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Purpose: To explore the clinical significance of tumor necrosis factor receptor-associated
protein (TRAP1), mitotic arrest deficient 2 (mad2) and anti-nuclear mitotic spindle apparatus
antibody (MSA) in the diagnosis of small cell lung cancer (SCLC).

Patients and Methods: Serum concentrations of TRAP1 and MSA were determined by
enzyme-linked immunosorbent assay (ELISA), including SCLC group (Num.=86), non-
small cell lung cancer (NSCLC) group (Num.=105), pulmonary nodules (PN) group (Num.
=94), and 60 healthy subjects as control group (Num.=60). Whereas fluorescence quantitative
PCR (qt-PCR) method was used to detect the expression of mad2.

Results: The expression of TRAP1 was low in SCLC and NSCLC compared with the other
two groups, and was the lowest in SCLC, which was negatively correlated with the
occurrence of the disease (P<0.05); the sensitivity and specificity of TRAP1 for SCLC
were 75.29%, 93.33%, and the area under SCLC curve was 0.903; compared with the
other three groups, the level of MSA was the highest in the SCLC, and the results were
significantly different (P<0.05), while the area under the SCLC curve was 0.856, and the
sensitivity and specificity were 62.78% and 95.24%, respectively. Mad2 is overexpressed in
SCLC, but not in PN. The area under the SCLC curve is 0.835, and the sensitivity and
specificity are 56.98% and 92.38%; TRAPI levels are negatively correlated with SCLC
tumor stage, the level of TRAPI was significantly lower in stage III-IV than in stage I-1II
(P<0.05); combined analysis of TRAP1 and MAD2 and MSA showed that the sensitivity and
specificity for SCLS were 95.35% and 99.05%, respectively.

Conclusion: TRAP1 is of great value in the early diagnosis of SCLC as well as differential
diagnosis with NSCLC. TRAP1 combined with MAD2 and MSA improved the sensitivity
and specificity and provided a new idea for the clinical diagnosis of SCLC.
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Introduction

Small cell lung cancer (SCLC) accounts for about 14% of all types of lung cancer
(LC)." At present, the pathogenesis and origin of SCLC are still unclear. But it is an
aggressive disease with high metastatic potential, leading to poor clinical prognosis,
and one of the most deadly malignant tumors.” The current gold standard for diagnosis
of SCLC is still pathological examination, which belongs to invasive examination,
usually comes with high costs and long waiting times for results. Therefore, noninva-
sive indicators are extremely important for the diagnosis of early SCLC. Tumor
necrosis factor receptor-associated protein (TRAPI) is a mitochondrial protein,
belongs to the heat shock protein 90 family, and is mainly located in the mitochondria

of tumor cells.” HSP90 plays a major role in the apoptosis of SCLC cells. Its
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inactivation may effectively induce tumor cell apoptosis.
Restall* found that TRAP1 may be a candidate target for
HSP90 inhibitors, and it plays a more important role than
other subtypes in the anti-apoptotic survival of SCLC cells.
Lee et al’ found that TRAP1 is strongly expressed in SCLC
tissues. And the positive rate is 100%, which is much higher
than other subtypes of the HSP90 family. But there are few
reports about serum TRAP1 levels in the diagnosis of SCLC.
Here, we examined the serum levels of TRAP1, mad2 and
MSA in patients diagnosed with SCLC, non-small cell lung
cancer (NSCLC), pulmonary nodules (PN) and healthy con-
trols in the Second Affiliated Hospital of Nanchang
University to explore their clinical significance in the diag-
nosis of SCLC. The report is analyzed as follows.

Patients and Methods

Subjects Source

A total of 86 patients with SCLC, 105 patients with NSCLC
and 94 patients with PN were enrolled from the inpatients and
outpatients of the Second Affiliated Hospital of Nanchang
University from December 2019 to December 2020. The
diagnostic criteria were based on the 2015 WHO diagnostic
criteria for lung tumor classification. Whereas, 60 healthy
controls were from the Physical Examination Center of the
Second Affiliated Hospital of Nanchang University. All parti-
cipants have been informed and signed informed consent. This
research has approved by the ethics committee of the Second
Affiliated Hospital of Nanchang University. And this study
was conducted in accordance with the Declaration of Helsinki.

Inclusion and Exclusion Criteria

Inclusion criteria were as follows: 1) Informed and volun-
tary participation; 2) Clear diagnosis, completing clinical,
imaging, and histopathological data; 3) Re-evaluate the
data of selected patients, deny other autoimmune diseases
and other cancers; 4) The blood routine, liver and kidney
function, blood pressure, chest radiograph, electrocardio-
gram and hepatobiliary and pancreatic examinations of the
healthy volunteers control group.

