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Abstract: Malignant mesothelioma is a malignant tumor primarily found on the serosal surface,
which can invade the pleura, peritoneum, tunica vaginalis and pericardium. Due to lack of spe-
cific clinical symptoms, less than 5% of the patients can be diagnosed early. Therefore, a safe,
effective and simple method for early diagnosis is urged. Circulating biomarkers are rich in types
and can be used as non-invasive diagnostic method with great value. At present, proteins and re-
lated metabolites such as soluble mesothelin related proteins, megakaryocyte promoting factor,
osteopontin have been extensively studied. In recent years, the rise of proteomics has led to the
discovery of potential biomarkers such as fibrin-3 and high mobility group box 1. At the same
time, the genomics studies have found that microRNAs, such as miR-126, miR-103 and miR-
92a, as stable endogenous substances, are often maladjusted in cancer and can be used as impor-
tant biomarkers for the detection of malignant mesothelioma. This article introduces the characte-
ristics of proteins, metabolites and genomics in malignant mesothelioma, and summarizes the
promising circulating biomarkers of mesothelioma studied in recent years.
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T P19 11 PR 36 TR AR M e 48 AR o Javadi 55 M HLBOE M
5% 15) B 98 8 % (n=42) F L AEREAS (n=40) i I B
1 Galectin 1 FRik K, & B W4 il s a] jz 983 £8 3
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K W 22 K (epidermal growth factor re-
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miR-16 .miR-17 .miR-197-3p .miR-32-3p %, #&1fij , Ik
i RNA FiE il H g K, i F2 45 IncRNA [circRNA |
siRNA 1 piRNA %5 | AH G A 5E C 28 0k WA 8 36 b 193X
Se g fih RNA 75 i 15 0 1 W St 1) B2 08 1) 2B R
RAGEAAE—E R EER . BT A w157
Jp IR, A A 229 9 Bt 1R A2 kg At g B B R 9 0
BT 18] K T8 I PR AR AS AR 2D 5 W] i 2 1 A ™
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Table 1 Protein and metabolite markers

Proteins and L . Refer-
. Origination Meaning
metabolites ence
Soluble Serum and pleural effusion in 74 Scherpereel, et al. The area under the subject operating characteristic [17]
mesothelin-  mesothelioma, 35 patients with curve (AUC) of serum SMRPs used to distinguish mesothelioma and be-
related pleural metastasis of cancer, and nign lesions was 0.872(sensitivity=80%, specificity=82.6%). The AUC of
peptides 28 patients with benign pleural le- serum SMRPs for differentiating metastasis and mesothelioma was 0.693
(SMRPs) sions associated with asbestos ex- (sensitivity=58.3%, specificity=73.3%). The SMRPs in pleural effusion

posure

was higher than that in serum in all groups

13 studies were included in meta- Gao, et al. Summarized 13 studies and summarized the results of SMRPs in  [18]

analysis

the diagnosis of mesothelioma in pleural effusion. The summary analysis

showed that the sensitivity was 68% and the specificity was 91%. The
summary AUC area was 0.75. Subgroup analysis showed that the AUC of
the cohort group with histological diagnosis could be increased to 0.86
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(Continued)Table 1 Protein and metabolite markers

Proteins and L . Refer-
. Origination Meaning

metabolites ence

Soluble 217 patients with stage I or I Hollevoet, et al. Included 16 studies for meta-analysis, summarized the [19]

mesothelin-  epithelioid, bipolar mesothelioma  data results, and evaluated the application of mesothelin in early diag-

related and 1612 patients with symptoms  nosis. The result area under the ROC curve was 0.77. The specificity

peptides or high-risk control group was 95% and the sensitivity was 32%

(SMRPs) 44 patients with mesothelioma, Robinson, et al. The concentration of SMRPs increased in 37(84%) of 44 [20]
169 patients with other tumors or  patients with mesothelioma, 3(2%) of 160 patients with other cancers or
inflammatory lung disease or other inflammatory lung diseases or pleural diseases, and there was no
pleural disease, and 28 controls increase in the concentration of SMRPs in 28 controls
(non asbestos exposed patients)

