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A meta‑analysis of Th1 and Th2 
cytokine profiles differentiating 
tuberculous from malignant pleural 
effusion
Yulin Zeng1, Liwei Wang2, Hai Zhou2* & Yu Qi2*

To clarify the predominance of Th1 or Th2 immune responses in malignant and tuberculous pleural 
effusion (MPE and TPE, respectively), we performed a meta‑analysis of previously published results of 
the levels of Th1/Th2 cytokines associated with these two types of pleural effusion to evaluate the use 
of Th1/Th2 cytokine profiles in distinguishing TPE from MPE. We searched the PubMed and EMBASE 
databases for studies indexed from 2000 to March 2021. We included studies that (a) diagnosed TPE 
and MPE based on culture or pleural tissue biopsy and that (b) compared levels of Th1/Th2 cytokines 
between TPE and MPE. Pooled data based on a random‑effects model or fixed‑effects model and 
standardized mean differences (SMDs) across studies were used to compare TPE and MPE. We also 
performed Egger’s test to assess publication bias. Of 917 identified studies, a total of 42 studies were 
selected for the meta‑analysis. Compared with MPE subjects, TPE subjects had a significantly higher 
level of TNF‑α [2.22, (1.60–2.84)], an elevated level of IFN‑γ [3.30, (2.57–4.40)] in pleural effusion, a 
situation where the Th1 immune response dominated. Conversely, the levels of interleukin‑4 (IL‑4) and 
IL‑10 (Th2 cytokines) were higher in the MPE subjects than in the TPE subjects, showing statistically 
nonsignificant tiny effects [−0.15, (−0.94 to 0.63) and −0.04, (−0.21 to 0.12), respectively]. We 
confirmed that TPE, a situation in which the Th1 cytokines are predominant. The slight preponderance 
of Th2 cytokines in MPE, which is not convincing enough to prove.

Malignant and tuberculous pleural effusion (MPE and TPE, respectively) are the two most common types of 
exudative pleural effusions, and both are associated with a typical accumulation of  lymphocytes1,2. Naïve CD4 + T 
cells are activated by the antigen-MHC complex then differentiate into functional T-helper 1(Th1) or T-helper 2 
(Th2)  subsets3. Th1 cytokines include interleukin (IL)-2, tumor necrosis factor (TNF)-α, and interferon (IFN)-γ, 
whereas IL-4, IL-5, and IL-10 are considered Th2  cytokines4. IL-6 is an inflammatory cytokine produced by 
monocytes, macrophages, and dendritic  cells5,6. IL-6 has emerged as an important regulator of Th1/Th2 differ-
entiation, promoting the IL-4-dependent induction of Th2 differentiation and inhibiting Th1 differentiation by 
upregulating suppressor of cytokine signaling (SOCS)-1  expression7.

Immune responses mediated by either the Th1 or Th2 subset dominate depending on different types of 
pleural effusion. The Th1-dominated immune response is considered an important factor in the containment 
of mycobacteria, and the main immune effector mechanism involves classically activated macrophages that 
arise in response to Th1 cytokine  signals8. Th1 cytokines have been shown to predominate in immunity to lung 
tuberculosis (TB)9,10. Notably, TPE is considered a common localized form of extrapulmonary TB. However, 
whether the mechanism of localized immune response in TPE is dominated by the Th1 or Th2 subset remains 
to be investigated. MPE, on the other hand, has been associated with Th2 cytokine  predominance11,12. Although 
some reports have shown a bias towards Th2 predominance in MPE, some reports have  not13.

Therefore, in this study, we performed a meta-analysis of all available studies to quantitatively evaluate the 
Th1/Th2 cytokine profiles in TPE and MPE as well as to assess the potentially diagnostic value of these cytokines 
in discriminating TPE from MPE.
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Materials and methods
This meta-analysis was carried out in accordance with the Preferred Reporting Items for Systematic Reviews 
and Meta-analysis (PRISMA)  Statement14, and it had been registered with International Platform of Registered 
Systematic Review and Meta-analysis Protocols (No. INPLASY202210005). An approval from the institutional 
review board was not necessary, as we extracted only summary information from previously published articles.

Search strategy. A systematic search was conducted (Zeng Y.L. and Qi Y.) of the PubMed and EMBASE 
databases from 2000 to March 2021. We selected eligible studies documenting the levels of pleural effusion about 
Th1/Th2 cytokine profiles. The following key words were used in the database search: malignant pleural effusion, 
tuberculous pleural effusion, tumor necrosis factor-alpha, TNF-α, interferon gamma, IFN-γ, interleukin 2, IL-2, 
interleukin 4, IL-4, interleukin 5, IL-5, interleukin 6, IL-6, interleukin 10, and IL-10. The details of the strategy 
are available in Supplementary Methods.

Study selection and data extraction. The inclusion criteria were as follows: (1) original and human 
studies; (2) studies with a title or abstract including the terms “tuberculous and malignant pleural effusion” and 
“cytokines”; (3) studies reporting the pleural effusion levels of TNF-α, IFN-γ, IL-2, IL-4, IL-5, IL-6, and IL-10 in 
patients; (4) MPE diagnosed based on malignant cells in pleural fluid or pleural biopsy; (5) TPE diagnosed based 
on Ziehl–Neelsen staining or positive mycobacteria culture, or positive pleural biopsy tissue samples; and (6) 
studies available with full text. No limitation was applied regarding the histological type of MPE, stages of can-
cer, severities of the disease, or region and race of the study subjects. We extracted demographic details from 
each included study as follows: the country of origin, surname of the first author, year of publication, sample size, 
research design, and patient’s age. The standard deviation (SD), median, and interquartile range (IQR) of the 
pleural effusion levels of Th1/Th2 cytokines were extracted for each potentially included study. We eliminated 
studies that were reviews, case reports, meta-analyses or conference abstracts; nonhuman experiments; non-
English language studies; or studies that presented insufficient data for pooling. Data extraction was conducted 
by two independent investigators (Z.Y.L. and Z.H.) via a form created for this study. Divergences were resolved 
by consensus or by consulting a senior investigator.

