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Objective: Th1 and Th2 cells and their associated cytokines function in the

pathogenesis of systemic lupus erythematosus (SLE), but their exact roles are

uncertain. We performed ameta-analysis to examine the relationship of these cells

and cytokines with SLE.

Methods: Multiple databases were searched to identify publications that reported

the percentages of Th1 and Th2 cells and their associated cytokines in SLE patients

andhealthy controls (HCs).Meta-analysiswas performedusing StataMP version 16.

Results: SLE patients had a lower percentage of Th1 cells, a higher percentage of

Th2 cells, and higher levels of Th1- and Th2-associated cytokines than HCs. SLE

treatments normalized somebut not all of these indicators. For studies inwhich the

proportion of females was less than 94%, the percentage of Th2 cells and the level

of IL-10 were higher in patients than HCs. SLE patients who had abnormal kidney

function and were younger than 30 years old had a higher proportion of Th1 cells

than HCs. SLE patients more than 30 years old had a higher level of IL-6 than HCs.

Conclusion:Medications appeared to restore the balance of Th1 cells and other

disease indicators in patients with SLE. Gender and age affected the levels of

Th1 and Th2 cells, and the abnormally elevated levels of Th2 cells appear to be

more pronounced in older patients and males.

Systematic Review Registration: [https://www.crd.york.ac.uk/prospero/],

identifier [CRD42022296540].
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Highlights

1) Compared with healthy people, patients with systemic lupus

erythematosus have lower levels of Th1 cells and higher levels

of Th2 cells.

2) The main effect of conventional medications is to increase the

level of Th1 cells in SLE patients.

3) Older patients and men appear to have more abnormally

elevated Th2 cell levels.

Introduction

Systemic lupus erythematosus (SLE) is an inflammatory

autoimmune disease characterized by the production of various

autoantibodies and disruption of multiple organs and organ systems

due to immunomodulatory dysfunction. The incidence of SLE is

about 9 times higher in females than males (Yen and Singh, 2018).

There is an incomplete understanding of the etiology of SLE,

although evidence indicates that abnormal immune responses,

B cell hyperactivation, and T cell abnormalities contribute to the

pathogenesis (Catalina et al., 2020). For instance, a T cell

autoimmune disorder leads to autoantibody production, and the

production of several autoreactive T cells is an important precursor

to B cell hyperactivation and the formation of immunoglobulins and

immune complexes. Therefore, overactivation of T cells appears to

have a major role in the pathogenesis of SLE (Katsuyama et al.,

2018).

After antigen stimulation, immature CD4+T cells

produce cytokines, T helper cells (Th1, Th2, and Th17)

and regulatory T cells (Tregs) that have different immune

functions (Zhu et al., 2010). The abnormal gene expression

profiles of these cells are considered closely related to SLE

(Wahren-Herlenius and Dörner, 2013; Talaat et al., 2015),

and the balance of Th1/Th2 cells regulates the pathogenesis

of SLE (Dolff et al., 2011). In particular, an imbalance of the

pro-inflammatory effects of Th1 and the anti-inflammatory

effects of Th2 is critical to immune dysfunction and

infiltration of target organs by inflammatory cells

(Moulton and Tsokos, 2011; Tsokos et al., 2016). Although

many studies have examined the levels of Th1 and Th2 cells

in patients with SLE, many of these results are discordant

(Viallard et al., 1999; Amit et al., 2000; Li et al., 2002a; Oster

et al., 2019). Thus, examination of changes in the levels of

Th1 and Th2 cells during SLE is an active area of research

(Matia-Garcia et al., 2021).

Different Th cells produce different cytokines. In particular,

Th1 cells produce interferon (IFN)- γ, interleukin (IL)-2, and

tumor necrosis factor (TNF)-α, whereas Th2 cells produce IL-4,

IL-5, IL-6, and IL-10 (Muhammad Yusoff et al., 2020). Studies

of the cytokine profiles of SLE patients indicated that

dysregulated production of cytokines and soluble mediators

were the primary factors responsible for increased

inflammation (Lourenco and Cava, 2009). In particular,

during SLE there is an increase in multiple cytokines, most

of which have pro-inflammatory effects, although some of these

cytokines have immunomodulatory and anti-inflammatory

effects (Idborg and Oke, 2021). Because a variety of

cytokines are associated with SLE disease activity, these

cytokines were thought to be ideal biomarkers for defining

SLE and as therapeutic targets for treatment of active SLE (La

Cava, 2010; Rönnblom and Leonard, 2019; Aragón et al., 2020).

Nevertheless, studies that examined changes of cytokines in the

serum of SLE patients have reported contradictory results. For

example, some studies reported increased levels of IL-4 (Davis

et al., 2011), some studies reported no changes of IL-4 (Charles

et al., 2010), and some studies reported reduced levels of IL-4

(Cavalcanti et al., 2017). Moreover, the effect of different factors

on the regulation of cytokines during SLE is an active area of

research. Although a few studies suggested that the effects of IL-

4 may depend on genetic background, and that IL-2 function

appears related to a sex-determined immune response, these

conclusions remain uncertain (Moulton et al., 2012;

Radmanesh et al., 2020).

In summary, there aremany controversies in the research on the

imbalance of Th1, Th2 and relevant cytokines in SLE patients.

