A novel Interleukin -36γ for diagnosing and differentiating malignant from infectious pleural effusion.
Background: Pleural effusions can be caused by various diseases, making their diagnosis challenging. Light's criteria are often used to distinguish transudative and exudative effusions. Exudative effusions have a more complex etiology, including parapneumonic, tuberculous, and malignant effusion. Objectives: The main objective of this study was to evaluate the effectiveness and sensitivity of Interleukin IL-36γ as a diagnostic marker for differentiating between malignant and infectious pleural effusions. Methods: The study involved 100 patients with pleural effusion. Patients were categorized into five groups based on their final diagnosis. An ELISA technique was used to quantitatively measure the levels of pleural fluid IL-36γ. Results: The results showed that pleural IL-36γ levels were higher in tuberculous pleural effusion compared to malignant, transudative, and uncomplicated pleural effusion. In contrast, pleural IL-36γ levels were higher in complicated pleural effusion compared to tuberculous, malignant, transudative, and uncomplicated pleural effusion. Conclusion: It was concluded that pleural IL-36γ is a novel biomarker that can be used to diagnose and differentiate malignant pleural effusion from infectious pleural effusion.
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Introduction:
Exudative pleural effusions are characterized by a complex etiology and are typically associated with conditions such as parapneumonic pleural effusion (PPE), tuberculous pleural effusion (TPE), and malignant pleural effusion (MPE) [1].
PPE is an exudative pleural effusion that is known by presence of fluid between the two pleural layers with underlying lung infection on the same side (ipsilateral) of the chest. PPE can be categorized into three stages: uncomplicated parapneumonic effusion (UPPE), complicated parapneumonic effusion (CPPE), and thoracic empyema [2].
Distinguishing between UPPE and CPPE/empyema is crucial in clinical practice because it significantly influences treatment decisions. UPPE can often be managed with appropriate antibiotics, while CPPE and empyema usually require more aggressive interventions like pleural drainage or surgery [3].
Clinically, there can be difficulty in differentiating between tuberculous pleural effusion (TPE) and parapneumonic effusion (PPE) due to similarities in both clinical presentation and laboratory findings. This highlights the need for effective diagnostic tools and markers, such as the IL-36γ biomarker to aid in the differentiation of these conditions [4]. 
The interleukin (IL)-36 cytokines are comprised of IL-36 receptor antagonist (IL-36Ra),  anti-inflammatory cytokine, and 3 pro-inflammatory cytokines, IL-36α, IL-36β, and IL-36η. These cytokines are involved in the immune response in a number of ways. Minimal amounts of IL-36 cytokines are produced in a wide range of organs, and their expression patterns vary. Notably, among other organs, the lung is known to express and induce IL-36γ at the highest level. [3].
It has been observed that WNT5A-induced non-classical WNT signaling mediated by IL-36γ has a role in promoting the executing of Mycobacterium tuberculosis (Mtb) by macrophages. It implies that IL-36γ might play a part in modulating the immune response and host defense mechanisms against Mtb infection, potentially making it a significant factor in the context of tuberculosis [5].
Patients and methods: The study was conducted following established ethical standards and received the necessary approvals (RC.19.3.2023). All participants were provided with information about the study's objectives and details, and they gave their informed consent to participate. 
The research is described as a comparative cross-sectional study that included 100 patients chosen by convenient sampling technique according to a specific inclusion and exclusion with pleural effusion of different etiologies; 65 (65%) males and 35 (35%) females and they varied in age from 19 to79 years (mean; 51.85±15.5) admitted at chest department Benha University Hospital in the period between March 2022 and May 2023.
[bookmark: _GoBack]Patients were divided into 5 groups according to their final diagnosis:
1. Group 1: This group consisted of 20 cases (20%) with tuberculous pleural effusion (TPE). There were 10 males and 10 females in this group, and the ages of the patients ranged from 30 years to 60 years.