Megakary- 101 healthy controls, 46 patients Serum SMRPs and MPF levels could distinguish mesothelioma patients  [7]

ocyte with benign respiratory diseases, from other cohorts(P<0.001). In addition, no significant difference was

promoting 89 healthy asbestos contacts, 123 found between SMRPs and MPF (SMRPs=0.871, MPF=0.849; P=0.28).
factor(MPF)  patients with benign asbestos re-  Further studies confirmed the equivalent diagnostic performance of SM-
lated diseases, 63 patients with RPs and MPF in distinguishing mesothelioma from other diseases
lung cancer and 85 patients with
mesothelioma
Osteopontin , 7 studies were included in meta- The combined sensitivity was 57% and the specificity was 81%. The data [21]
OPN analysis suggested that OPN may be a useful diagnostic marker of mesothelioma,
but due to the small sample base, larger studies are needed to confirm
these findings

Calretinin Serum or tissue of 163 patients Johnen, et al. Calretinin can detect all major subtypes except sarcoma- [9]
with mesothelioma and 163 con-  toid mesothelioma. After excluding sarcomatous mesothelioma, the sensi-
trols tivity of calretinin was 71%. Combined with calretinin, the sensitivity of

mesothelin was increased from 66% to 75%
18 studies were included in  Sensitivity and specificity of calretinin in the diagnosis of mesothelioma [22]
meta-analysis were 91% and 96%. The results showed that calretinin may be a useful
diagnostic tool for the diagnosis of mesothelioma

Fibulin-3 Plasma of 92 mesothelioma, 136 Pass HI, et al. Level of Fb-3 did not change with age, gender, asbestos [23]

(Fb-3) non neoplastic asbestos contacts, exposure time or imaging changes. The level of Fb-3 in mesothelioma
93 non mesothelioma exudates patients was significantly higher than that in asbestos exposed patients
and exudate of 43 healthy controls,  without mesothelioma(P<0.001). The level of Fb-3 in exudate of patients
exudates of 7 mesothelioma, 39  with mesothelioma was significantly higher than that of patients without
benign patients and 54 other tu-  mesothelioma(P<0.001). It had 96.7% sensitivity and 95.5% specificity for
mors early mesothelioma combined with asbestos exposure
Serum and pleural effusion in 9  Creaney, et al. Fb-3 was significantly increased in serum and pleural ef-  [24]
patients with benign pleural ef- fusion. The sensitivity of serum Fb-3 to mesothelioma was 100%, 78% to
fusion and 25 patients with non malignant exudate, 82% to malignant exudate caused by metastatic
mesothelioma disease, and 88% to mesothelioma
7 studies were included in meta- Combined sensitivity and specificity of Fb-3 in distinguishing mesothe-  [25]
analysis lioma and cancer-free individuals were 62% and 82%, corresponding to

AUC of 0.81

High mobility Serum from 13 patients with dif-  Tabata, et al. The diagnostic sensitivity of HMGB1 was 53.8% and the [26]

g e 1 fuse 'malignant I.)eritonf.:al specificity was 97.8%
mesothelioma and 45 patients with

(HMGBI) benign asbestos related diseases
Blood samples of 22 patients with  HMGBI1 serum level can reliably distinguish malignant pleural mesothe-  [11]
malignant pleural mesothelioma, lioma, asbestos exposed individuals and unexposed control groups.

20 individuals with long-term ex- Compared with the healthy control group, the total HMGB1 of malignant
posure to asbestos, 38 patients pleural mesothelioma and asbestos exposed persons was significantly
with benign pleural effusion or increased. When the specificity was 100%, the sensitivity was 72.73%,
malignant pleural effusion caused the sensitivity was 100% and the specificity was 5%
by non malignant mesothelioma,
and 20 healthy controls
228 Jit g % A 5 2022 4 % 28 % 3