However, no evidence-based research has yet established the reasons

for the inconsistent results of previous studies. Difference in the

characteristics of patients (e.g., geographic region, gender, disease

activity, medication use) may have contributed to the inconsistent

results fromprevious studies. Therefore, this study aims to clarify the

changes of Th1 cells, Th2 cells, and their related cytokines during

SLE throughmeta-analysis, to better understand the pathogenesis of

this disease, improve clinical diagnosis, and develop therapeutic

strategies that have high efficacy and low toxicity.

Methods

This systematic review was registered under the number

CRD42022296540 in the International Prospective Register of

Systematic Reviews (PROSPERO).

Search strategy

Two researchers (M Zhang and J Zhang) independently

searched the databases for publications from their dates of
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establishment to 30 September 2021. Search strategy was detailed

in Supplementary file.

Study selection criteria

All included studies were case-control studies; examined a

population as the study object; and assessed the percentages of

Th1 cells and Th2 cells or the concentrations of their associated

cytokines in peripheral blood. Studies were excluded if they were

animal experiments; contained irrelevant research content, were

literature reviews, or were conference abstracts not published in

full; had missing data; examined cytokines secreted by non-CD4+

cells (such as IL-2, IL-17, and IL-6 secreted by Tregs); or did not

measure the levels of cytokines in whole peripheral blood.

Data extraction and transformation

Two independent researchers (S Xiang and S Qian) extracted

and cross-verified data necessary for analysis from eligible

literature. Disagreements were resolved through discussion

and consultation with a third researcher (Y Wang). The

contents included: 1) the first author, the year of publication,

the characteristics of subjects and country in which the study was

performed; 2) The characteristics of included studies (number of

patients, proportion of women, average age, average duration of

disease, therapeutic drugs); 3) experimental methods (diagnostic

criteria, determination methods); 4) Th1, Th2 and cytokine levels

secreted by SLE patients and HCs.

All original data, including graphs and plots, were extracted

for use in the meta-analysis. Because some publications only

provided relevant data as graphs, GetData Graph Digitizer

version 2.25 (http://getdata-graph-digitizer.com/) was used to

extract these data (Liao et al., 2015; Tang et al., 2015; Shen et al.,

2021). When studies provided medians and ranges (or

interquartile ranges) instead of means and standard

deviations, data conversion was performed using the method

proposed by Xiang Wan (Wan et al., 2014). The Newcastle-

Ottawa Quality (NOS) (Stang, 2010) was used to assess the

quality of the included studies.

Statistical analysis

Stata version 16.0 was used to perform statistical analyses.

When data were continuous variables and the measurement

methods were similar, weighted mean differences (WMDs)

were used as the effect scale. When the studies evaluated

similar results using different measurement methods, or there

was a large difference in the means or standard deviations, then

standardized mean differences (SMDs) were used as the effect

scale (Bakbergenuly et al., 2020). I2 was used to evaluate

heterogeneity, and values of 25, 50, and 75% were used for

classification of low, moderate, and high heterogeneity,

respectively (Higgins et al., 2003). The meta-analysis was

performed using a random-effects model that was weighted

according to the sample size of studies (Wu et al., 2021). A

difference with a p value below 0.05 was considered statistically

significant. When the heterogeneity was high (I2 > 75%),

subgroup analysis or sensitivity analysis (deleting one

publication at a time) was used to assess the source of

heterogeneity. Publication bias was evaluated using the Egger

test (Hayashino et al., 2005), Begg test (Jiang et al., 2019), and a

funnel plot.

Results

Study selection and characteristics

We retrieved 5,463 potentially eligible studies from the

databases, and 4,601 studies remained after removal of

duplicates. Screening of the titles and abstracts led to removal

of 4,076 studies because the research content was considered

irrelevant. Reading the full text of the remaining studies led to

removal of 447 studies because they did not meet the eligibility

criteria. Review of the remaining studies led to removal of 1 study

that used different diagnostic criteria for SLE, 1 study that

reported Th1 and Th2 cell levels in absolute numbers (cells/

μL), and 38 studies that had research goals considered irrelevant

to our meta-analysis. Further analysis of the 38 remaining studies

indicated that 6 studies were ineligible because of insufficient

quality and 6 studies were ineligible because of incomplete data.

We finally included 26 studies in the meta-analysis

(Supplementary Figure S1, Table 1). All 26 studies reported

samples that were obtained from human peripheral blood,

and used IFN-γ as a marker for Th1 cells and IL-4 as a

marker for Th2 cells. The NOS score of each study was

between 6 and 9 (Supplementary Table S1).

Changes in the percentage of Th1 and
Th2 cells in SLE patients

Th1 cells
We found no significant difference in the percentage of

Th1 cells in patients and HCs (WMD = −1.16; 95%

CI = −4.06, 1.75; p = 0.43; n = 13; Figure 1), although there

was high heterogeneity in these results (I2 = 97.67%).

We performed a subgroup analysis to assess the effect of

medication use on Th1 cells. Studies that did not report

medication use were categorized as an unrecorded medication

group, and patients in other studies who were un-medicated or

medicated were categorized into separate groups. The results

showed that the percentage of Th1 cells was lower in
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TABLE 1 The characteristics of included studies.