Quality evaluation. We used the Newcastle–Ottawa Scale (NOS) to assess the methodological quality of 
the studies describing differences in Th1/Th2 cytokine levels in TPE and MPE and considered any study with a 
score of 6 or more (the highest score was 9) as being of good quality. The results are displayed in Supplementary 
Methods. Two reviewers independently evaluated the quality of each study.

Statistical analysis. The outcomes were all continuous variables: Th1/Th2 cytokine levels in TPE and MPE. 
Data provided as the mean and SD were extracted. Data provided as the median and IQR were transformed 
to the mean and SD according to the method of S.P. Hozo (2005)15. We used standardized mean differences 
(SMDs) and 95% confidence intervals (CIs) to assess the levels of Th1/Th2 cytokines in TPE compared to MPE. 
The Cochran’s Q test, I2 statistic and P value were used to assess the heterogeneity. A P ≥ 0.1 or I2 ≤ 50% was con-
sidered as no significant heterogeneity, and the fixed-effects model (FEM) was applied; otherwise, the random-
effects model (REM) was used. We used the sensitivity analysis to assess the robustness. Subgroup analyses were 
used to stratify the studies by covariables including country, study design, etiology, publishing year and qual-
ity scores based on meta-regression, in order to explore potential sources of heterogeneity. The software Rev-
Man 5.2 and STATA version 14.0 were used for the statistical analyses and images. Begg’s test was used to assess 
the asymmetry of the funnel plot. p < 0.05 was considered publication bias, and if present, the trim-and-fill 
method was adopted to determine the influence of publication bias on the results.

Results
Characteristics of the included studies. A total of 917 potentially relevant studies identified from the 
database were retrieved, of which 43 studies were included in the final meta-analytical processes. The study selec-
tion process is detailed in Fig. 1. In addition, we provide the details of the selected studies in Table 1. Considering 
the large number of included studies with information on TNF-α and IFN-γ, we only included the ELISA results, 
but other measurement methods [including cytometric bead array (CBA), chemiluminescent enzyme immuno-
assay (CLEIA), radioimmunoassay (RIA)] were included for assessments of the remaining cytokines. One study 
was excluded due to CBA measurements of IFN-γ  levels56. The quality ratings for each study and characteristics 
of the included studies are presented in Supplementary Methods.

Th1/Th2 cytokine levels in TPE and MPE. Analysis of TNF‑α. In a pooled analysis of all 19 trials, 
the results revealed that there was a significant increase in the pleural effusion levels of TNF-α in TPE subjects 
compared to MPE subjects [2.22, (1.60–2.84, p < 0.00001)] (Fig. 2). However, there was statistically significant 
heterogeneity among the studies (I2 95%). Subsequently, sensitivity analysis (Fig. S1) was conducted by exclud-
ing studies one by one at a time, but neither the magnitude nor the direction of the effect size was substantially 
altered. We showed that the pooled SMD was stable and reliable, implying higher TNF-α levels in TPE. To ex-
plore the sources of the heterogeneity, we performed meta-regression analysis based on subgroup stratification 
by variables, including country, design, etiology, publishing year and quality scores. In the stratified analyses 
(Table S1), there was no reliable evidence that the above variables represented the main source of heterogeneity. 
Therefore, we considered that the heterogeneity might be due to differences in ELISA manufacturers and the se-
verity of the diseases selected for study. In this analysis, there was publication bias based on Begg’s test (p < 0.05). 
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Figure 1.  PRISMA flow chart of the selection of studies.

Table 1.  Characteristics of the included original studies regarding the Th1/Th2 cytokine profiles for 
tuberculous and malignant pleural effusion.

Cytokines No. of studies No. of patients Assay methodology SMD (95%) Model

Heterogeneity (%)

p valueI2 P

TNF-α 1916–34 TPE: 571
MPE: 661 ELISA (N = 19) 2.22 Random 95  < 0.001  < 0.001

IFN-γ 2011,13,17,18,20,29,33,35–47 TPE: 728
MPE: 992 ELISA (N = 20) 3.82 Random 97  < 0.001  < 0.001

IL-2 335,48,49 TPE: 179
MPE: 210

ELISA (N = 1)
Others (N = 2) -0.07 Fixed 46 0.16 0.47

IL-4 613,20,35,40,49,50 TPE:201
MPE:288

ELISA (N = 4)
Others (N = 2) -0.15 Random 92  < 0.001 0.70

IL-6 1222,27,32,39,48–55 TPE: 361
MPE: 731

ELISA (N = 7)
Others (N = 5) 3.53 Random 98  < 0.001  < 0.001

IL-10 811,13,20,21,29,48–50 TPE: 280
MPE: 549

ELISA (N = 5)
Others (N = 3) 0.17 Random 66 0.005 0.25
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We therefore used the trim-and-fill method to adjust for publication bias and examined its effect on the pooled 
SMD (Supplementary Methods), yielding an adjusted effect (SMD = 1.038, 95% CI 0.328–1.748, p < 0.01).