Exclusion criteria were as follows: 1) Unclear tumor
type or non-primary tumor; 2) Combined with serious
heart, lung, liver and other system diseases, thyroid dis-
ease, diabetes; 3) pregnancy or lactation.

Specimen Collection
1) The TRAP1 and MSA test samples were collected by
vacuum blood collection containing separation gel and

coagulant. The specific procedure included fasting venous
blood collection of 3.0mL, centrifugation at 1026xg/15min,
serum collection, and kept at —80°C for storage. 2) The mad2
test specimens were collected by vacuum blood collection
containing EDTA K2 anticoagulant. The simple procedure
included 2.0 mL of fasting static blood collection, RNA
extraction with RNA Trizol kit, and kept at —80°C for storage.

Indicator Detection

TRAPI (Bohu Biotechnology Co., Ltd. Shanghai, China) and
MSA (R&D Company, Lorton, Virginia, USA) were detected
by enzyme-linked immunosorbent assay (ELISA). All opera-
tions were carried out strictly in accordance with reagent
instructions, and blank controls and standard controls were
established. Use fluorescence quantitative PCR (qt-PCR) to
detect mad2, The reagents used in the experiment include
RNA extraction kits (Takara Bio, Inc., Otsu, Japan). And
RNA reverse transcription kits (Takara Bio, Inc., Otsu,
Japan). The length of mad2 mRNA is 163 bp, and GAPDH
is used as an internal control. The DNA Ladder is 146 bp in
length. 2) Primer sequence: mad2 mRNA upstream primer
sequence: 5-AGCTCCTTTTGACCTTCATTTC-3'; down-
stream primer sequence: S5-TCCATTGCTTCATAGGTT
CAAG-3'; GAPDH upstream primer sequence: 5'-ACGGT
GACATTTCTGCCACT-3’; downstream primer sequence 5'-
TGGTCCCGACTCTTCCCATT-3'.

Statistical Analysis

Statistical analysis used SPSS 22.0 software, measurement
data were expressed as mean + standard deviation. The
experimental sample size was calculated using PASS 11.
Enumeration data were described in percentage, and the
differences between the groups were analyzed by x> test.
The data of TRAP1 and MSA used one-way analysis of
variance. For mad2, Wilcoxon rank sum test was used;
The diagnostic efficacy of TRAPI, mad2 and MSA for
SCLC was assessed by receiver operating characteristics
(ROC) analysis. P<0.05 was considered to be statistically
significant.

Results
Clinical Characteristics
After »* test analysis, there is no difference in age and sex

between the disease group and the control group (P>0.05,
Table 1).
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Table | Clinical Characteristics

SCLC NSCLC | PN Healthy
Control
Number of cases | 86 105 94 60
Sex
Male 58 60 50 35
Female 28 45 44 25
Age’qt 58+9 58+t6 62+10 55+12
Clinical stage
| 8 31 - -
] 13 28 - -
1l 27 18 - -
v 38 28 - -
Metastasis
Yes 70 68 - -
No 16 37 - -

Note: “Represents P>0.05.

Serum Levels of TRAPI and MSA

The level of TRAP1 in SCLC group was the lowest than
that in other three groups, which showing a negative cor-
relation between TRAP1 and SCLC (SCLC is 152.52
+84.26 pg/mL, NSCLC is 320.39+141.68 pg/mL, PN is
416.05 £87.22 pg/mL, control is 740.80+302.56 pg/mL).
The level of MSA in SCLC was significantly higher com-
pared with NSCLC group, PN group and control group
(SCLC is 112436.48pg/mL, NSCLC is 58.26+18.22pg/
mL, PN is 28.78+14.64 pg/mL, control is 25.40+13.15
pg/mL). The difference of TRAP1 and MSA in SCLC

and other groups was statistically significant by one-way
analysis of variance (P<0.05, Figure 1A and B).

Expression of Mad2

Through qt-PCR quantitative expression analysis, mad2 is
highly expressed in SCLC. The expression of NSCLC is
lower than that of SCLC (P<0.05, Figure 2).