Study Location SLE Case/HC Case SLE Case Experimental
methods

Country Number
(female
Sex/%)

Age
(mean ±
SD/Mean)

An
Average
Duration
of
Disease
(years)

Medication Technique

Feng Han Han et al. (2004)
(2004)

China 30 (100%)/
20 (100%)

28 ± 7/28 ± 5 2.8 ± 2 — Flow cytometry

Xiaojuan Liu Liu and Qian,
(2005) (2005)

China 35 (97.1%)/
20 (90%)

28 3 Have not used glucocorticoids,
immunosuppressants and vasodilators

Flow cytometry

Weijia Xu Xu et al. (2013)
(2013)

China 38 (89.5%)/
20 (85%)

40 ± 13/
40 ± 11

5.0 ± 4.8 — Flow cytometry

Yong Wang Wang et al.
(2006) (2006)

China 18 (94.4%)/
15 (86.7%)

31.5 ± 14.1/
28.6 ± 10.3

Newly
diagnosed

NA Flow cytometry

Li Li et al. (2002b) (2002) China 35 (94.3%)/
10 (90%)

36.2/33.7 Newly
diagnosed

NA Flow cytometry

Shaoran Zhang Zhang, (2011)
(2011)

China 89 (91%)/27
(88.9%)
—

32.0 ± 11.9/
31.4 ± 12.5

— Prednisone, cyclophosphamide, vincristine,
hydroxychloroquine

Flow cytometry

Xiaodong Wang (Wang et al.,
2002) (2002)

China 35 (97.1%)/10
(80%)
—

35.6/30.1 Newly
diagnosed

NA Flow cytometry

Xu-yan Yang Yang et al.
(2013) (2013)

China 65 (89.2%)/
30 (83.3%)

34 ± 11/
32 ± 10

1.5 ± 1.2 Active SLE (NA); Inactive SLE (prednisone,
hydroxychloroquine, azathioprine)

Flow cytometry

Yanni Jiang (Matia-Garcia
et al. (2021) (2021)

China 97 (28.9%)/
50 (38%)

35.4 ± 6.3/
36.0 ± 8.4

— — Flow cytometry

Yufeng Yang Yang, (2015)
(2012)

China 103 (86.4%)/
23 (82.6%)

35 ± 13/
38 ± 10

— — Flow cytometry

Roba M. Talaat (Talaat et al.
(2015) (2015)

Egypt 60 (93.3%)/
24 (91.7%)

28.6 ± 7.3/
29.7 ± 7.0

5.0 ± 3.4 Glucocorticoids, antimalarial, azathioprine,
cyclophosphamide, cyclosporine

Enzyme-linked
immunosorbent assay

Diana C (Salazar-Camarena
et al. (2019) (2019)

Mexico 36 (NA)/
15 (NA)

32/35 6.7 Prednisone, azathioprine, antimalarials Luminex xMAP

A. Cavalcanti Cavalcanti et al.
(2017) (2017)

Brazil 51 (92%)/
47 (91%)

15/15 3 Hydroxychloroquine, prednisone,
mycophenolate mofetil, azathioprine,
methotrexate

Flow cytometry

Diana Go’ mez (Gómez et al.,
2004) (2004)

Colombia 51 (98.1%)/
25 (NA)

34.2 ± 12.6/
34.2 ± 5

4.9 ± 7.6 Prednisolone, cyclophosphamide,
azathioprine, chloroquine

Enzyme-linked
immunosorbent assay

PA´L SOLTE´SZ Lourenco
and Cava, (2009) (2002)

Hungary 8 (87.5%)/
19 (63.2%)

33/30.7 ± 5.5 3.5 Methylprednisolone, cyclophosphamide,
azathioprine, hydroxychloroquine

Enzyme-linked
immunosorbent assay

Pablo Medrano-Campillo
Medrano-Campillo et al.
(2015) (2015)

Spain 20 (100%)/
20 (100%)

41.6 ± 9.7/
41.6 ± 9.4

6.5 ± 3.5 Hydroxychloroquine, non-steroidal anti-
inflammatory drugs

Flow cytometry

Lorena Álvarez-Rodríguez
Álvarez-Rodríguez et al.
(2019) (2019)

Spain 11 (100%)/
21 (71.4%)

32.8 ± 13.1/
40.3 ± 11.6

— Antiaggregant, anticoagulant,
corticosteroids, antimalarials

Flow cytometry

Daniel J Perry Perry et al.
(2020) (2020)

America 39 (100%)/
23 (100%)

45.8 ± 10.8/
30.9 ± 8

— Hydroxychloroquine, mycophenolate,
mofetil, prednisone, methotrexate,
azathioprine

Microarrays and
NanoString assays

Katherine A Murphy Murphy
et al. (2019) (2019)

America 5 (100%)/
5 (100%)

32 ± 13.6/
39 ± 6.9

11.8 ± 10.4 Hydroxychloroquine, mycophenolate
mofetil

Flow cytometry

Weronika Kleczynska
Kleczynska et al. (2011)
(2011)

Poland 15 (93.3%)/
11 (73%)

41.5 ± 13.8/
34.0 ± 10.2

9.77 ± 5.69 Glucocorticoids Flow cytometry

Sebastian Dolff Dolff et al.
(2011) (2011)

Netherlands 24 (91.7%)/
14 (85.7%)

41 ± 13/
39 ± 12

— Prednisone, azathioprine, mycophenolate
mofetil, methotrexate, hydroxychloroquine

Flow cytometry

(Continued on following page)
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unmedicated patients than HCs (WMD = −3.97; 95%

CI = −4.76, −3.17; p < 0.001; n = 4; Figure 1). This implies

that the use of medications by SLE patients affected the levels of

their Th1 cells.