Analysis of IFN‑γ. Pooled analysis of all 20 trials revealed that there was a significant increase in the pleural 
effusion levels of IFN-γ in TPE subjects compared to MPE subjects [3.82, (2.97–4.66, p < 0.00001)] (Fig. S2), with 
statistically significant between-study heterogeneity (I2 97%). Subsequently, we performed sensitivity analysis, 
which indicated that there was considerable variation in one  trial47. After removing that trial, the remaining 
results were stable through sensitivity analysis, the REM of pooled SMDs [3.30, (2.57–4.40, p < 0.00001)] (Fig. 3). 
Our pooled data suggested higher IFN-γ levels in TPE. However, despite a decrease in heterogeneity (I2 from 97 
to 95%) with the removal of that trial, substantial heterogeneity still existed. To explore possible sources of het-
erogeneity, we further performed meta-regression analysis based on subgroup stratification by country, design, 
etiology, publishing year and quality scores. In the stratified analyses (Table S2), there was no reliable evidence 

Figure 2.  Forest plot of 19 studies comparing TNF-α levels in TPE and MPE subjects. The standardized mean 
difference (the pleural effusion levels of TNF-α in TPE subjects minus that in MPE subjects) was estimated by 
meta-analysis.

Figure 3.  Forest plot of 19 studies comparing IFN-γ levels in TPE and MPE subjects. The standardized mean 
difference (the pleural fluid levels of IFN-γ in TPE subjects minus that in MPE subjects) was estimated by meta-
analysis.
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that the above variables were the main source of heterogeneity; however, Egger’s test indicated evidence of pub-
lication bias (p < 0.05). The trim and fill method was used to impute 3 missing studies to the left of the funnel 
plot to ensure symmetry, and the REM of pooled SMDs was adjusted [2.567, 95% CI 1.750–3.384, p < 0.001] 
(Supplementary Methods).

Analysis of IL‑2. As can be seen in Fig. 4, although pooled analysis of all 3 included trials revealed that the 
FEM of pooled SMDs [−0.07, (−0.28 to 0.13, p < 0.00001)] suggested that IL-2 levels were higher in MPE subjects 
than TPE subjects, these differences were not statistically significant [p = 0.47 > 0.05]. The reason for this result is 
probably due to the small number of included studies. An assessment of publication bias was not accomplished 
because fewer than ten trials were included.

Analysis of IL‑4. Pooling the data from the six trials revealed that the REM of pooled SMDs [−0.15, (−0.94 
to 0.63)] had statistically significant between-trial heterogeneity (I2 92%); the results are presented in Fig. 5. 
Although MPE subjects had higher levels of IL-4 than TPE subjects, this difference was not statistically signifi-
cant (p = 0.70 > 0.05).

Analysis of IL‑10. A meta-analysis of the data from eight trials on IL-10 was performed as shown in Figure 
S3a, the REM of pooled SMDs [0.17, (−0.12 to 0.46)]. However, there was statistically significant heterogene-
ity among the above results (I2 66%, p < 0.00001). We excluded two  studies48,50 according to the results of the 
Galbraith radial plot (Fig. S3b), and the heterogeneity was decreased appreciably (I2 from 66 to 0%) as shown in 
Fig. 6. On the basis of the 6 remaining trials, the FEM of pooled SMDs [−0.04, (−0.21 to 0.12)] suggested higher 
IL-10 levels in MPE subjects.

Analysis of IL‑6 between TPE and MPE. IL-6 was the most commonly measured inflammatory cytokine. On 
the basis of 12 trials, the REM of pooled SMDs [3.53, (2.16–4.90)] indicated substantial heterogeneity between 
studies (I2 = 98%, p < 0.00001) as shown in Fig. 7. The pooled results confirmed that the levels of IL-6 in TPE 
patients were higher than those in MPE patients. To assess the stability of the pooled results of the meta-analysis 
of IL-6, sensitivity analysis was conducted by excluding studies one by one at a time. Neither the magnitude nor 
the direction of the effect size was substantially altered, indicating that our results were robust. Furthermore, 
we excluded two  trials22,53 based on the sensitivity analysis (Fig. S4a). After the deletion of these two trials, the 
remaining results were stable through sensitivity analysis (Fig. S4b) and caused no appreciable change in the 
pooled SMDs [1.92, (1.13–2.71)], but the heterogeneity was decreased (I2 from 98 to 94%) (Fig. S4c). To test the 
robustness of our results, we perform stratified analyses to detect the sources of the heterogeneity in this study as 
shown in Table S3. Among the 12 trials, 7 presented ELISA measurements, and the remaining five reported other 
measurements (2 with CBA results, 2 with RIA results, and 1 with CLEIA results). Consequently, we considered 

Figure 4.  Forest plot of 3 studies comparing IL-2 levels in TPE and MPE subjects. The standardized mean 
difference (the pleural effusion levels of IL-2 in TPE subjects minus that in MPE subjects) was estimated by 
meta-analysis.

Figure 5.  Forest plot of 6 studies comparing IL-4 levels in TPE and MPE subjects. The standardized mean 
difference (the pleural effusion levels of IL-4 in TPE subjects minus that in MPE subjects) was estimated by 
meta-analysis.
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that the main heterogeneity arises from differences in measurement methods. However, nonsignificant differ-
ences in between-group heterogeneity were found in some stratified analyses, and measurement methods did 
not indicate additional sources of heterogeneity. In this analysis, there was no publication bias based on Egger’s 
test (p = 0.150, Supplementary Methods).