(Continued)Table 1 Protein and metabolite markers

Proteins and S . Refer-
) Origination Meaning
metabolites ence
Galectin 1 Pleural effusion in 6 cases of Compared with malignant pleural mesothelioma patients, Galectin 1 [27]
mesothelioma, 6 cases of lung was highly expressed in lung adenocarcinoma and had been proved
adenocarcinoma and 7 cases of to be a good predictor of metastatic cancer and malignant mesothe-
benign mesothelioma lioma
Epidermal A database of patients treated Chia, et al. EGFR was overexpressed in 93%(299/321) of patients, and  [13]
growth factor from 1988 to 2014 from the De-  the expression increased by more than half in 64% of cases. Overex-
receptor partment of Thoracic Surgery, pression of EGFR in mesothelioma was more common in epithelioid
(EGFR) Austin Hospital, Melbourne, Aus-  cell subtypes. EGFR expression was not associated with survival.
tralia EGFR conformation associated with EGFR imbalance was found in
8.2% of cases, and the prognosis of these tumor patients was worse
Syndecan-1 42 malignant pleural mesothe-  Malignant pleural mesothelioma patients expressed higher levels of [12]
(SDC-1) lioma patients and 40 benign pa- SDC-1 than benign patients. It was a more reliable biomarker than
tients MMP, and the related AUCs was 0.93
Matrix 49 malignant pleural mesothe- The expression of MMP-7 had high specificity, but only moderate [15]
metallopro- lioma patients and 307 other tu-  sensitivity. It could be used as a diagnostic basis for differentiating
teinase-7(MMP-7)  mors benign and malignant mesothelial cell carcinoma
Programmed 84 mesothelioma Compared with patients with PD-L1 negative tumors, the expression [16]
death-1 ligand 1 of PD-L1 positive tumors was higher(30%)(P=0.288)
(PD-L1) Regardless of the tissue type of malignant pleural mesothelioma, the
level of sPD-L1 was significantly higher than that of sPD-1(P=0.001),
and there was a positive correlation(P<0.001)
The PD-LI concentration in pleural effusion was correlated with the
increasing trend of OS(P=0.062)
CA125 Serum of 74 patients with malig-  The univariate analysis showed that there were significant differ- [28]
nant peritoneal mesothelioma ences in the survival time of patients with new TNM stage, serum
CA125 level, lymph node metastasis and extraperitoneal metastasis
(P<0.05). The new TNM staging system and serum CA125 are close-
ly related to the prognosis of malignant peritoneal patients
Apolipoprotein 41 pleural effusion and 48 patients The AUC of apolipoprotein CI was 0.755, and its expression level [29]
CI with effusion from other causes could be used to identify mesothelioma and other exudates
Cytokeratin 5/ Pleural effusion in 5 malignant Compared with AC patients, the expression of S100 in malignant pleural [30]
6, serum pleural mesothelioma, 5 cases of mesothelioma patients was 2.5 times higher than that in AC patients
amyloid-2, lung adenocarcinoma (AC) and 5 Compared with AC patients, the expression of cytokeratin 5/6 in
S100, 14-3-3 cases of breast cancer malignant pleural mesothelioma patients was greatly increased. Some
epsilon, 14-3-3 studies have found that the expression of cytokeratin 5/6 in malig-
theta and nant pleural mesothelioma was 75% to 100%, while the expression
fibronectin in AC was only 2% to 20%
The 14-3-3 protein epsilon and 14-3-3 protein theta in malignant
pleural mesothelioma exudate were 2.1 and 2.4 times higher than
those in AC exudate, respectively
Compared with breast cancer samples, the expression of malignant
pleural mesothelioma in serum amyloid-2 was significantly up-regu-
lated, which was 2.5 times
BRCA1 212 malignant pleural mesothe- BAPI is often lost in malignant pleural mesothelioma, especially the [31]
associated lioma, 12 cases of benign mesothe-  epithelioid/biphasic subtype, which is usually associated with ho-
protein 1(BAP1) lioma and 42 cases of reactive mozygous BAP1 deletion. BAPI immunostaining is an excellent
mesothelioma biomarker with 100% specificity in the identification of benign and
malignant mesothelial hyperplasia
Vascular 108 malignant pleural The level of serum VEGFE in patients with malignant pleural [8]
epidermal growth mesothelioma mesothelioma was significantly higher than that in patients with oth-
factor(VEGF) er types of tumors
229
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Table 2 Potential circulating miRNAs biomarkers of malignant mesothelioma