In total, 45 patients were unmedicated in the Xuyan Yang

et al. study (Yang et al., 2013), and this accounted for 69% of their

patients; their results showed that the percentage of Th1 cells was

lower in patients than HCs (WMD = −1.38, 95%

CI = −2.41, −0.35). A total of 41% of patients in the Yufeng

Yang et al. study (Yang, 2015) were unmedicated; their results

showed the level of Th1 cells was higher in patients than HCs

(WMD = 1.55, 95% CI = 1.22, 1.88). Only 33% of patients in

the Weronika Kleczynska et al. study (Kleczynska et al., 2011)

were unmedicated; their results showed a trend for a higher

level of Th1 cells in patients than HCs (WMD = 8.3, 95%

CI = −0.75, 17.35). These results also suggest that SLE patients

taking medications had a higher percentage of Th1 cells

than HCs.

In addition, none of the patients in the Katherine A. Murphy

et al. study (Murphy et al., 2019) used glucocorticoids (GCs), and

their patients and HCs had similar percentages of Th1 cells. In

contrast, all patients in the Sebastian Dolff et al. study (Dolff et al.,

2011) used low-dose GCs, and their patients and HCs had very

different percentages of Th1 cells. We speculate that use of low-

dose GCs by SLE patients may alter the level of Th1 cells.

Th2 cells
The meta-analysis showed there was a higher percentage of

Th2 cells in patients than HCs (SMD = 0.62; 95% CI = 0.03, 1.20;

p = 0.04; n = 8; Figure 2). Sensitivity analysis that excluded the

Yong Wang study (Wang et al., 2006) and the Yanni Jiang study

(Matia-Garcia et al., 2021) reduced the heterogeneity of these

results (I2 = 2.22%; Supplementary Figure S2), and the percentage

of Th2 cells remained higher in patients than HCs (SMD = 0.29;

95% CI = 0.03, 0.56; p = 0.03; n = 6).

Because the incidence of SLE is higher in women than

men, we performed a subgroup analysis to analyze the effect

of the proportion of women in each study on the outcome.

When the proportion of women was at least 94%, SLE

patients had a greater change in the percentage of

Th2 cells than HCs (p > 0.05, Figure 2); however, even

when the proportion of women was less than 94%, SLE

patients had a significantly greater level of Th2 cells than

HCs (SMD = 1.00; 95% CI = 0.18, 1.82; p = 0.02; n = 2; Figure 2).

Subgroup analysis that excluded the YongWang study (Wang et al.,

2006) reduced the heterogeneity of the studies in which the

proportion of women was greater than 94% (Supplementary

Figure S3), but the overall results did not change. Thus, for

studies in which the proportion of women was less than 94%,

the significant difference in the proportions ofmen and womenmay

explain the high heterogeneity of the results.

The two studies in which the proportion of women was less

than 94% were the Yufeng Yang et al. study (Yang, 2015) (86.4%

women) and the Yanni Jiang et al. study (Matia-Garcia et al.,

2021) (28.9% women), and both of these studies reported a

higher percentage of Th2 cells in patients than HCs (Figure 2).

In addition, a subgroup analysis indicated that medicated

patients had a higher percentage of Th2 cells than HCs

TABLE 1 (Continued) The characteristics of included studies.

Study Location SLE Case/HC Case SLE Case Experimental
methods

Country Number
(female
Sex/%)

Age
(mean ±
SD/Mean)

An
Average
Duration
of
Disease
(years)

Medication Technique

Mariana Postal Postal et al.
(2013) (2013)

Brazil 57 (95%)/
59 (91.2%)

18 ± 6.8/19 ± 6 4 ± 6.5 Prednisone, hydroxychloroquine,
immunosuppressive drugs, azathioprine,
cyclophosphamide, cyclosporine,
methotrexate, mycophenolate mofetil

Enzyme-linked
immunosorbent assay

C K Wong Wong et al. (2020)
(2000)

China 36 (88.9%)/
18 (88.9%)

35.9 ± 9/
35.2 ± 7.5

6.8 ± 5.9 Prednisolone, hydroxychloroquine,
azathioprine, cyclosporin

Enzyme-linked
immunosorbent assay

Ding-lei SU Su et al. (2006)
(2006)

China 41 (100%)/
22 (100%)

35 ± 12/32 ± 7 — NA Enzyme-linked
immunosorbent assay

Yan-bin Zhou Zhou et al.
(2009) (2009)

China 10 (80%)/
10 (80%)

26 ± 5/25 ± 6 1.3 ± 1.5 Not been treated with either glucocorticoids
or immunosuppressants for at least
3 months prior

Flow cytometry

LCW Lit Lit et al. (2006)
(2006)

Chia 80 (97.5%)/
40 (97.5%)

36 ± 8/38 ± 9 12.1 ± 6.4 Prednisolone, hydroxychloroquine,
azathioprine

Enzyme-linked
immunosorbent assay

SLE, systemic lupus erythematosus; HC, healthy controls; SD, standard Deviation; NA, received no medication treatment missing data.
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(SMD = 0.39; 95%CI = 0.08, 0.71; p = 0.01; n = 4; Supplementary

Figure S4).

