasis[19]. Platelets are a
fundamental component of the tumor
microenvironment and serve as local and systemic
respondents during tumor initiation and tumor
metastasis[20], thus being exposed to tumor-mediated
platelet education, and leading to changed platelet
behavior. TEPs broadened the spectrum of liquid
biopsy applications, and may enable blood-based
cancer  diagnostics[21]. In the aspect of
implementation for early detection of cancer, it has
been reported that thromboSeq, the highly
multiplexed TEPs signature detection platform, may
enable blood-based cancer diagnostics[22, 23].
However, these reports had some limitations, such as
rare early stage patients involved, absence of controls
with benign pulmonary nodules, and assessments
being done via self-learning support vector machine
(SVM)-based algorithms, that means, multiple
negative factors including global availability of the
technology and cost limits their application in
screening. Therefore, we designed a simple PCR
based study to assess the TEP mRNA and evaluated
their accuracy in early detection of NSCLC. This

simple, but accurate test would provide new insights
in NSCLC screening.

Materials and Methods

Ethical statement

This study was reviewed and approved by the
Institutional Review Board and Ethics Committee of
Sun Yat-Sen University Cancer Center (SYSUCC),
Guangzhou, China (GZR2017-186). For patients
treated in our center, as a general standard procedure,
we will get their written informed consent for the use
of clinical parameters and collected samples for
further studies at the time of patients” admission. The
records were anonymous and de-identified before
use.

Study design

Our study had four progressive stages:
candidates selection stage, the test, the validation
stage and prognostic analysis, seen in Figure 1. For the
initial screening, we performed an RNA-seq and
selected potential TEP markers based on expression
difference and functionality, and verified their
discriminatory power using q-PCR. Next, platelet
mRNAs verified were measured in test cohort. Data
thus collected were combined with the currently most
used screening marker, CEA to yield a diagnostic
model. In the validation stage, the diagnostic panel
built in the test stage was verified in another
independent cohort, an absolute quantification
methodology: ddPCR and a different internal control
gene, RPL32. At last, we integrated certain TEP
mRNA and clinical parameters to create a nomogram,
and evaluated the effect of predicting the OS rate of
patients with NSCLC.

Patient cohort and platelets collection

17 platelets from 9 NSCLC (8 stage I and 1 stage
II) and 8 healthy controls (HC) were collected for
RNA-seq. The preliminary screening group included
22 patients with NSCLC, 10 patients with benign
pulmonary nodules (BPN), and 15 HC, the details
were listed in the supplementary materials. We
consecutively enrolled 152 NSCLC patients, 109 BPN,
and 97 HC to a test cohort. An independent validation
cohort comprising 91 patients with NSCLC, 32 BPN,
and 53 HC was recruited. The 108 ddPCR (60 NSCLC,
16 BPN, and 32 HC) and 109 RPL32 (65 NSCLC, 28
BPN, and 16 HC) validation group samples were
selected from the test cohort randomly. All the
platelet and serum samples were collected at the
SYSUCC between 2015 and 2016.
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Figure 1. Study profiles. NSCLC: non-small cell lung cancer; BPN: benign pulmonary nodules; HC: healthy controls; K-M analyses: Kaplan-Meier analyses; q-PCR: quantitative

real-time PCR; ddPCR: Droplet digital PCR

We included the patients with NSCLC with the
following criteria: pathologically diagnosed with
NSCLC by two independent observers; no history of
anti-neoplastic therapy, such as chemotherapy, or
radiotherapy; no second carcinoma and the absence of
clinical evidences of infection or other inflammation
within 1 month, as determined from routine
laboratory tests, ultrasonographic examination, CT,
and the clinical history. The tumors were staged
according to the AJCC 7th edition tumor-node-
metastasis (TNM) classification and staging system.
After completion of therapy, patients were
prospectively followed with physical examination
and CT of the chest every 3 months at our outpatient
department for the first 2 years, then annually. The
last follow-up was on September 11th, 2018.

All  selected patients with BPN were
pathologically diagnosed or confirmed using CT, and
subsequently monitored for more than 2 years via CT
screening without evidence of nodule growth, clinical
diagnosis of cancer and a history of previous cancer or
chemotherapy. None of the enrolled healthy controls
suffered from pulmonary diseases, any inflammatory
diseases or other diseases, according to a physical
examination, including routine laboratory tests,
ultrasonographic examination, and CT.

Platelets were isolated from 2ml whole blood in
purple-cap BD Vacutainers containing EDTA
anti-coagulant. To minimize effects of long-term
storage of platelets at room temperature and loss of

platelet RNA quality and quantity, samples were
processed within 24 hours after blood collection.
Samples for both test and validation cohort were
collected and processed similarly and simultaneously.

Collected blood samples were centrifuged at
100g for 20min to obtain platelet-rich plasma (PRP).
Subsequently, the plasma was centrifuged at 10,000g
for 20min. The platelet pellet was resuspended in
30pL RNAlater (LifeTechnologies, Carlsbad, CA) and
frozen at -80°C for subsequent use. Platelet purity and
quantity was verified by morphological observation
of randomly selected and the Sysmex XN2000
haematology analyser with both the sheath flow
direct current (DC) detection and PLT-fluorescent
method.

Serum samples were centrifuged at 3000g for
10min and stored at -80°C wuntil use. The
concentrations of CEA and CYFRA21-1 in the serum
were measured using electrochemiluminescence
immunoassay (ECLIA) kits on a Roche E602 (Roche,
German).