2. Group 2: Group 2 included 20 cases (20%) with malignant pleural effusion (MPE). In this group, there were 11 males and 9 females, and the patients' ages ranged from 19 years to 73 years.
3. Group 3: This group comprised 20 cases (20%) with uncomplicated parapneumonic pleural effusion (UPPE). It had 13 males and 7 females, with patient ages ranging from 26 years to 75 years.
4. Group 4: Group 4 included 20 cases (20%) with complicated parapneumonic pleural effusion (CPPE). In this group, there were 17 males and 3 females, and the ages of the patients ranged from 23 years to 70 years.
5. Group 5: The final group, Group 5, was made up of 20 cases (20%) with transudative pleural effusion. There were 14 males and 6 females in this group, and the patients' ages ranged from 45 years to 79 years.
Infectious Pleural Effusion (IPE) included parapneumonic pleural effusion and tuberculous pleural effusion, while non-infectious Pleural Effusion (NIPE) included malignant pleural effusion and transudative pleural effusion. 
Inclusion criteria:
According to modified Light's criteria, an effusion was classified as an exudate if it met one or both of the following conditions: effusion protein/serum protein ratio greater than 0.5, Effusion lactate dehydrogenase (LDH)/serum LDH ratio greater than 0.6 [6].
The criteria for inclusion in Group 1, which focuses on patients with tuberculous pleural effusions (TPE): (I &II Plus any of IV or V) 
I. Classification of effusion as exudative based on the modified Light's criteria.
II. ADA level > 40 U/l [7].
III. Tuberculin skin test proved to be positive [8].
IV. The presence of acid-fast bacilli in the pleural effusion examination
V. The presence of caseating granulomas in a biopsy obtained through thoracoscopy or Abram's needle pleural biopsy [9]. 
The inclusion criteria for Group 2, which focuses on patients with malignant pleural effusion (MPE) include: [10]
I. symptomatic pleural effusion that is rapidly accumulating. The effusion should be of a significant volume, typically occupying more than half of a hemithorax.
II. The pleural effusion's chemical analysis should confirm that it is exudative in nature. 
III. Cytological examination of the pleural fluid may reveal the presence of exfoliative malignant cells and should be confirmed by histopathological examination of biopsies obtained through various biopsy methods. These biopsies help in identifying the presence of cancerous cells and the primary malignancy. The requirement for both cytological examination and histopathological examination of biopsies helps establish a robust diagnosis of malignancy in the pleural effusion.
The inclusion criteria for Group 3, which focuses on patients with uncomplicated parapneumonic effusion (UPPE) [11]:
I. Exudative Pleural Effusion Identified based on the modified Light's criteria.
II. Negative Results on Gram Stain and Culture:
III. pH Higher Than 7.2:
IV. Glucose > 40 mg/dl:
V. LDH < 1,000 IU/l:
The inclusion criteria for Group 4, which focuses on patients with complicated parapneumonic effusion (empyema) (CPPE): [12]
I.  Exudative Pleural Effusion Identified based on the modified Light's criteria.
II. Pleural fluid pH < 7.20
III. The glucose concentration in the pleural fluid should be less than 40 mg/dL.
IV. The concentration of lactate dehydrogenase (LDH) in the pleural fluid should be greater than 1000 IU/L.
V. Gram stain and culture results may be positive
Group 5 comprises patients with transudative pleural effusion:
Transudative pleural effusion is identified by its chemical analysis as it does not meet any of modified light criteria [13].  
The exclusion criteria for the study are essential for defining the specific patient population that will be included and ensuring that the study's results are not confounded by certain factors or treatments. Here are the exclusion criteria for the study:
1. Treatment with Anticancer Drugs.
2. Treatment with Anti-Tuberculous Therapy.
3. Using Other Anti-Inflammatory Therapies and Glucocorticoids.
4. Patients Who Refuse to Participate.
The various diagnostic procedures and investigations that were performed on the patients as part of the study included:
1. Full Medical History.
2. Thorough Physical Examination.
3. Routine Laboratory Investigations