Discussion
To the best of our knowledge, this is the first large-scale meta-analysis to systematically investigate the levels of 
Th1/Th2 cytokines in MPE and TPE. Our results showed that the Th1 cytokine profile was predominant in TPE 
compared to MPE. We confirmed that the immune response in TPE is dominated by Th1 polarization. Although 
significant heterogeneity was detected, trials with extreme SMDs were removed based on sensitivity analysis and 
Galbraith radial plot assessment, which diminished the heterogeneity and provided more stable results. Despite 
the slight bias toward Th2 cytokines in MPE subjects, the pooled SMD was not statistically significant.

Exudative pleural effusion results from a vicious loop of interactions between the immune system and a pleu-
ral or parenchymal disease like TB infection, malignancy or inflammation. It results in abnormal accumulation 
of fluid in the pleural space via altering the permeability of the pleural membranes to enhance plasma extravasa-
tion. TB and malignant disease are among the most frequent causes of exudative pleural effusions. Th cells are 
known to play important roles in the pathogenesis of exudative pleural effusion and host defense.

Th1 cells have been observed to have an anti-infectious role in  TB57. Th1-mediated host immunity inhibits 
further multiplication of Mycobacterium tuberculosis (Mtb) via the secretion of IFN-γ and other Th1 cytokines, 
which activate macrophages, promote phagosome maturation to stimulate phagocytosis, and stimulate the pro-
duction of reactive nitrogen  intermediates58. TNF-α is essential for stimulating the chemotaxis of inflammatory 
cells to sites of infection and leads to granulomatous response to containment disease  progression59. Normally, 

Figure 6.  Forest plot of 6 studies comparing IL-10 levels in TPE and MPE subjects. The standardized mean 
difference (the pleural effusion levels of IL-10 in TPE subjects minus that in MPE subjects) was estimated by 
meta-analysis.

Figure 7.  Forest plot of 12 studies comparing IL-6 levels in TPE and MPE subjects. The standardized mean 
difference (the pleural fluid levels of IL-6 in TPE subjects minus that in MPE subjects) was estimated by meta-
analysis.
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IL-6 is a proinflammatory cytokine, inducing the production of acute phase proteins to promote inflamma-
tion. Nevertheless, macrophages infected with Mtb induce the production of IL-6, which inhibits the response 
of macrophages to IFN-γ, resulting in the inability to eradicate Mtb  infection60. The increased IL-6 levels also 
contribute to increased expression of suppressor of cytokine signaling (SOCS) in  TB61. SOCS1 is regarded as an 
important mediator that inhibits IFN-γ secretion by macrophages, which in turn hampers the early clearance of 
Mtb by  macrophages62. Consistent with the results of other studies, our study found higher levels of IL-6 in TPE 
subjects, which suggested that IL-6, as an important cytokine, may be involved in the formation of TPE and play 
an important role in the occurrence and development of pulmonary tuberculosis (PTB).

Different from Th1 cytokines, IL-10 is considered an inhibitory and anti-inflammatory Th2 cytokine that 
negatively regulates IFN-γ-mediated host immunity, limits pathogen clearance in the early immune response 
to Mtb and mediates long-term chronic  infection63. The IFN-γ/IL-10 ratio is a useful objective marker of the 
clinical severity of  TB64. Additionally, IL-4 is a classic Th2 cytokine that may subvert mycobacterial containment 
in macrophages by perturbating Th1-related pathways and regulatory T cells (Tregs)65.

Early studies have suggested that Th1- and Th2-cell-producing cytokines play important roles in the immune 
microenvironment of tumors; Th1 cytokines relevant to antitumor immunity have been reported, whereas Th2 
cytokines are related to tumor invasiveness and  metastasis66. Notably, in advanced cancer, a shift from Th1 to Th2 
cells in the tumor environment is often observed, and impaired Th1 cell-mediated immunity has been reported 
to be associated with cancer  progression67,68. Anthony et al. reported that patients with advanced squamous cell 
carcinoma had a diminished Th1 antitumor immune response but stronger underlying Th2 immune  response69. 
This shift was further demonstrated in malignant  effusions70. Accordingly, these studies collectively indicate 
that a shift from a Th1 to a Th2 cell response in the microenvironment of tumors may play a crucial role in 
the development and progression of tumors. Moreover, evidence indicates that tumor-derived TGF-β-induced 
overexpression of IL-10 may drive the shift in the Th1/Th2 balance toward a Th2 response and inhibit the Th1 
 response71. The balance of Th1/Th2 cytokines in MPE subjects remains controversial. We speculate that the shift 
from Th1 to Th2 along with tumor progression may explain the discrepancy regarding whether Th2 cytokines 
predominate in MPE subjects, but this needs to be studied further.