RNA-seq analysis

1 mL Trizol reagent (Invitrogen, USA) was
added to the 17 platelets. RNA was extracted
following the Trizol reagent manual. RNA was
precipitated in 1:1 isopropanol (v/v) and 1pL
glycogen at -20°C overnight. mRNA library was
constructed using MGIEasy mRNA library kit
following the manufacturer’s instructions. Libraries
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were sequenced on an MGI-seq-2000 sequencer for 50
cycles. Reads passed the MGI quality filters were kept
for the subsequent analyses. Adapters were trimmed
from the reads, and the reads shorter than 17 nt were
discarded. The reads were mapped to the human
mRNA  reference database using FANSe3
algorithm[24] on Chi-Cloud NGS Analysis Platform
(Chi-Biotech Co. Ltd., Shenzhen, China). The quantity
of gene expression was calculated by the RPKM
method (Reads Per Kb per Million reads). The genes
with FDR less than 0.01 and change fold more than 2
were considered as the DEGs. Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis were conducted by topGO

(version 2.18.0) (http://www.bioconductor.org/
packages/release/bioc/html/topGO.html) and
KOBAS  (kobas3.0)[25], respectively. DEG-GO-

pathway correlation network was established through
Cytoscape (http:/ /www.cytoscape.org).

Quantitative real time PCR (q-PCR) and
Droplet digital PCR (ddPCR)

Total RNA was extracted following the TRIzol
reagent manual and reverse trascribed with the
SuperScript II reverse transcriptase (Invitrogen, USA).
B -actin was used as an internal control, and RPL32
was also applied in the validation stage. g-PCR was
done with a SYBR green-based assay in a
LightCycler® 480 II system (Roche, German). The
cycling conditions were 5 min at 95°C, 40 cycles of 10 s
at 95°C, 10 s at 57°C, 10 s at 72°C, with a final
extension of 10 min at 72°C. Relative expression levels
of mRNA were calculated based on the threshold
cycle (Ct) values, corrected by B-actin expression, with
the 274¢t equation. The following primers were used:
ITGA2B (GenBank NM_000419.4) forward primer:
5-CTTTGACCTCCGTGATGAGACC-3’; reverse
primer: 5-CAGTCTTTTCTAGGACGTTCCAGTG-3;
SELP (GenBank NM_003005.3) forward primer:
5-TGGCAAGTGGAATGATGAGC-3’; reverse
primer: 5-GCAGGTGTAGTTCCCGATGG-3; B
-actin  (ACTB, GenBank NM_001101.3) forward
primer: 5-CTGGAACGGTGAAGGTGACA-3,
reverse  primer: 5-AAGGGACTTCCTGTAACA
ATGCA-3, RPL32 (RPL32, GenBank NM_000994.3)
forward primer: 5-TCAAGGAGCTGGAAGTGCTG-
3, reverse primer: 5-CATTGGGGTTGGTGACTC
TG-3’, more primers were shown in the
supplementary. Ten microliters real-time PCR
reaction system containing 4pl diluted cDNA product
(1:5 in H20O), 5pl SYBR green mix (Roche, German),
1pl diluted primer mix (1:40 in HxO). All the
experiments were done in triplicate. 8 -actin CT value
2 30 samples were excluded in our study as their low
RNA concentration.

DdPCR was performed on QX200(Bio-Rad, USA)
in an EvaGreen program. The reaction mixture was
prepared with a 10 4 L 2xQX200 ddPCR EvaGreen
supermix, 8 41 cDNA, 2 u 1 diluted primer mix (1:40 in
H>0O) in a final volume of 20 1. Each reaction load
into Cartridge followed by 70 1 L of oil into the wells.
After droplet generation with the QX200 Droplet
generator, transfer droplets into a 96-well plate. The
plate was sealed with foil and proceed to thermal
cycling in an Eppendorf thermocycler, and an initial
enzyme activation step (95°C, 5 min) was followed by
40 cycles of 95°C for 15 s and 60°C for 1 min. Signal
stablization was 4°C for 5 min and 90°C for 5 min.
After thermal cycling, place the plate in the QX200
Droplet Reader. The data were analyzed using
absolute  quantification = according to  the
manufactures’ instruction. S -actin quantitation was
diluted by 100 fold because copy number higher than
the limit of detection. All samples droplets events >
10000 were further diluted and confirmed in the
ddPCR assay. Both of data were normalized to 8
-actin to determine the relative mRNA levels in
platelets. The coefficient of variation (CV) of
intra-assay and inter-assay of both PCR assay was less
than 12%.

Statistical analysis

Statistical analyses were performed with the
SPSS 230 (SPSS Inc) and R version 3.4.0
(http:/ /www.R-project.org/). Differences between
NSCLC group and control were tested with the
Mann-Whitney U  test.  Receiver  operating
characteristics (ROC) curves were established to
evaluate respective AUCs, sensitivity, and specificity.
We considered the value with the maximization of the
Yuden index as the cut-off value. To combine the
biomarkers and assess their complementary effect, a
new variable was estimated to predict the probability
(p) for NSCLC on the basis of an equation obtained by
binary logistic regression (all NSCLC versus all
controls). The correlation between TEP ITGA2B and
SELP mRNA and clinicopathological characteristics
was analyzed with Pearson’s x2 test or Continuity
Correction. The Spearman’s rank correlation
coefficient was used to compare the relationship
between ITGA2B and SELP mRNA and the results
generated by the two PCR methods and two internal
control. Medcalc were used to compare the ROC of
CEA, ITGA2B and their combination. The duration of
OS was calculated from diagnosis of malignancy until
study completion or until death. We used the
Kaplan-Meier method to evaluate OS and calculate
the 95% ClIs. To estimate the survival difference, the
univariate and multivariate analyses were executed
using the Cox proportional hazards model and were
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shown as hazard ratios (HRs) and 95% Cls. All
variables in the multivariable model were enrolled to
construct a prognostic nomogram model by the rms
package. Calibration of the nomogram for 1- and
2-year OS were executed by comparing the predicted
survival and observed survival. The discriminative
ability and predictive accuracy of the established
nomogram were assessed by C-index and decision
curve, and were compared with the traditional TNM
staging system, CEA, or ITGA2B. All statistical tests
were two-sided, and we consider p < 0.05 as
statistically significant.