miRNA Meaning Sample Refer-
ence
miR-26b 1 Compared with the non cancerous pleural effusion control group, higher levels were de- Serum [34]
miR-25 1 tected in the serum of malignant pleural mesothelioma patients
miR-101 1 Related studies showed that the content of serum was correlated with prognosis
miR-126 | Low levels can distinguish malignant pleural mesothelioma from healthy people and pa- Serum  [35-36]
tients with non-small cell lung cancer, which also means poor prognosis
Although the accuracy of miR-126 is lower than that of SMRPs, the combination of
miR-126 and SMRPs can greatly improve the diagnostic accuracy of malignant mesothe-
lioma
In malignant pleural mesothelioma, miR-126 was correlated with SMRPs and VEGF
miR-223 | Lower levels were detected in the serum of patients with malignant pleural mesothelioma Serum [34]
miR-191 | compared with the control group of patients with non cancerous pleural effusion
miR-20a | Lower serum levels were detected in mesothelioma patients compared with healthy con- Serum [37]
trols
miR-103/miR- The differential diagnosis between mesothelioma patients and those exposed to asbestos: Periph- [37]
103a-3p | the sensitivity was 83% and the specificity was 71%. The sensitivity and specificity of eral
differential diagnosis between mesothelioma patients and healthy people were 78% and blood
76%. Combined with mesothelin, the diagnostic performance was improved, with sensi-
tivity of 86% and specificity of 85%
miR-132-3p | The sensitivity and specificity of differential diagnosis between mesothelioma patients Plasma [38]
and asbestos exposed persons were 86% and 61%, respectively. miR-132-3p was com-
bined with mesothelin to improve the diagnostic accuracy
miR-92a 1 Higher levels were detected in the plasma of mesothelioma patients compared with Plasma [39]
miR-29¢ 1 healthy controls
miR-196b 1
miR-16 | Lower levels were detected in mesothelioma and asbestos exposed patients compared Plasma/  [32]
miR-17 | with healthy controls. The decrease of miR-16 suggested that the prognosis of mesothe- Tissue [40]
miR-486 | lioma patients was poor. The anti proliferation effect of miR-486 on mesothelioma cells
was centered on the decrease of PIM1 (inhibiting cell proliferation by blocking cells in
Gy/G, phase)
miR-197-3p 1 Higher levels were detected in the serum of patients with malignant pleural mesothe- Serum [41]
miR-1281 1 lioma compared with healthy controls
miR-32-3p 1 Bononi, et al. Up regulation of miR-197-3p expression led to the down regulation of
FOXO3 gene expression in vivo, and finally blocked autophagy of tumor cells. They
speculated that miR-1281 and miR-32-3p also affect oncogenes in vivo in a similar way,
resulting in uncontrolled cell proliferation and tumor formation
miR-3351 Compared with the control group of patients with non cancerous pleural effusion, malig- Serum [34]
miR-433 1 nant pleural mesothelioma patients often overexpressed. It suggested poor prognosis
miR-625-3p 1 Compared with the healthy control group, higher levels were detected in the plasma of Serum/ [39]
mesothelioma patients, with a diagnostic sensitivity of 73.33% and a specificity of 78.57% Plasma
miR-29¢-5p 1 High miR-29¢-5p had prognostic value Plasma/  [39]
Tissue
miR-29a 1 Compared with the control group of patients with non cancerous pleural effusion, higher Serum [34]
miR-516 1 levels were measured in the serum of patients with malignant pleural mesothelioma
miR-145 | Compared with the healthy control group, lower levels were detected in the tissues of Serum/ [42]
miR-10b | patients with malignant pleural mesothelioma, which had higher sensitivity and specifici- Tissue
miR-320 | ty in the diagnosis of malignant pleural mesothelioma

Pinelli, et al. The decrease of miR-320 was related to the inactivation of p53 pathway
and the immune escape of tumor cells caused by PD-L1 overexpression

Note:Arrows T | indicate that this miRNAs is up / down regulated in mesothelioma patients
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