As future studies clarify the roles of Th1/Th2 cytokine profiles and their effect on the local immune response, 
new therapeutic approaches to immunotherapy may be developed. Currently, a useful cytokine/anti-cytokine 
therapy involves supplementation of anti-inflammatory recombinant cytokines as well as neutralizing cytokines 
or antagonizing receptors by monoclonal antibodies (mAbs). Recombinant IL-2 has been used successfully 
for cancer therapy and was approved by the FDA for the treatment of metastatic renal-cell carcinoma in 1992 and 
for metastatic melanoma in 1998. Infliximab, a chimeric anti-TNFα monoclonal antibody, has been demonstrated 
to be an effective therapy for rheumatoid arthritis, Crohn’s disease, ankylosing spondylitis and other autoim-
mune diseases. Despite these beneficial effects of infliximab treatment in autoimmune diseases, it carries the 
risk of TB occurrence and latent TB  reactivation72. Based on the immunosuppressive ability of IL-10 in tumor 
immunity, therapeutic strategies targeting the IL-10 signaling pathway have evolved considerably in cancer 
 immunotherapy73. In addition, overexpressed IL-4 and IL-13 receptors on cancer cells are specific targets for 
receptor-directed cancer  immunotherapy74. Our study confirms changes in the Th1/Th2 cytokine profiles of 
patients with TPE and MPE, which may be helpful for future investigations of cytokine therapies.

Moreover, combining multiple biomarkers has previously been shown to enhance diagnostic accuracy. The 
combination of TNF-α and adenosine deaminase 2  (ADA2) has been shown to improve the specificity and accu-
racy of diagnosis for the differentiation of TPE from  MPE29. Future studies are needed to determine if Th1/Th2 
cytokine profiles confer supplementary diagnostic value for pleural effusions.

There are some unavoidable limitations of our study that are deserving of attention. First, significant heteroge-
neity was observed in some of our results; although stratified analyses were done, we did not identify the source 
of heterogeneity. Second, some of the trials provided only the median and IQR levels of the cytokines, which 
we converted to the mean and SD by Hozo et al.’s method, which might lead to slightly skewed data. Third, the 
sample sizes included in studies on Th2 cytokines were relatively small, and only six trials were included in the 
pooled results. Fourth, we did not examine the effect of the stages of cancer on cytokine levels in the included 
studies, which might lead to heterogeneity and deviation in this analysis. Fifth, few studies have reported the 
primary tumor causing MPE and the histological type of the primary tumor; therefore, future studies should 
investigate its effect on cytokine levels.

Conclusions
In summary, this systematic review and meta-analysis confirms that pleural effusions caused by TB, a situation 
in which the Th1 cytokines are predominant. Although MPE appears to be slightly bias toward Th2 cytokines, 
this finding was not sufficiently convincing to prove. Our findings suggest that these cytokines are likely to serve 
supplementary diagnostic value for the differentiation of TPE from MPE. Moreover, it is important to know the 
role of cytokines derived from Th cells on the pathogenesis of diseases and host defense, which may provide new 
clues for cytokine immunotherapies.

Data availability
The data sets supporting the results of this article are included within the article and its supplementary material.

Received: 25 October 2021; Accepted: 3 February 2022



8

Vol:.(1234567890)

Scientific Reports |         (2022) 12:2743  | https://doi.org/10.1038/s41598-022-06685-8

www.nature.com/scientificreports/

References
 1. Aguiar, L. M. Z. D. et al. Malignant and tuberculous pleural effusions: Immunophenotypic cellular characterization. Clinics (Sao 

Paulo, Brazil) 63(5), 637–644 (2008).
 2. Oshikawa, K., Yanagisawa, K., Ohno, S., Tominaga, S.-I. & Sugiyama, Y. Expression of ST2 in helper T lymphocytes of malignant 

pleural effusions. Am. J. Respir. Crit. Care Med. 165, 1005–1009 (2002).
 3. Seder, R. A. & Ahmed, R. Similarities and differences in CD4+ and CD8+ effector and memory T cell generation. Nat. Immunol. 

4(9), 835–842 (2003).
 4. Lee, H. L. et al. Inflammatory cytokines and change of Th1/Th2 balance as prognostic indicators for hepatocellular carcinoma in 

patients treated with transarterial chemoembolization. Sci. Rep. 9(1), 3260 (2019).
 5. Choy, E. & Rose-John, S. Interleukin-6 as a multifunctional regulator: Inflammation, immune response, and fibrosis. J. Scleroderma 

Relat. Disord. 2(2), 1–5 (2017).
 6. Gabay, C. Interleukin-6 and chronic inflammation. Arthritis Res. Ther. 8(2), S3 (2006).
 7. Diehl, S. & Rincón, M. The two faces of IL-6 on Th1/Th2 differentiation. Mol. Immunol. 39(9), 531–536 (2002).
 8. Flynn, J. L., Chan, J. & Lin, P. L. Macrophages and control of granulomatous inflammation in tuberculosis. Mucosal Immunol. 4(3), 

271–278 (2011).
 9. Bai, X., Wilson, S. E., Chmura, K., Feldman, N. E. & Chan, E. D. Morphometric analysis of Th1 and Th2 cytokine expression in 

human pulmonary tuberculosis. Tuberculosis 84(6), 375–385 (2004).
 10. Lucey, D. R., Clerici, M. & Shearer, G. M. Type 1 and type 2 cytokine dysregulation in human infectious, neoplastic, and inflam-

matory diseases. Clin. Microbiol. Rev. 9(4), 532–562 (1996).
 11. Chen, Y.-M., Yang, W.-K., Whang-Peng, J., Tsai, C.-M. & Perng, R.-P. An analysis of cytokine status in the serum and effusions of 

patients with tuberculous and lung cancer. Lung Cancer 31(1), 25–30 (2001).
 12. Lieser, E. A. et al. Up-regulation of pro-angiogenic factors and establishment of tolerance in malignant pleural effusions. Lung 

Cancer 82(1), 63–68 (2013).
 13. Ghayumi, M. A., Mojtahedi, Z. & Fattahi, M. J. Th1 and Th2 cytokine profiles in malignant pleural effusion. Iran. J. Immunol. 8(4), 

195–200 (2011).
 14. Page, M. J. et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 372, 71 (2021).
 15. Hozo, S. P., Djulbegovic, B. & Hozo, I. Estimating the mean and variance from the median, range, and the size of a sample. BMC 

Med. Res. Methodol. 5(1), 13 (2005).
 16. Alemán, C. et al. Association between inflammatory mediators and the fibrinolysis system in infectious pleural effusions. Clin. 