Results

The preliminary screening phase

We refined the candidates from the RNA-seq
DEGs as Figure 1 and Table S1 shown. There were
1220 upregulated and 570 downregulated DEGs
based on an analysis of the RNA transcriptomes of 9
patients with early NSCLC and 8 healthy controls
(Figure 2A). Unsupervised hierarchical clustering
based on the DEGs distinguished NSCLC from HC
with minor overlap (Figure 2B). GO analysis revealed
that the increased TEP mRNAs were enriched for
biological processes such as location, transport and
platelet related (Figure 2C) while decreased mRNAs
were strongly involved in RNA processing, generally
consistent with GSE68086[22] and GSE89843[23]
enriched. The top enriched KEGG pathways were
endocytosis, adhesion and platelet activation (Figure
2D). To guarantee the reproducibility, we selected the
208 overlapped DEGs in our dataset, GSE68086 and
GSE89843 (Figure 2E). Because upregulated makers
are easier to assess and most of the clinically used
traditional tumor markers were upregulated in cancer
patients, we focused on the 148 upregulated DEGs.
Markers for screening and early detection should take
sensitivity into first account, 119 TEP mRNAs
upregulated in at least 7 out of 9 NSCLC samples
were selected. And the 104 TEP mRNAs with mean
Reads Per Kilo bases per Million reads (RPKM) more
than 20 from the 9 NSCLC samples were enrolled
considering abundant TEP mRNAs in NSCLC were
easier to access thus conductive to screening. As TEPs
contribute to the spread of cancer, 8 differentially
detected platelet mRNAs are noteworthy. They may
be involved in important biological processes or
signaling pathways in tumors, according to the
DEG-GO-KEGG pathway network and literatures
(Figure 2F). They are BSG[26], DERA[27], ITGA2B[28],
SELP[29], TGFB1I1[30], TIMP1[31], TLN1[32], and
TPM1[33]. We also randomly selected two genes
without significant regulation, CD63 and IFITM3 as
negative controls. These 10 biomarkers were subjected

to an g-PCR assay using platelets from 22 NSCLC
patients and 25 controls (10 patients with BPN and 15
HC). Platelet purity and quantity was confirmed
(contamination is 1 to 5 nucleated cells per 10 million
platelets, see Figure S1). As shown in Figure S2, the
negative controls, CD63 and IFITM3 indeed displayed
poor discriminatory effect. The mRNA levels of
platelet ITGA2B (p < 0.001), and SELP (p < 0.001) were
significantly elevated in the NSCLC patients
compared with either of the two controls,
respectively. TGFB1I1, DERA, TIMP1 and TPM1
exhibited higher levels only when the NSCLC patients
group compared with benign nodules group but not
the healthy group. Besides the levels of BSG were
significantly higher in the NSCLC patients compared
with healthy controls instead of BPN. Whereas TLN1
provided poor discriminatory performance. We
studied the diagnostic effect of ITGA2B and SELP in
subsequent analyses.

Performance of 2 markers in the test and
validation cohort

To verify the discriminatory capability of platelet
ITGA2B and SELP, we utilized platelets from 534
participants overall, including 358 in the test cohort
and 176 in the validation cohort. Clinicopathological
parameters of NSCLC patients in the two cohorts
were present in the Table 1. The cohorts were well
matched for age, sex, smoking status, histology type
and stage overall, except that fewer proportion
patients with adenocarcinoma were enrolled into the
validation cohort than into the test cohort (p = 0.049).
Here we compared the traditional tumor markers,
CEA and CYFRAZ21-1 in a subgroup of the test cohort,
and found that CEA performed better in the diagnosis
of NSCLC (See in the supplement materials and
Figure S3).

As present in Figure 3 and Table S2, the relative
expression levels of platelet ITGA2B and SELP mRNA
on q-PCR were dramatically higher in NSCLC
patients than in all controls (p < 0.001); However,
values did not differ significantly between the two
control groups. The levels of SELP were significantly
associated with ITGA2B (p < 0.001). Likewise, the
median concentration of CEA in serum showed the
similar tendency. However, the protein levels of
platelet ITGA2B and SELP were likely similar in
NSCLC and controls (Figure S4).

ROC curves analyses illustrated that the levels of
platelet ITGA2B mRNA were robust in discriminating
the subjects with or without NSCLC, with an AUC
value of 0.922 (95% CI, 0.892-0.952, Figure 4A). When
the cutoff value was set to the optimal point
(0.001759), the sensitivity and specificity was 92.8%
and 78.6% (Table 2), respectively. For platelet SELP
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mRNA, the AUC value was 0.799 (95% ClI, 0.752-0.847,
Figure 4A), and the optimum cutoff value was
0.003346, with 75.7% sensitivity and 77.2% specificity
(Table 2). In contrast, platelet-related parameters such
as platelet counts (PLT), mean platelet volume (MPV)
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Figure 2. Candidate platelet mRNA selection from RNA-seq analysis. (A) Volcano plot of MRNAs expression in 9 early stage NSCLC versus 8 HC. (B) Top 20
enrichment of GOs for differentially expressed mRNAs in NSCLC. Red for NSCLC, and blue for HC. (C) Bubble plot of top 10 enrichment of Pathways for differentially
expressed mRNAs in NSCLC. (D) Venn diagram analysis of differentially expressed mRNAs from our dataset, GSE68086 and GSE89843. (E) mRNA-GO-pathway correlation
network analysis of core mRNAs and their functions. NSCLC: non-small cell lung cancer; HC: healthy controls
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Table 1. The clinicopathologic characteristics of NSCLC
patients

