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malignant pleural effusion and tuberculosis
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Abstract N\
Background: Malignant pleural effusion (MPE) and tuberculosis pleural effusion (TPE) are 2 kinds of common pleural diseases. |
Finding efficient and accurate biomarkers to distinguish the 2 is of benefit to basic and clinical research. In the present study, we
carried out the first high-throughput autoantibody chip to screen the beneficial biomarker with samples of MPE and TPE and the
corresponding serum.

Methods: We collected pleural effusion and serum of patients with MPE (n=10) and TPE (n=10) who had been in Beijing Chao-
Yang hospital from June 2013 to August 2014. Using RayBio Human Protein Array-G2 to measure the concentration of 487 defined
autoantibodies.

Results: Fold changes of Bcl-2-like protein 11 (BIM) autoantibody in MPE-serum/TPE-serum and MPE/TPE groups were 10
(P=.019) and 6 (P=.001); for decorin autoantibody, MPE-serum/TPE-serum ratio was 0.6 (P=.029), and MPE/TPE ratio was 0.3

(P<.001).

Conclusion: BIM autoantibody is a promising MPE biomarker by high-throughput autoantibody analysis in MPE and TPE.
Abbreviations: BIM = Bcl-2-like protein 11, MPE = malignant pleural effusion, OS = overall survival, TPE = tuberculosis pleural

effusion.
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1. Introduction

Pathogenesis of pleural effusion with exudates needs to be
extensively investigated for so many causes will lead to the
disease.!"! Pleural malignant disease and tuberculosis pleurisy are
2 challenging conditions to identify when facing with recurrent
undiagnosed exudate."™! The annual incidence was about
15,000 cases in the year of 2000 for malignant pleural effusion
(MPE) in the United States,””! and MPE shortened the life
expectancy of lung cancer patients, severely,”! but there is no
beneficial fluid biomarker for clinical use for MPE.!" Although
sputum cultures, adenosine deaminase, and inerleukin-27 marker
provide benefit for tuberculosis pleural effusion (TPE) diagno-
sis,!* 8! not all centers afford the available technique. Novel
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pleural fluid markers should be exploited to provide more
effective method for diagnosis of pleural effusion.

Autoantibodies are kinds of antibodies produced by immune
system, they react with self and non-self antigens, which
participate in variety of activities, and their dysfunction may
also lead to many diseases.””! The autoantibodies have the
potential role to indicate the disease status and its clinical
evolution prediction."”! It has been reported that detection of
platelet autoantibody provided benefit to guide for optimizing
thrombocytopenia treatment."!! Autoantibodies may be useful
blood-based biomarkers for early-stage Parkinson disease
diagnosis. Studies on autoantibodies with cancer patients
suggested the autoantibodies in biological fluids to be useful
diagnosis marker and therapy target.”'3! In recent years,
autoantibodies derived from pleural effusion have been tested
for diagnosis of lupus pleuritis and tuberculosis."* 8! Our
present study use high-throughput array method to profile the
autoantibodies in MPE, TPE, and also in corresponding serum,
which may provide novel biomarker or target for MPE and TPE
diagnosis or treatment.

2. Patients recruited

The studies is under the proven of ethics committees Beijing
Chao-Yang hospital, Capital Medical University, and all
participants recruited from June 2013 to August 2014 provided
written informed consent. MPE patients were diagnosed by
demonstration of malignant cells in pleural fluid and/or on
pleural biopsy specimens, and all of these were adenocarcinomas,
histologically. TPE patients were diagnosed by Ziehl-Neelsen
stains or Lowenstein-Jensen cultures of pleural fluid; sputum or
pleural biopsy specimens were positive if granulomas were
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present in the parietal pleural biopsy specimens. All patients
recruited had not received any anticancer treatment, antituber-
culosis therapy, corticosteroids, or other nonsteroidal anti-
inflammatory drugs when collecting samples.

3. Sample collection and processing

Pleural fluid and blood were collected before receiving any
treatment and were centrifuged at 1500rpm at 4°C for 10
minutes, and the cell-free supernatant was analyzed immediately
or stored at —80°C waiting for future measurement.