Disease activity and levels of Th1 and Th2 cells
We then compared the percentage of Th1 and Th2 cells in

patients with active disease and inactive disease. The meta-

analysis indicated disease activity had no significant

relationship with the levels of Th1 or Th2 cells (p > 0.05,

Supplementary Figures S5, S6).

Abnormal kidney function and levels of Th1 and
Th2 cells

The percentage of Th1 cells and Th2 cells were not obviously

different in patients with abnormal kidney function (lupus

nephritis or clinical presentation with proteinuria) and

patients with normal kidney function (p > 0.05; Figure 3 and

Supplementary Figure S7).

However, subgroup analysis indicated that age significantly

affected the percentage of Th1 cells in patients with abnormal

kidney function. In particular, patients who were 30 years old or

less had a higher level of Th1 cells thanHCs (WMD= 6.00; 95%CI =

2.84, 9.15; p = 0.0002; n = 2; Figure 3), but there was no significant

difference in patients more than 30 years old (p > 0.05; Figure 3).

Changes of the Th1/Th2 ratio in patients with SLE
There was no significant difference in the Th1/Th2 ratio of

patients and HCs (p > 0.05; Figure 4). A subgroup analysis that

assessed the effect of medication use showed that medicated

FIGURE 1
Forest plot of the percentage change of Th1 cells in SLE patients compared with HCs. The overall results (bottom) show the meta-analysis of
13 studies, and the other four results show meta-analyses of different subgroups according to medication use. SLE, systemic lupus erythematosus;
HCs, healthy controls.
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FIGURE 2
Forest plot of the percentage change of Th2 cells in SLE patients compared with HCs. The overall results (bottom) show the meta-analysis of
8 studies, and the other two results show meta-analyses of subgroups according to the percentage of females. SLE, systemic lupus erythematosus;
HCs, healthy controls.

FIGURE 3
Forest plot of the percentage change of Th1 cells in SLE patients with abnormal kidney function compared with normal kidney function. The
overall results (bottom) show the meta-analysis of 4 studies, and the other two results show meta-analyses of subgroups according to patient age.
Abnormal: SLE patients with abnormal kidney function. Normal: SLE patients with normal kidney function.
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patients had a higher Th1/Th2 ratio than HCs (WMD = 0.86;

95% CI = 0.42, 1.29; p < 0.001; n = 2; Figure 4), but there was no

such relationship for unmedicated patients.

Variation of Th1 and Th2 cytokines in
patients with SLE

Th1 cytokines
Patients and HCs had no significant difference in the level

of IFN-γ (SMD = 0.63; 95% CI = −1.81, 3.06; p = 0.61; n = 10;

Figure 5). Subgroup analysis that examined the effect of

medication use showed that unmedicated patients had a

higher level of IFN-γ than HCs (SMD = 3.92; 95% CI =

1.01, 6.82; p = 0.008; n = 3; Figure 5), although there was no

such difference in a comparison of medicated patients and

HCs. This result suggests that unmedicated SLE patients have

a higher level of IFN-γ than HCs, but medications normalize

the level of IFN-γ in these patients.

The concentration of TNF-α was higher in patients than HCs

(SMD = 0.32; 95% CI = 0.09, 0.56; P = 0.01; n = 4; Figure 6)

A meta-analysis indicated no significant difference in the

IL-2 concentration of patients and HCs (SMD = 0.47; 95%

CI = −0.89, 1.84; p = 0.49; n = 4; Figure 7). However,

subgroup analysis showed that the IL-2 level was lower in

patients taking GCs than HCs (SMD = −0.53; 95%

CI = −0.83, −0.23; p = 0.0005; n = 2; Figure 7), but higher

in patients not using GCs than HCs (SMD = 1.63; 95% CI =

0.07, 3.19; p = 0.04; n = 2; Figure 7). Notably, patients in the

Diana et al. study (Salazar-Camarena et al., 2019) did not use

any medications, and those in the Pablo Medrano-Campillo et al.

study (Medrano-Campillo et al., 2015) received hydroxychloroquine,

diclofenac, ibuprofen, or other medications, and the heterogeneity of

these studies could not be eliminated.

Th2 cytokines
Patients had a higher level of IL-10 than HCs (SMD = 4.2; 95%

CI = 1.44, 6.96; p = 0.003; n = 10; Figure 8). Subgroup analysis

showed that this difference was present in studies in which more

than 50% of the patients had active disease (SMD = 2.99; 95% CI =

1.36, 4.63; p < 0.001; n = 7; Figure 8), but not in studies in which

fewer than 50% of the patients had active disease.

We performed another subgroup analysis to compare studies

that hadmore than 94% women with those that had 94% or fewer

women, with exclusion of the Diana C et al. study (Salazar-

Camarena et al., 2019) because it did not provide the requisite

data. The results showed that when the proportion of female

patients was more than 94%, the IL-10 level was not significantly

different in patients and HCs; however, this difference was

significant when the proportion of females was less than 94%

(SMD = 3.34; 95% CI = 1.01, 5.67; p = 0.005; Table 2).