· A battery of routine laboratory tests, including complete blood picture, erythrocyte sedimentation rate (ESR), and coagulation profile.
· Liver function tests, focusing on liver enzymes and serum albumin
· Kidney function tests, measuring serum urea and serum creatinine
· Measurement of total serum protein and lactate dehydrogenase (LDH) levels to differentiate transudative from exudative pleural effusions.
4. Radiological Examination:
· Chest imaging, including plain chest X-ray 
· When indicated, additional imaging such as chest CT, abdominal and chest ultrasonography, and echocardiography were performed.
5. Diagnostic Thoracocentesis:
· A diagnostic thoracocentesis was performed, likely to obtain pleural fluid for analysis and diagnosis [14]
6. Tuberculin Skin Test:
· Tuberculin skin test was administered to support the diagnosis of tuberculous pleural effusion E; however, a negative result can be seen in approximately one third of patients [15]
7. Sputum Examination:
· Sputum examination for acid-fast bacilli was conducted as a diagnostic test to identify the presence of mycobacterial infection.
8. Collection and Processing of Pleural Fluid Samples:
the diagnostic examinations and laboratory tests performed on the pleural fluid samples include:
A. Physical Examination of Pleural Fluid:
· This examination includes assessing the color, aspect, turbidity, and specific gravity of the pleural fluid.
B. Chemical Examination of Pleural Fluid:
· This examination includes analyzing proteins, glucose, and lactate dehydrogenase (LDH) in the pleural fluid. Exudative and transudative pleural effusions are classified based on modified Light's criteria, which include criteria related to protein/serum protein ratio, LDH/serum LDH ratio, and absolute LDH value.
C. Bacteriological Examination of Pleural Fluid:
· This examination involves conducting culture and sensitivity tests on the pleural fluid to check for nonspecific infections. Additionally, a smear of pleural fluid is examined for acid-fast bacilli (AFB) using the Ziehl–Neelsen stain.
D. Cytological Examination of Pleural Fluid:
· Cytological examination of the pleural fluid aspirate is performed to detect malignant cells and inflammatory cells, with a specific focus on lymphocytic count and mesothelial cells.
E. Quantitative Measurement of Pleural Fluid IL-36γ:
The study included the measurement of pleural fluid IL-36γ levels using the enzyme-linked immunosorbent assay (ELISA) technique (DuoSet® ELISA, R&D Systems China Co., Ltd.) IL-36γ-specific antibody was bound to a microplate. Unbound capture antibody was washed away. Plates were blocked and washed. Samples were added and any IL-36γ present was bound by the immobilized antibody. Unbound materials were washed away. Streptavidin-Horseradish Peroxidase (HRP) was used to bind to the detection antibody. Unbound streptavidin-HRP was washed away. Tetramethylbenzidine (TMB) substrate solution was added to the wells and a blue color develop in proportion to the amount of IL-36γ present in the sample. 
9. Pleural Biopsies:
· Pleural biopsies were taken for patients in groups 1 (tuberculous pleural effusion) and 2 (malignant pleural effusion) using either closed pleural biopsies with Abram's needle or thoracoscopic biopsies. These biopsies provide histological information for diagnosis.
Data Management:
· The collected data were managed and statistically analyzed using the Statistical Package for Social Science (SPSS) version 16.0. Data were assessed for normality of distribution using statistical tests.
· Categorical data were presented as numbers and percentages.
· Continuous data were presented as mean and standard deviation (SD) for normally distributed data and as median and interquartile range (IQR) for skewed data.
· Statistical tests, such as Mann-Whitney's test and Kruskal-Wallis test, were used for comparing data between groups.
· Correlation analysis was performed using Spearman's correlation coefficient.
· Sensitivity and specificity analyses were conducted using receiver operating characteristic (ROC) curve analysis to evaluate diagnostic accuracy.
The study's data management and statistical analysis procedures aim to provide a comprehensive and rigorous assessment of the collected data and support the study's objectives related to diagnosing and differentiating pleural effusion types.
Results