4. Detection of autoantibodies by microarray

For RayBio Human Protein Array-G2, 487 native or recombi-
nant proteins are spotted onto the surface of a solid glass slide
support, which can monitor the presence of autoantibodies. We
carried out the profiling test following RayBio Human
Protein Array G Series protocol of detecting autoantibodies,
and capture the signals using laser scanner, Axon GenePix by cy3
channel.

5. Data extraction and normalization

The captured array signal was extracted with GenePix. The signal
intensities can simply be analyzed by importing the fluorescence
values into RayBio analysis tool (Cat. # 02-PAH-G2). Then the
data obtained from the array image will be automatically
computed. The positive control is a controlled amount of
biotinylated protein printed on the arrays in triplicate; the raw
data normalization is used to compare data between different
samples by accounting for the differences in signal intensities of
the positive control spots on those arrays. The normalized values
are calculated as follows:

Pr
Xs =X —
NnAS S><PS

e Pr: the average signal density of the positive control spots on
the reference array (r).

e Ps: the average signal density of the positive control spots on
the sample array (s).

e Xs: the signal density for a particular spot (X) on sample array
(s).

e nXs: the normalized Xs value.
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Patient demographics and biochemical and cytological charac-
teristics of pleural effusions.

MPE (n=10) TPE (n=10)

Age, y 56.1+3.9 49.4+4.9
Sex

Male 5 5

Female 5 5
ADA, U/L 146+23 49.8+10.9
LDH, U/L 582.9+179.3 240.3+41.8
Protein, g/L 502+2.2 46.4+1.9
Glucose, mmol/L 44406 58+0.3
White cell counts, x10%L 21+038 3.0+0.7

ADA=adenosine deaminase, LDH=lactate dehydrogenase, MPE=malignant pleural effusion,
TPE=tuberculosis pleural effusion.|

6. Statistical analysis

Data were expressed as mean+SD, changes of different
autoantibodies in different groups were calculated by the
concentration ratio between different groups. Comparisons of
data between different groups were performed using Mann-
Whitney U test. All statistical analyses were performed by SPSS
20.0 (SPPSS Inc, Chicago, IL); a P value <.05 was considered as
statistically significant.

7. Results

In this study, PE and blood from 10 MPE and 10 TPE patients
were collected to carry out the following analysis. The basic
demographic, biochemical, and cytological characteristics in
pleural effusions are listed in the Table 1. The expression level of
autoantibodies was detected (Supplementary Figure 1 and 2,
http:/links.lww.com/MD/D242), calculated, and normalized.
Concentration ratios between different groups have been
calculated and autoantibodies with a P value <.05 were listed
in Tables 2 and 3.

Analysis between MPE-serum/TPE-serum ratio and MPE/TPE
ratio showed that most of the MPE-serum/TPE-serum and MPE/
TPE fold change values were <1, which suggested lower
autoantibodies concentration in MPE-serum and MPE compared
with TPE-serum and TPE. What was interesting, fold changes of
Bcl-2-like protein 11 (BIM) autoantibody in MPE-serum/TPE-
serum and MPE/TPE groups were 10 (P=.019, Table 2) and 6
(P=.001, Table 3), respectively. Whisker/box plot was drawn to

Comparison between MPE-serum and TPE-serum autoantibodies concentration.

MPE-serum TPE-serum MPE-serum/TPE-serum Mann-Whitney U test

Sample names Average SD Average SD Fold change P

HMGB1/HMG-1 845 660.58919 2603 1846.6299 0.32466176 .002
ApoB 14 12.668595 35 37.742225 0.39172284 019
BIM 110 117.32822 10 12.771792 10.4750998 019
Decorin 174 316.4493 307 269.59574 0.56648717 .029
BAK1 18 8.3865578 32 20.520364 0.55277809 .035
Presenilin-1 109 94.401155 262 188.61491 0.4158771 035
Osteocalcin 334 686.62119 1151 1301.9525 0.29003813 .043

ApoB =apolipoprotein B, BAK1 =BCL2 antagonist/killer 1, BIM=Bcl-2-like protein 11, HMGB1/HMG-1 = high-mobility group protein 1, MPE =malignant pleural effusion, TPE =tuberculosis pleural effusion.
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Comparison between MPE and TPE autoantibody concentrations.