Characteristics Test(n=152) Validation (n=91) p value
n % n %

Age, years 0.679

Median 58.5 60

IQR 52-65 53-65

Sex 0.825

Male 88 58 54 59

Female 64 42 37 41

pT classification 0.339

pT1 63 41 32 35

pT2-pT4 83 55 55 60

Missing 6 4 4 4

PN classification 0.242

pNO 71 47 49 54

pN1-pN3 72 47 36 40

Missing 9 6 6 7

Metastasis 0.513

pMO 119 78 72 79

pM1 33 22 16 18

Missing 3 3

Clinical stage 0.206

Stage I 56 37 41 45

Stage II-Stage IV 96 63 50 55

Histology type 0.049

ADC 137 90 74 81

SqCC 15 10 17 19

Smoke status 0.358

Yes 71 47 37 41

No 81 53 54 59

PLT 0.87

PLT 2 300 37 24 23 25

PLT <300 115 76 68 75

NSCLC: non-small cell lung cancer; ITGA2B: Integrin, Alpha 2b; CEA:
carcinoembryonic antigen; ADC: adenocarcinoma; SqCC: squamous cell carcinoma

The AUC for the CEA was 0.785 (95% CI,
0.736-0.834, Figure 4A), which was notably smaller
than that for platelet ITGA2B mRNA (p < 0.001),
implying that platelet ITGA2B exceeded CEA and
SELP in distinguishing the patients with NSCLC from
controls. Using the 2.865 ng/mL cutoff value, CEA
generated a sensitivity of 69.7% and a specificity of
77.2%. Predictive values and accuracy of the platelet
ITGA2B, SELP mRNA and CEA for detecting NSCLC
were shown in Table 2, which showed that the
accuracy of platelet ITGA2B mRNA was the highest
one. We further explored whether ITGA2B can
supplement CEA, the most common clinical used
tumor marker in NSCLC and routine physical.

Larger proportion of patients with NSCLC in the
test cohort were positive for platelet ITGA2B than for
CEA (141 [92.8%] vs 106 [69.7%] of 152 patients;
Figure 4C). 46/152 of NSCLC patients were
CEA-negative and the proportion increased
significantly at the early stage (30.3% vs 44.6%, p =
0.003, See in the supplement materials). Among them,
45 (97.8%) of 46 CEA-negative patients with NSCLC
had positive ITGA2B results (Figure 4C). The rate was
96 of 106 (90.6%) in CEA-positive patients (Figure 4C).
The ROC curves for ITGA2B indicated a higher

diagnostic effect of NSCLC in CEA-negative patients
than CEA-positive patients (CEA- vs all controls: AUC
= 0.951, 0.907-0.996; CEA* vs all controls: AUC =
0.909, 0.873-0.946. Table S3 and Figure S6). Combining
platelet ITGA2B and serum CEA, 151/152 (99.3%) of
patients with NSCLC were positive, which was
superior to that of either individual marker (Figure
4C). A binary logistic regression analysis was applied
to construct a diagnostic model: Logit (p = NSCLC) =
-3.66+91.87 ITGA2B+ 0.548 CEA. The model
combined CEA with platelet ITGA2B, improving
diagnostic capability for NSCLC of an individual
marker. ROC curves analysis displayed the AUC for
this combination was 0.957 (95% CI, 0.939-0.975), was
similar to the combination of ITGA2B, CEA and SELP
(Figure S7), but dramatically larger than that for
ITGA2B, CEA only (Figure 4A) or either combination
with SELP (Table S4). Using the 0.29188 cutoff, the
sensitivity was 90.1%, and the specificity achieved
86.9% (Table 2), higher than other combinations
(Table S4).

In discriminating the benign from malignant
lung nodules, the results were similar, TEP ITGA2B
had greater AUC, sensitivity, and specificity values
than serum CEA and all values climbed when
ITGA2B and CEA were combined (Figure 4E, Table 2).
Dramatically, the rate of patients with BPN who had
positive CEA results (25.7%, Figure 4G) was higher
than those ITGA2B-positive (18.3%), and in CEA
positive benign patients the proportions of negative
results for platelet ITGA2B were extremely high
(89.3%).

In the test cohort, 56 (36.8%) of 152 patients with
NSCLC were stage 1. The relative expression levels of
ITGA2B and SELP mRNA remained improved when
only stage I lung cancer detection was involved (p <
0.001, Figure 3). ITGA2B enhanced differential
diagnosis of stage I NSCLC from all controls and from
controls with benign pulmonary nodules, compared
with SELP or CEA (Figure 5, Table 2, Stage I vs all
controls: ITGA2B, AUC = 0.940; SELP, AUC = 0.846;
CEA, AUC = 0.694; Stage I vs BPN: ITGA2B, AUC =
0.941; SELP, AUC = 0.833; CEA, AUC = 0.702). The
sensitivity, specificity and predictive values for TEP
ITGA2B were also higher than those for SELP or CEA
(Table 2). Moreover, a substantially higher rate of
patients with stage I NSCLC had positive results for
TEP ITGA2B than for serum CEA (ITGA2B, 96.4%,
54/56; CEA, 55.4%, 31/56). Among CEA-negative
patients with stage I NSCLC, 24 of 25 (96.0%) had
positive platelet ITGA2B results, as did 30 of
31(96.8%) CEA positive patients. The ROC curves for
platelet ITGA2B indicated a diagnosis of stage I lung
cancer irrespective of CEA status (supplement
materials, Table S3 and Figure S8). Test both platelet
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ITGA2B and CEA improved the diagnostic capability
for NSCLC than individual marker, with an AUC of
0.956 (stage I vs all control), or 0.958 (stage I vs
benign).