The median level of IL-36γ in TPE group(n=20) was 774.89 pg/ml, in MPE(n=20) was 158.22 pg/ml, in UPPE(n=20)was 327.11 pg/ml, finally it was 2920.30 pg/ml in CPPE group(n=20). Kruskall Wallis comparison demonstrated that there was a highly significant difference (p <0.001) in IL-36γ across the various study groups (Table 2).
The IL-36γ in infectious and non-infectious pleural effusions differed significantly using Mann Whitney test (p <0.001). Pleural IL36 γ median value was higher in infectious pleural effusions(n=60) (774.89 pg/ml) than in noninfectious ones(n=40) (122 pg/ml) (Table 3). 
Spearman correlation coefficient analysis   demonstrated that in infectious group, pleural ADA (ρ=0.781, p <0.001) and pleural LDH (ρ=0.709, p <0.001) had a highly significant positive correlation to pleural IL36 γ, while tuberculin skin test (ρ= 0.005, p =0.969) had very week correlation to pleural IL36 γ. However, in non infectious group pleural ADA (ρ=0.524, p <0.001) and pleural LDH (ρ=0.739, p <0.001) had a highly significant positive correlation to pleural IL36 γ (Table 5).
The diagnostic cutoff value for diagnosing TPE vs Non TPE was ≥457.58 (p=0.001), with 100% sensitivity, 75% specificity, 95% CI= 0.655- 0.845 and AUC=0.750, that of TPE vs UPPE was ≥391.09 with 100% sensitivity and 95% specificity, 95% CI= 1.0 -1.0 and AUC=1.0 and the cutoff point of IL36 γ for differentiating infectious from non-infectious pleural effusion was ≥186.95 pg/ml (p=0.000) with 100% sensitivity and 98% specificity 95% CI= 0.997-1.0 and AUC= 0.999 (Table 6).
Discussion:
In clinical practice, pleural effusion is a frequently observed complication that can result from a variety of disorders. Even though there are a number of markers for the etiological diagnosis of PE, finding additional biomarkers to increase diagnostic precision is still a major research goal and difficulty [16].
Numerous studies have demonstrated the correlation between IL-36 and the development of a number of illnesses, such as tuberculosis, pneumonia, malignant tumors, and infections. These findings point to a higher possibility that IL-36 contributes to the pathogenic pathways of pleural effusion and may have additional diagnostic ramifications [17].
This study demonstrated that there was a highly significant difference (p <0.001) in IL-36γ across the various study groups; pleural IL-36γ was higher in tuberculous pleural effusion (774.89 pg/ml) than in uncomplicated pleural effusion (327.11pg/ml), malignant (158.22 pg/ml) and transudative (47.87 pg/ml); on the other hand, pleural IL-36γ was higher in complicated pleural effusion (2920.30 pg/ml) than in tuberculous, uncomplicated pleural effusion, malignant and transudative pleural effusion (Table 2).
Guo et al.'s study supported this, finding that the pleural concentrations of IL-36γ in people with PPE, TPE, MPE, and transudate were estimated to be 368.0 (210.0 - 1521.0) pg/ml, 818.5 (569.0, 1157.0) pg/ml, 185.3 (155.9 - 269.0) pg/ml, and 121.9 (46.3 - 196.5) pg/ml, respectively. When compared to MPE and transudative effusion, the pleural level of IL-36γ was considerably higher in PPE and TPE. Nevertheless, no statistically significant differences (p > 0.05) were seen between the PPE and TPE groups. [18].
Additionally, Song and colleagues' investigation revealed that the pleural fluid concentrations of IL-36γ in patients with transudate, MPE, TPE, and PPE were 82.8 ± 15.0 pg/ml, 180.6 ± 11.7 pg/ml, 964.7 ± 121.7 pg/ml, and 1186.1 ± 269.1 pg/ml, respectively. Compared to those with transudate and MPE, those with TPE and PPE diagnoses had significantly greater IL-36γ concentrations. Furthermore, compared to the UPPE subgroup, the CPPE/empyema subgroup showed noticeably higher IL-36γ levels (P < 0.0001). [19].
This makes sense because lung infections caused by a variety of pathogenic bacteria have been associated with the inflammatory cytokine IL-36γ. Macrophages secrete IL-36γ into the extracellular space by encasing it in particles and exosomes, which they make quickly in the lung. [20].
Mtb enters the pleural cavity in modest amounts in TPE, which causes a localized immune response. A substantial T-helper type 1 lymphocyte response happens after neutrophil inflow and monocyte migration. IL-36γ production has been found to be caused by Mtb infection, which activates a host-dependent pathway including the Toll-like receptor and myeloid differentiation primary response gene 88 (MyD88). [21].