MPE TPE MPE/TPE Mann-Whitney U test

Sample Names Average SD Average SD Fold change P

Decorin 128 124.2907 488 215.43104 0.2628425 .000
BIM 427 441.25286 71 90.419362 5.9997465 .001
Sonic Hedgehog/Shh 73 47.895398 471 836.84178 0.1541609 .007
Cystatin C 16 35.548029 108 136.72172 0.1468938 .019
GSTa 1508 2454.3705 3609 3908.2906 0.4177651 .019
SUMO-2 130 164.72424 1657 3924.6814 0.0783431 .019
TNF-alpha 21 18.104631 344 388.9342 0.062278 019
IL-17A 152 151.77717 388 27214543 0.3915763 .023
IL-31 32 29.482801 91 73.127348 0.353467 .023
NDP kinase A 398 423.29807 2313 4478.7726 0.1722213 .023
Androgen receptor 1374 2243.9086 2874 2504.4582 0.4780168 .029
Lactoferrin (LTF) 239 292.6266 843 1117.5935 0.2835083 .043

BIM =Bcl-2-like protein 11, IL-17A=interleukin-17A, IL-31 =interleukin-31, MPE = malignant pleural effusion, NDP = nucleoside diphosphate, SUMO-2 = small ubiquitin-related modifier 2, TNF-alpha = tumor

necrosis factor alpha, TPE=tuberculosis pleural effusion.

show the BIM autoantibody concentration distribution among
different groups (Fig. 2). The result indicated that BIM
autoantibody concentration was higher both in MPE and
MPE-serum than that in TPE and TPE-serum and BIM may
function in the pathogenesis of MPE. Analysis of the published
lung cancer datasets!'”! showed that lung adenocarcinomas
patients with higher levels of BIM expression had significantly
shorter overall survival (OS) than did those expressing lower
levels of BIM (Fig. 1). These results support the notion that BIM
functions as a tumor-promoting factor in lung cancer progres-
sion.

Decorin was another interesting autoantibody detected in both
groups, although its concentration was lower in MPE and MPE-
serum compared to TPE and TPE-serum; MPE-serum/TPE-serum
ratio was 0.6 (P=.029, Table 2), and MPE/TPE ratio was 0.3
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Figure 1. Kaplan-Meier plots showing overall survival (OS) of Ilung
adenocarcinomas patients stratified by high or low Bcl-2-like protein 11
(BIM) expression. Kaplan-Meier survival curves showing OS of lung cancer
patients with BIM expression levels. Data are from 720 patients for which
survival information was available. P=4.7e-07, log-rank test. HR =hazard ratio.

(P<.001, Table 3). As Decorin autoantibody concentration was
higher both in TPE and TPE-serum when compared with MPE
and MPE-serum, respectively, it may function in the pathogenesis
of TPE and be a promising biomarker for TPE.

8. Discussion

It is challenging to distinguish between malignant and TPE, in
the present study; we carried out the first high-throughput
autoantibody screening by using RayBio Human Protein Array-
G2 chip with 487 defined autoantibodies. In the analysis of the
results, most listed autoantibodies concentration was lower in
MPE-serum and MPE compared with TPE-serum and TPE,
which may indicated the immune status was more active in TPE
patients than that in MPE patients. We found 2 interesting
autoantibodies, BIM and Decorin. Both in MPE-serum/TPE-
serum and MPE/TPE groups, BIM autoantibody was the only
target with the fold-change value >1, which suggested that its
concentration in MPE is higher than that in TPE, and the results
are similar when compared between MPE-serum and TPE-serum.
Decorin autoantibody was the other target listed in both groups;
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Figure 2. Whisker/box plot showing distribution of BIM autoantibody intensity
from different samples. To each group, n=10. MPE/ TPE, P=.001; MPE-
serum/TPE-serum, P=.019, Mann-Whitney U test. BIM=Bcl-2-like protein
11, MPE=malignant pleural effusion, TPE=tuberculosis pleural effusion.
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its concentration is higher in TPE-serum and TPE than that in
MPE-serum and MPE.