In current clinics, it is very difficult to
distinguish NSCLC patients with only a single lesion
less than 2cm from benign pulmonary nodules. We
further evaluated the performance of platelet ITGA2B
in discriminating solitary pulmonary nodule (SPN). In
27 patients with malignant pulmonary nodules who
had only one tumour less than 2 cm, the AUC for
platelet ITGA2B was 0.937 (95% CI, 0.865-1.000) with
sensitivity of 96.3% and specificity of 81.7%,
compared with benign pulmonary nodules patients
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(Figure 5G, Table 2), was larger than that for CEA
(0.640, 0.515-0.765), their combination yielded a rather
higher AUC, 0.951 (0.913-0.989) in discriminating
SPN.

When the same threshold applied to the blinded
validation cohort, we observed similar results to those
in the test cohort. Platelet ITGA2B had pinpoint
diagnostic accuracy for all NSCLC, stage I NSCLC,
and NSCLC with only one tumour of 2 cm or less
(Table 2, Figures 4, 5). In addition, the validation
cohort verified the ability of ITGA2B to diagnose
NSCLC in CEA-negative patients, including those
with stage I disease (Table S3 and Figure S6, 8).
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Figure 3. Levels of platelet ITGA2B, SELP mRNA and serum CEA concentrations in the test and validation cohorts. The representative amplification curve of
Real-time PCR reaction for ITGA2B (A) and SELP (B). Levels of ITGA2B for test cohort (C). ITGA2B for validation cohort (D). SELP for test cohort (E). SELP for validation cohort
(F). CEA for test cohort (G). CEA for validation cohort (H). NSCLC: non-small cell lung cancer; BPN: benign pulmonary nodules; HC: healthy controls; ITGA2B: Integrin, Alpha

2b; SELP: P-selectin; CEA: carcinoembryonic antigen.
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Figure 4. Diagnostic outcomes for platelet ITGA2B, SELP mRNA and serum CEA in the NSCLC. (A) ROC curve for platelet ITGA2B, SELP mRNA, serum CEA
or combination of ITGA2B and CEA with NSCLC versus all controls in the test cohort. (B) ROC curve for platelet ITGA2B, SELP mRNA, serum CEA or combination of ITGA2B
and CEA with NSCLC versus all controls in the validation cohort. (C) The rate of positive results for CEA, ITGA2B, or both, in all patients with NSCLC, and for ITGA2B by CEA
status in the test cohort. (D) The rate of positive results for CEA, ITGA2B, or both, in all patients with NSCLC, and for ITGA2B by CEA status in the validation cohort. (E) ROC
curve for platelet ITGA2B, SELP mRNA, serum CEA or combination of ITGA2B and CEA with NSCLC versus BPN in the test cohort. (F) ROC curve for platelet ITGA2B, SELP
mRNA, serum CEA or combination of ITGA2B and CEA with NSCLC versus BPN in the validation cohort. (G) The rate of positive results for CEA and ITGA2B for patients with
BPN, and for ITGA2B by CEA status in the test cohort. (H) The rate of positive results for CEA and ITGA2B for patients with BPN, and for ITGA2B by CEA status in the
validation cohort. ROC: receiver operating characteristics; NSCLC: non-small cell lung cancer; BPN: benign pulmonary nodules; HC: healthy controls; C: CEA, carcinoembryonic
antigen; |: ITGA2B, Integrin, Alpha 2b; SELP: P-selectin.
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Table 2. Results for measurement of platelets ITGA2B, SELP mRNA, serum CEA or combination of ITGA2B and CEA in the diagnosis of

NSCLC

Test Validation

AUC(95%CT) SN SP PPV NPV Positive Negative AUC(95%CI) SN SP PPV NPV Positive Negative

(%) (%) (%) (%) LR LR %) (%) (%) (%) LR IR

NSCLC vs BPN and HC
ITGA2B 0.922(0.892-0.952) 928 786 762 936 434 0.09 0.888(0.838-0.938) 91.2 565 69.2 857 210 0.16
SELP 0.799(0.752-0.847) 757 772 710 811 332 0.31 0.716(0.616-0.815) 96.7 431 679 917 1.70 0.08
CEA 0.783(0.733-0.832) 69.7 76.7 402 50.0 299 0.40 0.779(0.711-0.847) 59.3 812 771 651 3.15 0.50
ITGA2B+CEA  0.957(0.939-0.975) 90.1 869 835 923 6.88 0.11 0.925(0.884-0.965) 857 871 87.6 851 6.64 0.16
NSCLC vs BPN
ITGA2B 0.927(0.893-0.960) 928 817 876 89.0 5.07 0.09 0.871(0.792-0.949) 912 594 865 704 225 0.15
SELP 0.782(0.724-0.839) 757 761 816 692 317 0.32 0.825(0.722-0.928) 96.7 438 86.8 778 172 0.08
CEA 0.786(0.732-0.840) 69.7 743 791 638 271 0.41 0.785(0.706-0.865) 59.3 844 915 422 3.80 0.48
ITGA2B+CEA  0.959(0.938-0.979) 90.1 89.0 919 86.6 8.19 0.11 0.898(0.823-0.972) 85.7 875 951 683 6.86 0.16
Stage I NSCLC vs BPN and HC
ITGA2B 0.940(0.890-0.989) 964 78.6 55.1 988 450 0.05 0.842(0.767-0.916) 878 565 493 90.6 2.02 0.22
SELP 0.846(0.784-0.908) 839 772 500 946 3.68 0.21 0.642(0.520-0.763) 931 431 482 917 1.64 0.16
CEA 0.694(0.611-0.776) 554 76.7 392 863 238 0.58 0.704(0.597-0.812) 51.2 812 56.8 775 272 0.60
ITGA2B+CEA  0.955(0.925-0.984) 911 869 654 973 6.95 0.10 0.879(0.812-0.947) 756 871 738 881 586 0.28
Stage I NSCLC vs BPN
ITGA2B 0.940(0.890-0.991) 964 817 730 978 527 0.04 0.825(0.721-0.930) 878 594 735 792 216 0.21
SELP 0.833(0.763-0.904) 839 761 644 902 351 0.21 0.750(0.604-0.896) 931 438 750 778 1.66 0.16
CEA 0.702(0.617-0.788) 554 743 525 764 216 0.60 0.708(0.588-0.828) 512 844 80.8 574 3.28 0.58
ITGA2B+CEA  0.958(0.928-0.988) 911 89.0 81.0 951 828 0.10 0.848(0.747-0.950) 75.6 875 88.6 737 6.05 0.28
<2cm NSCLC vs BPN
ITGA2B 0.937(0.865-1.000) 963 81.7 565 989 526 0.05 0.826(0.711-0.940) 895 594 56.7 905 220 0.18
SELP 0.862(0.782-0.942) 889 761 480 965 3.72 0.15 0.798(0.637-0.959) 100.0 43.8 59.1 1000 1.78 0.00
CEA 0.640(0.515-0.765) 481 743 317 853 1.87 0.70 0.653(0.476-0.830) 421 844 615 711 270 0.69
ITGA2B+CEA  0.951(0.913-0.989) 889 89.0 66.7 97.0 8.08 0.12 0.869(0.769-0.970) 737 875 778 848 590 0.30