The level of IL-6 was higher in patients than HCs (SMD =

1.17; 95% CI = 0.32, 2.02; p = 0.007; n = 6; Figure 9). A

subgroup analysis showed that when the average patient age

was 30 years-old or more, the concentration of IL-6 was

higher in patients than HCs (SMD = 1.32; 95% CI = 0.33,

FIGURE 4
Forest plot of the ratio change of Th1/Th2 cells in SLE patients compared with HCs. The overall results (bottom) show the meta-analysis of
5 studies, and the two other results showmeta-analyses of subgroups according tomedication use. SLE, systemic lupus erythematosus; HCs, healthy
controls.
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2.30; p = 0.009; n = 3; Figure 9), but there was no significant

difference when the average patient age was less than

30 years-old (p > 0.05).

Sensitivity analysis of the effect of age indicated the

heterogeneity between these two groups was eliminated after

excluding RobaM. Talaat study (Talaat et al., 2015) and the Pablo

Medrano-Campillo study (Medrano-Campillo et al., 2015), but

the results did not change (Supplementary Figure S8). The use of

GCs also affected the concentration of IL-6. When more than

90% of patients used GCs, the concentration of IL-6 cells was

higher in patients than HCs (SMD = 1.78; 95% CI = 0.09, 3.48;

p = 0.039; n = 2; Table 3). This suggests that GC use may increase

FIGURE 5
Forest plot of the concentration change of IFN-γ in SLE patients compared with HCs. The overall results (bottom) show the meta-analysis of
10 studies, and the other two results show meta-analyses of subgroups according to medication use. SLE, systemic lupus erythematosus; HCs,
healthy controls.

FIGURE 6
Forest plot of the concentration change of TNF-α in SLE patients compared with HCs. SLE, systemic lupus erythematosus; HCs, healthy
controls.
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FIGURE 7
Forest plot of the concentration change of IL-2 in SLE patients compared with HCs. The overall results (bottom) show the meta-analysis of
4 studies, and the other two results showmeta-analyses of two subgroups according to glucocorticoid use. SLE, systemic lupus erythematosus; HCs,
healthy controls.

FIGURE 8
Forest plot of the concentration change of IL-10 in SLE patients compared with HCs. The overall results (bottom) show the meta-analysis of
10 studies, and the other two results show meta-analyses of subgroups according to the percentage of patients with active disease. SLE, systemic
lupus erythematosus; HCs, healthy controls.
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the concentration of IL-6. In addition, the proportion of female

patients in a study had no effect on IL-6 concentration (Table 3).

Patients had a higher IL-4 concentration than HCs (SMD =

2.92; 95%CI = 0.37, 5.46; p= 0.02; n = 7; Figure 10).We performed a

subgroup analysis of studies in which the proportion of females was

90% or more; more than 80% and less than 90%; and 80% or less.

The results showed no difference of patients and HCs in studies that

had 90% or more females (p > 0.05). However, when the proportion

of women 80–90%, the concentration of IL-4 was higher in patients

than HCs (SMD = 2.59; 95% CI = 0.01, 5.16; p = 0.049; Figure 10)

and when the proportion of females was 80% or less, the

concentration of IL-4 was even greater in patients than HCs

(SMD = 8.03; 95% CI = 6.02, 10.05; p < 0. 001; Figure 10). In

addition, a subgroup analysis showed no significant difference in the

IL-4 level between patients using a GC and HCs (p > 0.05; Table 4).

Analysis of publication bias

We assessed the risk of publication bias using the Egger

test, Begg test, and a funnel plot (Supplementary Figure S9 and

Supplementary Table S2). The results showed no evidence of

TABLE 2 Subgroup analysis in IL-10 according to the proportion of female SLE patients in total patients and the use of medication.

No. of
Studies

SMD p-Value (%) I2 (%) p-Value for
Heterogeneity

95% CI

Proportion of women

Proportion<94 5 3.34 0.005 95.88 <0.001 1.01 to 5.67

Proportion ≥94% 4 2.75 0.073 98.70 <0.001 −0.25 to 5.76

Medication use

No 2 2.27 0.001 54.90 0.137 0.95 to 3.60

Yes 8 2.45 <0.001 96.80 <0.001 1.24 to 3.66

SMD, standardized mean differences.

FIGURE 9
Forest plot of the concentration change of IL-6 in SLE patients compared with HCs. The overall results (bottom) show the meta-analysis of
6 studies, and the other two results show meta-analyses of subgroups according to patient age. SLE, systemic lupus erythematosus; HCs, healthy
controls.
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publication bias in most studies, suggesting that the

conclusions of this meta-analysis were relatively robust.

However, there was some evidence of publication bias

regarding the results for IL-10 and IL-4.

Discussion

The results of the present meta-analysis showed that SLE

patients had significantly lower percentage of Th1 cells, a higher

percentage of Th2 cells and higher levels of Th1- and Th2-

associated cytokines (IFN-γ, TNF-α, IL-2, IL-10, IL-6 and IL-4)

than HCs. Moreover, disease activity appeared unrelated to the

proportion of Th1 and Th2 cells.