BIM, also called Bcl-2-like protein 11, is a protein that in
humans is encoded by the BCL2L11 gene.*”! BIM functions in a
variety of physiology and pathology events, starvation or drug
could induce dual role of BIM in apoptosis and autophage, BIM is
involved in autoimmune diseases, neurogenerative disorders,
diabetes, fibrosis, cancer, and myelo/lymphoproliferative disor-
ders.”?™ Up to now, there are several kinds of compounds
designed based on BIM-BH3 domain to be anti-cancer agent.
ABT-737,2%231 ABT-263,*1 and A-1210477"7 either are the
preclinical or clinical anti-cancer drugs, which are efficient
against tumors. Although GX15-070 alone is not efficient as a
single agent to treat cancer, but it can increase the susceptibility of
multiple myeloma cells to other chemotherapeutic drugs.”*®’
Whisker/box plot analysis was done to visualize the effects of
potential outliers on the conclusion, and the conclusion was the
same when omitting the one of the possible outlier in MPE. BIM
autoantibody is the only candidate which concentration are both
higher in MPE-Serum and MPE when compared with TPE-Serum
and TPE by using high-throughput autoantibody chip screening.
The phenomenon suggested that BIM autoantibody may function
in the pathogenesis of MPE, and be a promising biomarker for
MPE. Decorin is a prototype small leucine-rich proteoglycan; it
functions in collagen angiostasis, fibrillogenesis, wound repair,
tumor growth, autophagy, and inflammation.”””! In this study,
Decorin is the only autoantibody whose concentration is higher
in both TPE-Serum and TPE compared with MPE-serum and
MPE, respectively, and it may play a role in the pathogenesis of
TPE.

As the present study was an exploratory and tentative research,
the samples of pleural effusion and blood were obtained from
only 10 MPE and 10 TPE patients. More patients should be
recruited in the study and more functional test of BIM and
Decorin on MPE and TPE should be done in the future.

Author contributions

Formal analysis: Fengshuang Yi, Xin Zhang.
Investigation: Fengshuang Yi, Xin Zhang.
Methodology: Xin Zhang.

Project administration: Fengshuang Yi.

Resources: Fengshuang Yi.

Software: Xin Zhang.

Supervision: Fengshuang Yi.

Validation: Xin Zhang.

Writing — original draft: Fengshuang Yi, Xin Zhang.
Writing — review & editing: Fengshuang Yi, Xin Zhang.

References

[1] Beaudoin S, Gonzalez AV. Evaluation of the patient with pleural
effusion. CMAJ 2018;190:E291-5.

[2] Hooper C, Lee YC, Maskell N, et al. Investigation of a unilateral pleural
effusion in adults: British Thoracic Society Pleural Disease Guideline
2010. Thorax 2010;65(suppl 2):ii4-17.

Medicine

[3] Rivera MP, Mehta AC, Wahidi MM. Establishing the diagnosis of lung
cancer: diagnosis and management of lung cancer, 3rd ed: American
College of Chest Physicians evidence-based clinical practice guidelines.
Chest 2013;143(5 suppl):e1425-65S.

[4] American Thoracic SocietyManagement of malignant pleural effusions.
Am ] Respir Crit Care Med 2000;162:1987-2001.

[5] Porcel JM. Malignant pleural effusions because of lung cancer. Curr
Opin Pulm Med 2016;22:356-61.

[6] Conde MB, Loivos AC, Rezende VM, et al. Yield of sputum induction in
the diagnosis of pleural tuberculosis. Am ] Respir Crit Care Med
2003;167:723-S.

[7] Wang W, Zhou Q, Zhai K, et al. Diagnostic accuracy of interleukin 27
for tuberculous pleural effusion: two prospective studies and one meta-
analysis. Thorax 2018;73:240-7.

[8] Liang QL, Shi HZ, Wang K, et al. Diagnostic accuracy of adenosine
deaminase in tuberculous pleurisy: a meta-analysis. Respir Med
2008;102:744-54.

[9] Silosi I, Silosi CA, Boldeanu MV, et al. The role of autoantibodies in
health and disease. Rom ] Morphol Embryol 2016;57(2 suppl):633-8.