Sci. 105(5), 601–607 (2003).
 17. Ali, A. & Mohmoud, T. Differential diagnostic efficiency of T cells subsets versus interferon-gamma, tumor necrosis factor-alpha, 

and adenosine deaminase in distinguishing tuberculous from malignant pleural effusions. Chest 148(4), 68 (2015).
 18. Ambade, V., Arora, M. M., Rai, S. P., Nikumb, S. K. & Basannar, D. R. Markers for differentiation of tubercular pleural effusion 

from non-tubercular effusion. Med. J. Armed Forces India 67(4), 338–342 (2011).
 19. Atef, H.M., Okab, A.A., Al Mehy, G.F. & El Beheisy, M.M. The role of tumor necrosis factor alpha in differentiation between 

malignant and non malignant pleural effusion. Egypt. J. Chest Dis. Tuberculosis 65(3), 605–612 (2016).
 20. Budak, F., Uzaslan, E. K., Cangür, S., Göral, G. & Oral, H. B. Increased pleural soluble fas ligand (sFasL) levels in tuberculosis 

pleurisy and its relation with T-helper type 1 cytokines. Lung 186(5), 337–343 (2008).
 21. Ciledag, A. et al. The comparison of pleural fluid TNF-alpha and IL-10 levels with ADA in tuberculous pleural effusion. Curr. Med. 

Chem. 17(19), 2096–2100 (2010).
 22. Daniil, Z. D. et al. Discrimination of exudative pleural effusions based on multiple biological parameters. Eur. Respir. J. 30(5), 

957–964 (2007).
 23. Gao, J., Song, L., Li, D., Peng, L. & Ding, H. Clinical value of haptoglobin and soluble CD163 testing for the differential diagnosis 

of tuberculous and malignant pleural effusions. Medicine 98(42), e17416 (2019).
 24. Hamed, E. A., El-Noweihi, A. M., Mohamed, A. Z. & Mahmoud, A. Vasoactive mediators (VEGF and TNF-alpha) in patients with 

malignant and tuberculous pleural effusions. Respirology 9(1), 81–86 (2004).
 25. Huang, L. Y. et al. Expression of soluble triggering receptor expression on myeloid cells-1 in pleural effusion. Chin. Med. J. 121(17), 

1656–1661 (2008).
 26. Iglesias Sáenz, D. et al. Metalloproteinases and tissue inhibitors of metalloproteinases in exudative pleural effusions. Eur. Respir. 

J. 25(1), 104–109 (2005).
 27. Kiropoulos, T. S. et al. Acute phase markers for the differentiation of infectious and malignant pleural effusions. Respir. Med. 

101(5), 910–918 (2007).
 28. Lee, M. H., Nahm, C. H. & Choi, J. W. Thrombin-antithrombin III complex, proinflammatory cytokines, and fibrinolytic indices 

for assessing the severity of inflammation in pleural effusions. Ann. Clin. Lab. Sci. 40(4), 342–347 (2010).
 29. Li, M. et al. Diagnostic accuracy of tumor necrosis factor-alpha, interferon-gamma, interleukin-10 and adenosine deaminase 2 in 

differential diagnosis between tuberculous pleural effusion and malignant pleural effusion. J. Cardiothorac. Surg. 9, 118 (2014).
 30. Liu, H. et al. Diagnostic value of soluble form of mer tyrosine kinase (sMerTK) in tuberculous pleural effusion and malignant 

pleural effusion. BioMed. Res. Int. 2020, 1496935.  https:// doi. org/ 10. 1155/ 2020/ 14969 35 (2020).
 31. Momi, H. et al. Vascular endothelial growth factor and proinflammatory cytokines in pleural effusions. Respir. Med. 96(10), 817–822 

(2002).
 32. Qian, Q. et al. Role of monocyte chemoattractant protein-1, tumor necrosis factor-alpha and interleukin-6 in the control of malig-

nant pleural effusion and survival in patients with primary lung adenocarcinoma. Int. J. Biol. Markers 27(2), e118–e124 (2012).
 33. Wang, M., Zhang, Z. & Wang, X. Superoxide dismutase 2 as a marker to differentiate tuberculous pleural effusions from malignant 

pleural effusions. Clinics (Sao Paulo) 69(12), 799–803 (2014).
 34. Yamada, Y. et al. Cytokines in pleural liquid for diagnosis of tuberculous pleurisy. Respir. Med. 95(7), 577–581 (2001).
 35. Cui, H. Y., Zhang, Q., Su, B., Li, W. & Tang, S. J. Differential levels of cytokines and soluble fas ligand between tuberculous and 

malignant effusions. J. Int. Med. Res. 38(6), 2063–2069 (2010).
 36. Ibrahim, L., Salah, M., Rahman, A. A. E., Zeidan, A. & Ragb, M. Crucial role of CD4+CD 25+ FOXP3+ T regulatory cell, 

interferon-γ and interleukin-16 in malignant and tuberculous pleural effusions. Immunol. Invest. 42(2), 122–136 (2013).
 37. Krenke, R. et al. Pleural fluid adenosine deaminase and interferon-gammas diagnostic tools in tuberculous pleurisy. J. Physiol. 