AUC: area under curve; SN:sensitivity; SP: specificity; PPV: positive predictive value; NPV: negative predictive value; NSCLC: non-small cell lung cancer; BPN: benign
pulmonary nodules; HC: healthy controls; ITGA2B: Integrin, Alpha 2b; SELP: P-selectin; CEA: carcinoembryonic antigen. *The diagnostic cutoff values of platelets ITGA2B,
SELP mRNA, serum CEA or combination of ITGA2B and CEA were 0.001759,0.003346,2.865ng/ml and 0.29188, respectively.

The ability of ITGA2B to discriminate patients
with NSCLC from those with benign pulmonary
nodule(s), especially in the discrimination of small
solitary pulmonary nodule was also affirmed (Figure
5H). The improvement in diagnostic precision for
NSCLC by assessment of platelet ITGA2B and CEA
together was confirmed in the validation cohort as
well (Figures 4, 5).

ROC analysis also showed that testing of SELP
achieved a good diagnostic accuracy for NSCLC and
other NSCLC subgroups in both cohorts (Figure 4, 5,
Table 2 and Figure S9).

We verified the results through more precise
methodology, ddPCR, an approach that allows
absolute quantification. With this more precise and
sensitive approach, we observed similar results. The
copy number of p-actin between NSCLC and controls
was similar, confirming that p-actin could be used as
the internal control gene. The ability of ITGA2B and
SELP to distinguish patients with NSCLC from
control was confirmed, yielded an AUC of 0.967 and
0.956, respectively (Figure 6). Spearman correlation
revealed that the results derived from two methods
were significantly associated (p < 0.001).

RPL32 was also reported as an internal control
gene in platelet study[34]. We additionally assessed
RPL32 in 65 NSCLC, 28 BPN and 16 controls from test

cohort. The results calculated were related with the
data derived when actin was the internal gene (p <
0.001) and confirmed the ability of ITGA2B to
diagnose NSCLC patients with an AUC of
0.847(0.773-0.920), sensitivity of 76.9% and specificity
of 79.5% (Figure 6).

Association of platelet ITGA2B, SELP with
clinicopathologic charateristics and survival in
patients with NSCLC

While the optimal cutoff value (0.001749) of
platelet-ITGA2B mRNA was used to categorize
NSCLC patients into high-level or low-level group, x?
tests showed that there were no differences in
clinicopathologic parameters including histological
type between patients with NSCLC and
platelet-ITGA2B mRNA overall (all at p > 0.05 except
smoking status in validation cohort, Table S5 and
Figure 510). No significant association of SELP with
clinicopathologic parameters was observed (Table S6
and Figure S10).

Two-hundred and forty-three patients with
NSCLC, the overall enrolled in our study were
prospectively followed up with the mean duration of
26.82 (range 0.58-36) months, and the cumulative
3-year OS rate was 76.3%.
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Figure 5. Diagnostic outcomes for platelet ITGA2B, SELP mRNA and serum CEA in the stage | NSCLC. (A) ROC curve for platelet ITGA2B, SELP mRNA,
serum CEA or combination of ITGA2B and CEA with stage | NSCLC versus all controls in the test cohort. (B) ROC curve for platelet ITGA2B, SELP mRNA, serum CEA or
combination of ITGA2B and CEA with stage | NSCLC versus all controls in the validation cohort. (C) The rate of positive results for CEA, ITGA2B, or both, in all patients with
stage | NSCLC, and for ITGA2B by CEA status in the test cohort. (D) The rate of positive results for CEA, ITGA2B, or both, in all patients with stage | NSCLC, and for ITGA2B
by CEA status in the validation cohort. (E) ROC curve for platelet ITGA2B, SELP mRNA, serum CEA or combination of ITGA2B and CEA with stage | NSCLC versus BPN in the
test cohort. (F) ROC curve for platelet ITGA2B, SELP mRNA, serum CEA or combination of ITGA2B and CEA with stage | NSCLC versus BPN in the validation cohort. (G) ROC
curve for platelet ITGA2B, SELP mRNA, serum CEA or combination of ITGA2B and CEA with stage | NSCLC with a solitary small tumour (< 2cm) versus BPN in the test cohort.
(H) ROC curve for platelet ITGA2B, SELP mRNA, serum CEA or combination of ITGA2B and CEA with stage | NSCLC with a solitary small tumour (< 2cm) versus BPN in the
validation cohort. ROC: receiver operating characteristics; NSCLC: non-small cell lung cancer; BPN: benign pulmonary nodules; HC: healthy controls; C: CEA, carcinoembryonic

antigen; |: ITGA2B, Integrin, Alpha 2b; SELP: P-selectin.
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Table 3. Univariate and multivariate analysis of overall survival