This study demonstrated that in infectious group, pleural ADA (ρ=0.781, p <0.001) and pleural LDH (ρ=0.709, p <0.001) had a highly significant positive correlation to pleural IL36 γ, while tuberculin skin test (ρ= 0.005, p =0.969) had very week correlation to pleural IL36 γ. However, in non infectious group pleural ADA (ρ=0.524, p <0.001) and pleural LDH (ρ=0.739, p <0.001) had a highly significant positive correlation to pleural IL36 γ (Table 5).
Guo et al.'s data, which indicated that IL-36γ levels in pleural fluid were favorably correlated with LDH (r = 0.7189, p < 0.0001) in PPE, were in agreement with this. In TPE patients, there is a positive correlation between pleural IL-36γ and pleural ADA (r = 0.4022, p = 0.0375). [18].
The diagnostic cutoff value for diagnosing TPE vs Non TPE was ≥457.58 (p=0.001), with 100% sensitivity, 75% specificity, 95% CI= 0.655- 0.845 and AUC=0.750, that of TPE vs UPPE was ≥391.09 with 100% sensitivity and 95% specificity, 95% CI= 1.0 -1.0 and AUC=1.0 and the cutoff point of IL36 γ for differentiating infectious from non-infectious pleural effusion was ≥186.95 pg/ml with 100% sensitivity and 98% specificity (p=0.000) 95% CI= 0.997-1.0 and AUC= 0.999 (Table 6).
Depending on the previous data, IL36 γ was better to differentiate infectious from non-infectious pleural effusion as sensitivity was 100%, specificity was 98%, p value was 0.000), 95% CI was 0.997-1.0 and AUC was 0.999.
This was in line with Guo et al.'s assessment of the usefulness of pleural fluid IL-36γ in using ROC curves to distinguish UPPE from CPPE/empyema, TPE from UPPE, and IPE (PPE and TPE) from NIPE (MPE and transudate). The AUCs were 0.904 (p = 0.0278), 0.904 (p < 0.0001), and 1 (p = 0.0001), respectively. For the purpose of discriminating between IPE and NIPE, TPE and UPPE, and UPPE and CPPE/empyema, the ideal cut-off values for IL-36γ were 293.0 pg/ml, 657.5 pg/ml, and 736.0 pg/ml, respectively. [17].
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Table (1): Characteristic data of the studied patients and IL36 γ level among them.  
	All patients
	