Pharmacol. 59(SUPPL. 6), 349–360 (2008).
 38. Lee, K. S. et al. Association between elevated pleural interleukin-33 levels and tuberculous pleurisy. Ann. Lab. Med. 33(1), 45–51 

(2013).
 39. Marie, M. A. M., John, J., Krishnappa, L. G., Gopalkrishnan, S. & Bindurani, S. R. Role of interleukin-6, gamma interferon and 

adenosine deaminase markers in management of pleural effusion patients. West Indian Med. J. 62(9), 803–807 (2013).
 40. Okamoto, M. et al. T-helper type 1/T-helper type 2 balance in malignant pleural effusions compared to tuberculous pleural effu-

sions. Chest 128(6), 4030–4035 (2005).
 41. Okamoto, M. et al. Evaluation of interferon-gamma, interferon-gamma-inducing cytokines, and interferon-gamma-inducible 

chemokines in tuberculous pleural effusions. J. Lab Clin. Med. 145(2), 88–93 (2005).
 42. Valdés, L. et al. Diagnostic value of interleukin-12 p40 in tuberculous pleural effusions. Eur. Respir. J. 33(4), 816–820 (2009).

https://doi.org/10.1155/2020/1496935


9

Vol.:(0123456789)

Scientific Reports |         (2022) 12:2743  | https://doi.org/10.1038/s41598-022-06685-8

www.nature.com/scientificreports/

 43. Valdés, L. et al. Interleukin 27 could be useful in the diagnosis of tuberculous pleural effusions. Respir. Care 59(3), 399–405 (2014).
 44. Wu, Y. B. et al. Combined detections of interleukin 27, interferon-γ, and adenosine deaminase in pleural effusion for diagnosis of 

tuberculous pleurisy. Chin. Med. J. (Engl.) 126(17), 3215–3221 (2013).
 45. Xue, K., Xiong, S. & Xiong, W. Clinical value of vascular endothelial growth factor combined with interferon-gamma in diagnosing 

malignant pleural effusion and tuberculous pleural effusion. J. Huazhong Univ. Sci. Technol. Med. Sci. 27(5), 495–497 (2007).
 46. Yurt, S. et al. Diagnostic utility of serum and pleural levels of adenosine deaminase 1–2, and interferon-γ in the diagnosis of pleural 

tuberculosis. Multidiscip. Respir. Med. 9(1), 113 (2014).
 47. Zhang, M., Xiong, D., Li, H., Wang, Z. & Li, R. Diagnostic value of T-spot TB combined with INF-γ and IL-27 in tuberculous 

pleurisy. Exp. Ther. Med. 15(2), 1871–1874 (2018).
 48. Shu, C. C. et al. Diagnostic role of inflammatory and anti-inflammatory cytokines and effector molecules of cytotoxic T lympho-

cytes in tuberculous pleural effusion. Respirology 20(1), 147–154 (2015).
 49. Zhang, J. et al. Differential diagnosis of tuberculous and malignant pleural effusions: Comparison of the Th1/Th2 cytokine panel, 

tumor marker panel and chemistry panel. Scand. J. Clin. Lab. Invest. 80(4), 265–270 (2020).
 50. Chen, K. Y. et al. Novel biomarker analysis of pleural effusion enhances differentiation of tuberculous from malignant pleural 

effusion. Int. J. Gen. Med. 9, 183–189 (2016).
 51. Dalil, R. N. et al. Potential diagnostic value of pleural fluid cytokines levels for tuberculous pleural effusion. Sci. Rep. 11(1), 660 

(2021).
 52. El Sayed, R., Okab, A., El-Mahdy, M., Kasb, I. & Ismail, Y. Role of interleukin-6 (IL-6) in diagnosis of malignant pleural mesothe-

lioma. Egypt. J. Chest Dis. Tuberculosis 64(2), 419–424 (2015).
 53. L. Ferreiro et al. Diagnosis of infectious pleural effusion using predictive models based on pleural fluid biomarkers. Ann. Thoracic 

Med. 14(4), 254–263 (2019).
 54. Teixeira, L. R. et al. Profile of metalloproteinases and their association with inflammatory markers in pleural effusions. Lung 194(6), 

1021–1027 (2016).
 55. Xirouchaki, N. et al. Diagnostic value of interleukin-1alpha, interleukin-6, and tumor necrosis factor in pleural effusions. Chest 

121(3), 815–820 (2002).
 56. Liu, Y.C. et al. Differential diagnosis of tuberculous and malignant pleurisy using pleural fluid adenosine deaminase and interferon 

gamma in Taiwan. J. Microbiol. Immunol. Infect. 44(2), 88–94 (2011).
 57. Lyadova, I. V. & Panteleev, A. V. Th1 and Th17 cells in tuberculosis: Protection. Pathol. Biomarkers Mediators Inflamm. 2015, 

854507–854507 (2015).
 58. Cavalcanti, Y.V.N., Brelaz, M.C.A., Neves, J.K.D.A.L., Ferraz, J.C. & Pereira, V.R.A. Role of TNF-alpha, IFN-gamma, and IL-10 in 

the development of pulmonary tuberculosis. Pulm. Med. 2012, 745483–745483 (2012)
 59. Lin, P. L., Plessner, H. L., Voitenok, N. N. & Flynn, J. L. Tumor necrosis factor and tuberculosis. J. Invest. Dermatol. Sympos. Proceed. 