SLE is characterized by polyclonal activation of B cells, which

leads to the production of autoantibodies and pathological

damage. Several cytokines secreted by Th2 cells promote the

production of B cell antibodies (O’Brien et al., 2021). There is

evidence that a negative feedback between Th1-type and Th2-type

immune responses regulates normal immune balance. In SLE

patients, an influx of Th2 cells inhibits the release of Th1 cells,

thus supporting the hypothesis that the immune disorder of

“Th2 dominance” is responsible for SLE (Ko et al., 2022).

However, we found a significantly higher proportion of

Th1 cells in patients with abnormal kidney function. Previous

studies showed that up-regulation of lipocalin-2 in SLE can

promote the in vivo and in vitro differentiation of Th1 cells

via the IL-12/STAT4 signalling pathway, thereby causing an

immune imbalance and leading to lupus nephritis (LN) (Chen

et al., 2020). Our study also showed that the level of Th2 cells was

not greater in patients with abnormal kidney function, similar to

previous studies (Uhm et al., 2003), and indicating an

imbalanced Th1/Th2 ratio in LN.

Studies have shown that medications have significant effects

on the level of Th1, Th2 and their associated cytokine levels in

patients with systemic lupus erythematosus.

The different results regarding Th1 cells in previous studies

of SLE patients may be attributed to whether or not these patients

were receiving treatment, especially by GCs. Previous studies

showed that GCs have a strong inhibitory effect on Th1 cells by

suppressing the production and signal transduction mediated by

IL-12 and IFN- γ and that GCs had a weaker effect on Th2 cells,

and had little effect on IL-4-induced STAT6 phosphorylation

(Franchimont et al., 2000; Taves and Ashwell, 2021). However,

our meta-analysis results showed that untreated SLE patients had

a lower proportion of Th1 cells relative to treated patients. This

may be because Th1 cells mainly target exogenous antigens, such

as infected and deteriorating cells (Hall, 2015), and cellular

immunity mediated by Th1 cells does not play a major role in

SLE because it is an antibody-mediated immune disease. We

found that the percentage of Th1 cells was not significantly

different in medicated patients and HCs. This may be because

the medication reduced the autoimmune response of SLE by

increasing the percentage of Th1 cells to achieve a relative

balance in Th1 and Th2 levels.

Drug therapy can lead to the suppression of Th1-mediated

production of IFN-γ. For example, a previous study showed that

IFN-γ-responsive genes were significantly upregulated in SLE

patients with untreated active disease relative to HCs, but there

was no significant difference in a comparison of HCs with SLE

patients who had stable disease due to treatment with GCs,

hydroxychloroquine, and/or immunosuppressants (Dufour

et al., 2018). However, the use of different dose of GC can

lead to different results. For example, Talaat et al. (Talaat et al.,

2015) studied 60 SLE patients, including 58 who received a GC

dose higher than 10 mg per day, and found that only 32 had

active disease. The 2019 European Rheumatic Alliance

guidelines for the management of SLE recommend

prednisone at a dose lower than 7.5 mg/day when SLE is in

remission or low activity (Fanouriakis et al., 2019). Therefore,

we hypothesize that the lower level of IFN-γ in medicated

patients that were reported in some studies may be due to

excessive use of GCs.

Moreover, our results showed the level of IL-2 was higher

in SLE patients than HCs, and the use of GC was able to reduce

the level of this cytokine. There is evidence that low-dose IL-2

therapy can increase the level of Tregs, and because the lack of

Tregs may contribute to the pathogenesis of SLE, this may be

TABLE 3 Subgroup analysis in IL-6 according to the proportion of female SLE patients in total patients and the use of glucocorticoid.

No. of
Studies

SMD p-Value (%) I2 (%) p-Value for
Heterogeneity

95% CI

Proportion of women

Proportion ≥94% 2 1.22 0.275 94.33 <0.001 −0.97 to 3.42

Proportion<94% 3 1.13 0.053 95.34 <0.001 −0.02 to 2.63

Percentage of taking glucocorticoids

Percentage≥90% 2 1.78 0.039 94.23 0.024 0.09 to 3.48

Percentage≥50%~90% 2 0.26 0.061 0 0.389 −0.01 to 0.53

Percentage<50% 2 1.56 0.069 80.43 <0.001 −0.12 to 3.24

SMD, standardized mean differences.
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an effective treatment for SLE (Tahvildari and Dana, 2019).

However, even though IL-2 supplementation significantly

increases Treg cells in SLE patients, it does not change the

total CD4+ cells (Robinson and Thomas, 2021). This may be

because SLE patients have Tregs that secrete less IL-2 and

Th1 cells that secrete more IL-2. Although low-dose

recombinant human IL-2 can selectively enhance Tregs

(rather than Th1 cells) and significantly reduce disease

activity (Tahvildari and Dana, 2019), it is unknown

whether this treatment also reduces the secretion of IL-2 by

Th1 cells. Our results showed that GC treatment of SLE

patients effectively reduced the level of IL-2 secreted by

Th1 cells. Thus, when considering the use of low-dose IL-2

treatment for SLE patients, it may be necessary to continue GC

treatment.