ROC Curve of TRAPI, Mad2 and MSA in
Diagnosing SCLC

The AUC of TRAPI for the diagnosis of SCLC is 0.903,
the cut-off value is 209.26pg/mL, the diagnostic sensitivity
is 75.29%, the specificity is 93.33%, and the Youden index
is 0.686. When the MSA marginal value is 97.10pg/mL,
the AUC for diagnosis of SCLC is 0.919, the diagnostic
sensitivity is 61.63%, the specificity is 98.10%, and the
Youden index is 0.656. The AUC of mad2 for the diag-
nosis of SCLC is 0.835, the diagnostic sensitivity is
56.98%, the specificity is 92.38%, and the Youden index
is 0.533. The ROC curves were shown in Figure 3.

Results of the Combined Analysis of

TRAPI, Mad2 and MSA

By binary logistic analysis, the combination of TRAPI,
mad2 and MSA has a sensitivity and specificity of 95.35%
and 99.05%. TRAP1 combined with mad2, AUC was
0.954, sensitivity and specificity were 77.91% and
98.10%, TRAP1 combined with MSA, AUC was 0.988,
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Figure | Serum concentration of TRAPI (A) and MSA (B) in different disease groups and control groups.
Note: *Represents the difference is statistically significant, P<0.05.
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Figure 2 The expression of mad2 in different disease groups.
Note: *Represents the difference is statistically significant, P<0.05.

sensitivity and specificity were 93.02% and 98.10%,
respectively. The ROC curves were shown in Figure 4.

The Relationship Between TRAPI Serum
Level and SCLC, Including Staging and

Metastasis

The clinical stage of SCLC was negatively correlated with
the concentration of TRAPI1, which was significantly
lower in stage III-IV than in stage I-II (stage III-IV is
113.274£51.11 pg/mL, I-11 is 274.01+36.21 pg/mL); At the
same time, the concentration of TRAP1 in the SCLC
metastatic group was significantly lower than that in the
non-metastatic group (130.00+67.07pg/mL in the meta-
static group, 251.06+82.54 pg/mL in the non-metastatic
group). The result was shown in Figure 5.

Discussion

SCLC is the most malignant type of lung cancer and is
most prone to early metastasis. More than 70% of SCLC
patients have metastasized at the time of diagnosis, and the
5-year survival rate of metastatic patients is less than 1%.’
TRAPI can interact with TNF receptors and participate in

|
NSCLC PN

cell signal transduction by helping protein folding, thereby
promoting the occurrence and development of tumors.® In
addition, TRAP1 can protect mitochondria from oxidative
stress and reactive oxygen species (ROS). It reduces the
level of ROS and inhibits the opening of mitochondrial
permeability transition pores, both of which play an
important role in the process of apoptosis.”'” This is
closely related to the role of TRAP1 in metabolism,
which can control the flow of electrons in the respiratory
complex of the electron transport chain.'' Through this
process, TRAP1 can reshape metabolism by down-
regulating mitochondrial oxidative phosphorylation and
promoting glycolysis, which is the main metabolic mode
of tumor cells. Lee et al’ found that TRAPI was up-
regulated in lung cancer patient tissues, showing 100%
positive. However, the acquisition of tissue specimens
and the cumbersome diagnostic methods limit the diag-
nostic value. In this study, the detection of serum TRAP1
level was the first to explore its diagnostic value for
SCLC.

The results showed that TRAP1 was detected in
SCLC, NSCLC, PN, and healthy controls. Among them,
the average level of healthy controls was the highest, PN,
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Figure 3 ROC curve of TRAPI, mad2 and MSA in the diagnosis of SCLC.

Notes: MSA has the highest area under the curve, but the sensitivity is too low, TRAPI has better diagnostic performance.

NSCLC, and SCLC decreased successively, and the
expression of SCLC was the lowest, showing a negative
correlation (P<0.05). Interestingly, this is contrary to the
results of TRAP1 expression in lung cancer tissues by Lee
et al,’ and may be related to its dual effects in tumors.
Matassa'? found that TRAP1 exhibits dual effects in
tumors. On the one hand, it is related to the occurrence
and development of tumors, on the other hand, it exerts
a tumor suppressor effect. TRAP1 in tumor tissues pro-
motes and protects tumorigenesis. The literature also
reported that the high expression of TRAPI tissue is
associated with lung cancer resistance to cisplatin.'® It is
speculated that TRAPI1 secreted into the serum may play
a different role.