Frequency (n=100)
	IL36 γ pg/ml (in pleural fluid)
Median (IQR) (n=100)
	Mann Whitney test(Z)
	P

	Age (Mean ±SD)
	51.85±15.5(Min-Max) 19-79
	
	
	

	HTN 
Yes
No 
	
32(32%)
68(68%)
	301.01(684.0)
343.0(2179.0)
	
1.20
	
0.230

	D.M
No
Yes 
	
66(66%)
34(34%)
	323.50(682.45)
327.11(2020.0)
	
0.440
	
0.660

	Smoking
No
Yes
	
44(44%)
56(56%)
	301.01(669.0)
343.0(1685.0)
	
1.059
	
0.290

	Sex  
Female 
Male

	
35(35%)
65(65%)
	288.03(620.0)
334.0(2028)
	
0.734
	
0.463









Table (2): Comparison between pleural IL-36γ level in different studied groups.
	Cause 
	IL36 γ pg/ml (in pleural fluid)
Median (IQR)
	Kruskal Wallis
	P

	 TPE (n=20)
	774.89(193.88)
	94.677
	<0.001
(HS)

	MPE (n=20)
	158.22(32.97)
	
	

	UPPE (n=20)
	327.11(84.13)
	
	

	CPPE (n=20)
	2920.30(612.30)
	
	

	Transudative pleural effusion (n=20)
	47.87 (23.43)
	
	


TPE: Tuberculous pleural effusion*MPE: malignant pleural effusion*UPPE: uncomplicated parapneumonic pleural effusion*CPPE: complicated pleural effusion. *IL: interleukin
Table (3): Comparison between pleural IL-36γ level in infectious and non-infectious pleural effusion.

	Cause 
	IL36 γ pg/ml(in pleural fluid)
Median (IQR)
	Mann Whitney test(Z)
	P

	 Infectious pleural effusion (n=60)
	774.89(2042.25)
	8.429
	<0.001

	Non-infectious pleural effusion (n=40)
	122(112.12)
	
	


Table 4 Comparison of IL36 γ levels as regarding sex in different groups
	Cause 
	IL36 γ pg/ml 
(in pleural fluid)
Median (IQR)
	Mann Whitney test(Z)
	P

	 Infectious pleural effusion (n=60)
	Female(n=20)
	649.95(495.84)
	1.380
	0.168

	
	Male(n=40)
	806.0(2.555.5)
	
	

	Non-infectious pleural effusion (n=40)
	Female(n=15)
	132.0(104.68)
	1.048
	0.295

	
	Male(n=25)
	64.000(112.00)
	
	

	TPE(n=20)
	Female(n=10)
	782.00(193.65)
	0.189
	0.850

	
	Male(n=10)
	774.89(198.54)
	
	

	MPE (n=20)
	Female(n=9)
	155.00(39.31)
	0.608
	0.543

	
	Male(n=11)
	162.00(23.00)
	
	



Table (5): Correlation between pleural IL36 γ (pg/ml) and pleural ADA(IU/L), tuberculin skin test and pleural LDH in different groups.
	pleural IL36 γ (pg/ml)
	All groups(n=100)
	Infectious group (n=60)
	Non-Infectious group (n=40)
	TPE
(n=20)
	MPE
(n=20)

	
	 (ρ(*��
	P value
	 (ρ(*��
	P 
	 (ρ(*��
	P 
	 (ρ(*��
	P 
	 (ρ(*��
	P 

	pleural ADA(IU/L) 
	0.871
	<0.001
	0.781
	<0.001
	0.524
	<0.001
	0.405
	0.076
	0.165
	0.488

	tuberculin skin test 

	-
	-
	0.005
	0.969
	-
	-
	-
	-
	-
	-

	pleural LDH 
	0.900
	<0.001
	0.709
	<0.001
	0.739
	<0.001
	0.339
	0.143
	0.129
	0.588



*(ρ( Spearman correlation coefficient 

Table (6): Diagnostic performance of IL36 γ in diagnosing tuberculous effusion based on ROC curve analysis.
	
	AUC
	P
	Cut off value) pg/ml)
	sensitivity
	specificity
	95% confidence interval

	TPE vs MPE
	1.0
	0.0001
	≥192.06
	100%
	95%
	1.0 -1.0

	TPE vs Transudate effusion
	1.0
	0.0001
	≥71.50
	100%
	90%
	1.0 -1.0

	TPE vs UPPE
	1.0
	0.0001
	≥391.09
	100%
	95%
	1.0 -1.0

	TPE vs Non TPE
	0.750
	0.001
	≥457.58
	100%
	75%
	0.655- 0.845

	IPE vs NIPE
	0.999
	0.0001
	≥186.95 pg/ml
	100%
	98%
	0.997-1.0



TPE: Tuberculous pleural effusion*MPE: malignant pleural effusion*UPPE: uncomplicated pleural effusion
* CPPE: complicated pleural effusion. *IL: Interleukin *IPE: infectious pleural effusion * NIPE: noninfectious pleural e
fusion