Variables Univariate Analysis Multivariate Analysis
HR CI I HR CI I

Age 1.028 1.000-1.057 0.05

Sex 0.675 0.377-1.209 0.187

Smoking status  0.74 0.427-1.281 0.282
Histology type  1.26  0.592-2.682 0.180
Clinical stage 2128 1.638-2.763 <0.001
ITGA2B 23 1.272-4159 0.006 2.295 1.263-4.170 0.006
CEA 3.226 1.802-5.777 <0.001 1.813 0.976-3.369 0.060

1.973 1.500-2.595 < 0.001

Variables: Age, > 60 vs < 60; Sex, female vs male; Smoking status, smoker vs
non-smoker; Histology type, Adenocarcinoma vs Non-Adenocarcinoma; stage, IV
vs Il vs 1T vs I, ITGA2B: Integrin, Alpha 2b; CEA: carcinoembryonic antigen.

Patients with NSCLC with higher platelet
ITGA2B mRNA expression levels had remarkably
worse OS rate compared to patients with lower
platelet ITGA2B (71.5% vs. 86.7%; p = 0.005), and CEA
showed the similar result (88.1% vs. 66.0%; p < 0.001)
whereas SELP not (77.4% vs 78.5%, p = 0.893), seen in
Figure 7. We next employed univariable Cox
proportional hazard regression model (Table 3) and
the results showed that OS was remarkably associated
with platelet ITGA2B mRNA (p = 0.006), clinical stage
(p < 0.001), and CEA (p < 0.001). Strikingly,
multivariable Cox analysis illustrated that only
platelet ITGA2B mRNA (HR, 2295, 95% CI,
1.263-4.170, p = 0.006), and clinical stage (HR, 1.973,
95% CI, 1.500-2.595, p < 0.001) retained independent
prognostic value.

The nomogram model, which integrated stage,
ITGA2B, and CEA, showed commendable accuracy
for predicting OS proportion of NSCLC, with a
C-index of 0.756 (Figure 7D, 95% CI, 0.686-0.827). The
calibration plots revealed good prediction of 1- and
2-year OS (Figure 7E, F). Decision curve analysis
(Figure 7G) displayed that the use of a nomogram
which took account of stage, CEA and ITGA2B had a
higher net clinical benefit. And it also across a wider
range of threshold probabilities to predict OS
compared to stage, CEA and ITGA2B.

Discussion

We have shown that measurement of platelet
derived ITGA2B mRNA has diagnostic value for
NSCLC better than that of CEA, especially for patients
with CEA-negative status and stage | NSCLC. Platelet
derived SELP mRNA also shown its diagnostic value
in NSCLC, which was relevant statistically and
inferior to ITGA2B in the estimate of NSCLC
presence. Although CEA performed better than
CYFRA21-1, there were still more than 30% of all
patients with NSCLC were CEA negative, consistent
with other studies[11]. Diagnosis and assessment of
treatment response are still difficult with current
methods. Thereby, combined measurement of platelet
ITGA2B mRNA and serum CEA levels could enhance
results.

Results were negative for platelet ITGA2B in
most CEA-positive BPN participants, thereby,
patients with these non-malignant diseases could be
discriminated from those with NSCLC. The expected
frequency of lung nodule detection (20% to 60% of
high-risk individuals), and the fact that the large
majority of these lung nodules are benign (up to 96%),
make the management of such indeterminate
pulmonary nodules challenging. And the value of
CEA in early identification of pulmonary nodule was
limited. Therefore, measurement of TEP ITGA2B
mRNA was meritorious to help clinicians make a
differential diagnosis of NSCLC in these high-risk
populations. We also evaluated its effect in
distinguishing small solitary pulmonary nodule, the
subgroup of BPN with more difficult challenge to be
identified in CT. Many benign lesions can also
manifest as SPN such as pulmonary TB, pneumonia,
pulmonary abscess and inflammatory pseudotumour
[35]. Although the population of less than 2cm SPN
were of small sample size, we still could recognize the
trend that the combination of ITGA2B and CEA was
useful for differential diagnoses from NSCLC.
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Figure 6. Diagnostic outcomes for platelet ITGA2B, and SELP mRNA in the NSCLC using ddPCR and RPL32 reference gene. (A) The absolute copy number
of B-actin derived via ddPCR. (B) ROC curve for platelet ITGA2B, and SELP mRNA with NSCLC versus all controls in the subgroup of test cohort using ddPCR. (C) ROC curve
for platelet ITGA2B, and SELP mRNA with NSCLC versus all controls in the subgroup of test cohort using RPL32 reference gene. ROC: receiver operating characteristics;
NSCLC: non-small cell lung cancer; ddPCR: Droplet digital PCR; AUC: areas under the curves; ITGA2B: Integrin, Alpha 2b; SELP: P-selectin.
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We verified the results in another independent
population and through different methodology. The
similar results to those in the test cohort were
observed, the ability of ITGA2B and SELP to
distinguish patients with NSCLC from those with
non-malignant pulmonary nodules and healthy
controls were confirmed. The different technique we
took advantage for validation was the droplet digital
PCR (ddPCR), an approach that allows absolute
quantification without the need for internal/external
normalization[36]. DAPCR is not affected by PCR
inhibitors and extremely sensitive and precise. In our
study, we controlled several measures in the two PCR
assay, including RNA extraction, cDNA synthesis,
primer design and reference gene selection and so

on[37], then compared the two results derived from
respective method and found they were highly
relevant. As the levels of the two platelet-derived
mRNA were rather high, and qRT-PCR still
represented most frequently used quantification
platform, we recommended the qRT-PCR as survey
methodology in the following research. This simpler,
cheaper test is easier to be carried out for screening.
Besides, we selected another reference gene,
RPL32[34, 38] and verify the results as well.