Spindle tubulin may be denatured during degradation and
induce the body to produce MSA. During mitosis, spindle
microtubules are emitted from the poles to connect with sister
chromatids and kinetochores, pulling the two sets of sister
chromatids into offspring cells. This process is regulated by

a highly conserved signaling mechanism. The relevant reg-
ulatory gene is the mitotic spindle checkpoint gene (SAC),
and mad?2 is one of the SAC family. The process of spindle-
guided chromosome separation and abnormalities in SAC
can lead to chromosomal instability (CIN), which is consid-
ered to be closely related to tumors. This study found that
MSA has the highest concentration in SCLC group, which is
112436.48pg/mL. And the concentration in the control group
was the lowest. Compared with NSCLC, PN and the control
groups, the difference was statistically significant (P<0.05).
This is consistent with the results of Tan'* What’s more, the
results of qt-PCR showed that Mad2 was overexpressed in
SCLC, and the expression of NSCLC and PN was signifi-
cantly lower than that of SCLC, which indicates that MSA
and mad2 have a promoting effect on the occurrence of
SCLC, and are positively correlated with SCLC. The study
by Wu'® also showed this result, which also shows that the
biological effect of serum TRAPI is different from that of

Journal of Inflammation Research 2021:14

https:

2511

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al

Dove

100 _JJJ e e
B _,J"""
- B o
80 [ .t
60
2 .
=
s B
-
[0}
2 B
40
20
B --—- TRAP1_MSA
- TRAP1_mad2
B —— TRAP1_mad2_MSA
0 u 1 1 1 I 1 1 1 ] 1 1 1 I 1 1 1 I L 1 1 I
0 20 40 60 80 100
1-specificity

Figure 4 TRAPI, mad2, MSA joint analysis results.

Note: The AUC, sensitivity, and |-specificity of the combined diagnosis of the three are the highest.

serum MSA and mad2. The former may play a role as
a tumor suppressor.

The advantage of TRAP1 over mad2 and MSA is that,
compared with healthy controls, the concentration of SCLC
can be reduced by more than 4 times. In this research, the
differences between TRAPI1, mad2 and MSA in SCLC,
NSCLC and PN are all statistically significant. Therefore,
the three can be distinguished by the difference in expression.
Studies have found that PN is closely related to the occur-
rence of lung cancer.'® The variety between the PN group
and the healthy control group was statistically significant in
TRAPI1, while there was no difference or no difference
between MAD?2 and MSA. Therefore, TRAP1 has potential
value for early detection of PN and early prevention of lung
cancer. Moreover, the expression level of TRAP1 was nega-
tively correlated with the clinical stage, stage I~II was sig-
nificantly higher than stage III~IV (P<0.05). The level of
TRAPI is also significantly different between metastasis and

non-metastatic, non-metastatic group is significantly higher
than that of metastatic group (P<0.05). This is of great sig-
nificance for the early diagnosis of SCLC.

When the TRAP1 cut-off value is 209.26pg/mL, the AUC
is 0.903, the sensitivity for diagnosing SCLC is 93.33%, and
the specificity is 75.29%, showing good diagnostic value.
When the MSA cut-off value is 97.10pg/mL, the AUC is
0.919, the sensitivity is 61.63%, the specificity is 98.10%.
Although AUC is higher than TRAPI, it is less sensitive, and
the diagnostic value is moderate. The AUC of mad2 is 0.835,
the sensitivity is 56.98%, the specificity is 92.38%, the diag-
nostic value is moderate, and it is comparable to MSA. From
the results, it can be seen that TRAP1 has significantly better
diagnostic value for SCLC than the other two indicators.
However, combined detection can achieve higher sensitivity
and specificity, so it is a better choice. Through binary logistic
analysis, TRAP1 combined with mad2 has an AUC of 0.954,
and the sensitivity and specificity can reach 77.91% and
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Figure 5 TRAPI serum level and SCLC, including staging and metastasis.
Note: *Represents the difference is statistically significant, P<0.05.

98.10%. Compared with the detection of TRAPI alone, the
diagnostic value is not much improved; TRAP1 combined
with MSA has an AUC of 0.988, which has better sensitivity
and specificity, reaching 93.02% and 98.10%, which is signifi-
cantly higher than detecting TRAP1 alone; the combination of
TRAPI1, mad2 and MSA has the best sensitivity and specificity,
which is 95.35% and 99.05% and much higher than the three
separate tests. This provides a valuable new method for the
diagnosis of SCLC.

Conclusion

In summary, TRAP1 has good early diagnosis and differ-
ential diagnosis significance for SCLC, NSCLC and PN. It
is negatively correlated with the clinical staging of SCLC.
Additionally, TRAP1 is better than MSA and mad2 in
diagnosing SCLC; TRAP1 combined with mad2 and
MSA can significantly improve the specificity and sensi-
tivity of diagnosis, providing a new clinical diagnosis plan.
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