[10] Damoiseaux ], Andrade LE, Fritzler M], et al. Autoantibodies 2015:
from diagnostic biomarkers toward prediction, prognosis and preven-
tion. Autoimmun Rev 2015;14:555-63.

[11] Porcelijn L, Huiskes E, Oldert G, et al. Detection of platelet autoanti-
bodies to identify immune thrombocytopenia: state of the art. Br J
Haematol 2018;182:423-6.

[12] DeMarshall CA, Han M, Nagele EP, et al. Potential utility of
autoantibodies as blood-based biomarkers for early detection and
diagnosis of Parkinson’s disease. Immunol Lett 2015;168:80-8.

[13] Edelsberg J, Weycker D, Atwood M, et al. Cost-effectiveness of an
autoantibody test (EarlyCDT-Lung) as an aid to early diagnosis of lung
cancer in patients with incidentally detected pulmonary nodules. PLoS
One 2018;13:¢0197826.

[14] Porcel JM, Ordi-Ros J, Esquerda A, et al. Antinuclear antibody testing in
pleural fluid for the diagnosis of lupus pleuritis. Lupus 2007;16:25-7.

[15] Wang DY, Yang PC, Yu WL, et al. Serial antinuclear antibodies titre in
pleural and pericardial fluid. Eur Respir J 2000;15:1106-10.

[16] Win T, Groves AM, Phillips GD. Antinuclear antibody positive pleural
effusion in a patient with tuberculosis. Respirology 2003;8:396-7.

[17] Khare V, Baethge B, Lang S, et al. Antinuclear antibodies in pleural fluid.
Chest 1994;106:866-71.

[18] Toworakul C, Kasitanon N, Sukitawut W, et al. Usefulness of pleural
effusion antinuclear antibodies in the diagnosis of lupus pleuritis. Lupus
2011;20:1042-6.

[19] Gyorffy B, Surowiak P, Budczies J, et al. Online survival analysis
software to assess the prognostic value of biomarkers using tran-
scriptomic data in non-small-cell lung cancer. PLoS One 2013;8:¢82241.

[20] O’Connor L, Strasser A, O’Reilly LA, et al. Bim: a novel member of the
Bcl-2 family that promotes apoptosis. EMBO ] 1998;17:384-95.

[21] Sionov RV, Vlahopoulos SA, Granot Z. Regulation of Bim in health and
disease. Oncotarget 2015;6:23058-134.

[22] Hikita H, Takehara T, Shimizu S, et al. The Bcl-xL inhibitor, ABT-737,
efficiently induces apoptosis and suppresses growth of hepatoma cells in
combination with sorafenib. Hepatology 2010;52:1310-21.

[23] Oltersdorf T, Elmore SW, Shoemaker AR, etal. An inhibitor of Bel-2 family
proteins induces regression of solid tumours. Nature 2005; 435:677-81.

[24] Faber AC, Garago AF, Costa C, et al. Assessment of ABT-263 activity
across a cancer cell line collection leads to a potent combination therapy
for small-cell lung cancer. Proc Natl Acad SciUS A 2015;112:E1288-96.

[25] Leverson JD, Zhang H, Chen ], et al. Potent and selective small-molecule
MCL-1 inhibitors demonstrate on-target cancer cell killing activity as
single agents and in combination with ABT-263 (navitoclax). Cell Death
Dis 2015;6:¢1590.

[26] Trudel S, Li ZH, Rauw ], et al. Preclinical studies of the pan-Bcl inhibitor
obatoclax (GX015-070) in multiple myeloma. Blood 2007;109:5430-8.

[27] Gubbiotti MA, Vallet SD, Ricard-Blum S, et al. Decorin interacting
network: a comprehensive analysis of decorin-binding partners and their
versatile functions. Matrix Biol 2016;55:7-21.



	High-throughput autoantibody analysis in malignant pleural effusion and tuberculosis pleural effusion
	1 Introduction
	2 Patients recruited
	3 Sample collection and processing
	4 Detection of autoantibodies by microarray
	5 Data extraction and normalization
	6 Statistical analysis
	7 Results
	8 Discussion
	Author contributions
	References