12(1), 22–25 (2007).
 60. Nagabhushanam, V. et al. Innate inhibition of adaptive immunity: Mycobacterium tuberculosis-induced IL-6 inhibits macrophage 

responses to IFN-gamma. J. Immunol. (Baltimore, Md. 1950) 171(9), 4750–4757 (2003).
 61. Diehl, S. et al. Inhibition of Th1 differentiation by IL-6 is mediated by SOCS1. Immunity 13(6), 805–815 (2000).
 62. Carow, B. et al. Silencing suppressor of cytokine signaling-1 (SOCS1) in macrophages improves Mycobacterium tuberculosis control 

in an interferon-gamma (IFN-gamma)-dependent manner. J. Biol. Chem. 286(30), 26873–26887 (2011)
 63. Redford, P.S., Murray, P.J. & O’Garra, A. The role of IL-10 in immune regulation during M. tuberculosis infection. Mucosal Immunol. 

4(3), 261–270 (2011).
 64. Ali, A. H. K., Mahmoud, T. M. & Ahmed, H. Differential diagnostic efficiency of T cells subsets versus interferon-gamma, tumor 

necrosis factor-alpha and adenosine deaminase in distinguishing tuberculous from malignant pleural effusions. Egypt. J. Chest 
Dis. Tuberculosis 64(3), 645–651 (2015).

 65. Pooran, A. et al. IL-4 subverts mycobacterial containment in Mycobacterium tuberculosis-infected human macrophages. Eur. Respir. 
J. 54(2), 1802242 (2019).

 66. DeNardo, D. G. et al. CD4(+) T cells regulate pulmonary metastasis of mammary carcinomas by enhancing protumor properties 
of macrophages. Cancer Cell 16(2), 91–102 (2009).

 67. Lin, W. et al. The disease stage-associated imbalance of Th1/Th2 and Th17/Treg in uterine cervical cancer patients and their recovery 
with the reduction of tumor burden. BMC Womens Health 20(1), 126 (2020).

 68. Shurin, M. R., Lu, L., Kalinski, P., Stewart-Akers, A. M. & Lotze, M. T. Th1/Th2 balance in cancer, transplantation and pregnancy. 
Springer Semin. Immunopathol. 21(3), 339–359 (1999).

 69. Sparano, A., Lathers, D. M. R., Achille, N., Petruzzelli, G. J. & Young, M. R. I. Modulation of Th1 and Th2 cytokine profiles and 
their association with advanced head and neck squamous cell carcinoma. Otolaryngol.‑Head Neck Surg. 131(5), 573–576 (2004).

 70. Atanackovic, D. et al. Characterization of effusion-infiltrating T cells. Clin. Cancer Res. 10(8), 2600 (2004).
 71. Maeda, H. & Shiraishi, A. TGF-beta contributes to the shift toward Th2-type responses through direct and IL-10-mediated pathways 

in tumor-bearing mice. J. Immunol. (Baltimore, Md. 1950) 156(1), 73–78 (1996).
 72. Tubach, F. et al. G. Research axed on tolerance of biotherapies, risk of tuberculosis is higher with anti-tumor necrosis factor mono-

clonal antibody therapy than with soluble tumor necrosis factor receptor therapy: The three-year prospective French Research 
Axed on Tolerance of Biotherapies registry. Arthritis Rheum. 60(7), 1884–1894 (2009).

 73. Qiao, J. et al. Targeting tumors with IL-10 prevents dendritic cell-mediated CD8+ T cell apoptosis. Cancer Cell 35(6), 901-915.e4 
(2019).

 74. Suzuki, A., Leland, P., Joshi, B. H. & Puri, R. K. Targeting of IL-4 and IL-13 receptors for cancer therapy. Cytokine 75(1), 79–88 
(2015).

Acknowledgements
This work was funded by the Science and Technology Planning Project of Xuzhou, China (No. KC21251).

Author contributions
Z.Y.L. conceived and designed the study; Z.Y.L. and Q.Y. performed the systematic literature search and quality 
assessment; Z.Y.L. and Z.H. extracted and analyzed the data; Z.Y.L drafted the initial manuscript; and W.L.W 
reviewed the manuscript and critically edited and revised the manuscript. All authors approved the final version 
of the manuscript as submitted.

Competing interests 
The authors declare no competing interests.



10

Vol:.(1234567890)

Scientific Reports |         (2022) 12:2743  | https://doi.org/10.1038/s41598-022-06685-8

www.nature.com/scientificreports/

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 06685-8.

Correspondence and requests for materials should be addressed to H.Z. or Y.Q.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-06685-8
https://doi.org/10.1038/s41598-022-06685-8
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	A meta-analysis of Th1 and Th2 cytokine profiles differentiating tuberculous from malignant pleural effusion
	Materials and methods
	Search strategy. 
	Study selection and data extraction. 
	Quality evaluation. 
	Statistical analysis. 

	Results
	Characteristics of the included studies. 
	Th1Th2 cytokine levels in TPE and MPE. 
	Analysis of TNF-α. 
	Analysis of IFN-γ. 
	Analysis of IL-2. 
	Analysis of IL-4. 
	Analysis of IL-10. 
	Analysis of IL-6 between TPE and MPE. 


	Discussion
	Conclusions
	References
	Acknowledgements