As a result, ITGA2B and SELP mRNA were not
related to stage. Consequently, the diagnostic
accuracy of them was similar in the stage I NSCLC
and all NSCLC patients. Interestingly, although they
took part in platelet activation, the isolated platelet
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pellets showed no activation, as measured by FC
analysis and WB, indicating that TEP mRNA, but not
protein served as source of liquid biopsy. The tumor
platelets could perhaps behave in a ‘semi-activational
state’[23] but absence of activation, and overexpressed
the ITGA2B and SELP mRNA but not protein in the
initial of tumorgenesis. However, this assumption
needs to be tested further. We believe, though, that
TEP ITGA2B and SELP have great potential to be a
diagnostic mRNA biomarker for NSCLC because its
accuracy in the test cohort was confirmed in another
independent cohort, even with a more precise
method.

For the first time, prognostic analyses
demonstrated that a high TEP ITGA2B was an
independent risk factor of a poorer prognosis with
respect to OS in patients with NSCLC. Moreover, a
nomogram model integrating ITGA2B, CEA and
clinical stage was successfully established for
predicting OS in NSCLC patients and showed
improved prognostic accuracy. Continued follow-up
of the participants will be performed in the future
study.

Platelets have long been considered as a
potential diagnostic tool in cancer. Previous studies
have illustrated that the platelet count, platelet size
and platelet subpopulations can already provide
clinically relevant information about the presence of
cancer[39]. However, we did not observe any
significant differences in platelet counts, platelet size,
and younger platelets between healthy controls and
patients in our population, which may due to the
heterogeneity of the study populations. Tumor cells
can, directly and indirectly, impose changes on
platelet RNA and protein content. TEP RNA,
emerging as a new means of liquid biopsy, was borne
out to reflect the presence of cancer and thus give
hope to many that they might precede protein
markers as a cancer-specific biomarker[22, 23]. They
were reported to distinguish cancer patients from
healthy controls with 96% accuracy. In addition, a
swarm-intelligence, that is a TEP-RNA panel
containing 698 RNAs were shown to be associated
with the presence of NSCLC. The results were
meritorious, however, this approach is cumulative
SVM algorithms, involved in a substantial number of
genes, that may limit its application due to its
complication. Our study suggested a small quantity of
TEP with high accuracy in NSCLC detection and
moreover, differential and early diagnosis.

Either of platelet ITGA2B and SELP mRNA
participated in almost all the top 20 enriched GO
biological process in our dataset, implying that they
had a profound effect with a great potential to be
implemented in clinic application. ITGA2B, is a

transmembrane glycoprotein that is expressed by
megakaryocytes and platelets[40]. It is required for
platelet aggregation, and defects lead to
thrombasthenia. Except for adhesion, integrins are
also known to participate in cell-surface mediated
signalling. It has been reported to be pivotal for
hematogenous metastasis of human breast carcinoma
MDA-MB-231 cells[41] and predictive of prognosis in
clear cell renal cell carcinoma patients[42]. SELP, is
found constitutively in a pre-formed state in the alpha
granules of platelets and on the surfaces of activated
endothelial platelets[43]. Tumor cells interact with
platelets mainly via the platelet activation receptor
P-selectin. A number of studies have reported that
levels of the expression of P-selectin on platelets and
sP-Selectin in biological fluids may be elevated in
subjects with a variety of cancers, including renal
carcinoma and colorectal carcinomal44]. These two
TEP, especially ITGA2B implied immense potential in
clinical application, and our study demonstrated they
could serve as great NSCLC diagnostic marker.
However, at present, the underlying mechanisms of
their origin, or TEP source are not fully understood.
The most common hypothesis is that: platelets
actively maintain their RNA content while in
circulation, including via the use of platelet RNA
splicing[45], circularization[46], and decay[47],
possibly in response to external queues.

In our study, we isolated platelet as previously
advised by others [22, 23]. Platelet isolation was
executed with simple step and the whole blood could
be stored up to 48 h at room temperature while still
maintaining high-quality RNA and the dominant
RNA signatures, which revealed its feasibility in
clinical applications.

For the first time, we reported the clinically
diagnostic and prognostic relevance of ITGA2B as a
platelet RNA marker for NSCLC in a test cohort and
an independent validation cohort. Although our
results are promising, there are also some limitations
in our study. Larger samples are required to rule out
the incidence of NSCLC bias, the type of control bias,
and selection bias in the following research. And
forward investigations should elucidate the biological
role and oncological significance of TEP ITGA2B more
clearly.

In conclusion, the current study clearly reveals
that the platelet derived mRNA, ITGA2B and SELP
are significantly increased in primary lung cancer
patients thus could discriminating NSCLC and
controls, and the combination of ITGA2B and CEA
even performs better. This new means of liquid
biopsy provides novel insight for NSCLC and useful
information for clinicians.
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Conclusions

TEP ITGA2B combined with CEA could be
useful in NSCLC detection and prognosis prediction.
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