Another interesting finding of this study is that imbalances in

the levels of Th1, Th2 and their associated inflammatory

cytokines may be associated with disease characteristics in

male SLE patients.

The male SLE patients had a higher level of Th2 cells, IL-10

and IL-4 than female patients. The increased IL-10 level is

associated with reduced kidney function and increased risk of

cardiovascular disease (Yilmaz et al., 2014). IL-4 producing cells

contribute to kidney pathology in SLE patients, and that animals

TABLE 4 Subgroup analysis in IL-4 according to the use of glucocorticoid in SLE patients.

No. of
Studies

SMD p-Value (%) I2 (%) p-Value for
Heterogeneity

95% CI

Taking glucocorticoids

Yes 5 0.05 0.916 92.24 <0.001 −0.84 to 0.94

No 2 3.23 <0.001 46.36 0.17 2.14 to 4.32

SMD, standardized mean differences.

FIGURE 10
Forest plot of the concentration change of IL-4 in SLE patients compared with HCs. The overall results (bottom) show the meta-analysis of
7 studies, and the other three results showmeta-analyses of subgroups according to the percentage of females. SLE, systemic lupus erythematosus;
HCs, healthy controls.
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lacking IL-4 had fewer pathological changes in the kidneys and

lymph nodes (Reséndiz-Mora et al., 2021). This may explain why

men with SLE have more severe cardiovascular and kidney

disease and are more likely to develop kidney failure (Parikh

et al., 2020). However, the secretion of IL-10 is affected by many

factors, including gender and disease activity, and this may have

contributed to the high heterogeneity among the studies we

analyzed.

Changes in the Th1/Th2 ratio corroborated the above results

regarding the imbalance between Th1 and Th2 cells in SLE

patients and the potential underlying causes. For example,

medicated SLE patients had a higher Th1/Th2 ratio than HCs,

possibly due to an increase in the proportion of Th1 cells.

However, there was no significant difference in the

Th1Th2 ratio between untreated patients and HCs. We

suggest this result occurred because the sex ratio of a study

affected the reported level of Th2 cells. The proportion of women

was greater than 94% in the untreated subgroup. Here, we found

no significant change in the proportion of Th2 cells, although the

portion of Th1 cells decreased. Therefore, a change in Th1 cells

may not significantly contribute to the imbalanced Th1/Th2 ratio

in SLE patients. Interestingly, GCs appeared to primarily affect

changes in the number of Th1 cells, not Th2 cells.

Furthermore, we found the effect of age on Th1 and IL-6 levels,

which may be associated with the development of lupus

nephropathy. The result showed that SLE patients had a higher

level of IL-6 than in HCs, although this difference was mainly in

studies in which the average patient age was more than 30 years old.

Interestingly, Th1 cells were more abundant in patients with

abnormal kidney function when the mean age was less than

30 years old, but this difference was not significant in patients

when the mean age was greater than 30 years old. Recent

research showed that Th1 cytokines functioned in the

development of diffuse proliferative LN (Sigdel et al., 2016; Fava

et al., 2020) and that Th2 cytokines functioned in the development

of membranous LN (Masutani et al., 2004). However, analysis of the

antigenic site of IL-6 in the glomerular mesangial cells of patients

with LN (Malide et al., 1995) indicated that IL-6 may be closely

related to the pathogenesis of membranous LN. Our subgroup

analysis indicated that young patients with SLE were less likely to

develop end-stage renal disease (ESRD). Another epidemiological

investigation found that most children with LN had unchanged or

normal kidney function, and that ESRD was rare (Vazzana et al.,

2021). In addition, the probability of death from active SLE was

much lower in children than adult men (Brunner et al., 2008). These

results indicated that the Th1Th/Th2 balance was a critical

determinant for the histopathology of LN (Miyake et al., 2011),

and the type of LN was related to this balance.

Finally, we also found the contradiction that there was no

significant difference in the level of Th1 cells between SLE patients

and HCs, even though the patients had a significantly higher level of

IFN-γ (Zhong et al., 2017). This may be because patients have

increased activation of T cells relative to HCs (Araújo et al., 2016).

When the concentration of Th2-associated cytokines was greater than

that of Th1-associated cytokines, this may reflect a decreased

percentage of Th1 cells and an increased percentage of Th2 cells.

This study has some limitations. All included studies had a

retrospective case-control design, indicating the possibility of

selection bias and publication bias. In particular, based on the

Egger test and Begg test, we identified a statistically significant

publication bias in studies that examined the levels of IL-10 and

IL-4. Moreover, subgroup analysis cannot completely eliminate

the heterogeneity among studies because many factors can affect

the secretion of these cytokines. This topic therefore requires

further study.

In summary, our results showed that Th2 cells play a

crucial role in the pathogenesis of SLE. Notably, we

confirmed that SLE patients have abnormal increases of

multiple cytokines (IFN-γ, TNF-α, IL-2, IL-10, IL-6, and
IL-4) that are associated with Th1 and Th2 cells. Medical

therapies, especially GCs, seem to mainly affect Th1 cells.

However, excessive use of GCs can apparently lead to an

imbalance in the level of Th1 cells. Moreover, there was a higher

proportion of Th2 cells in male than female SLE patients, and this

abnormality may contribute to the more obvious clinical features,

such as higher disease severity and worse long-term prognosis, in

male patients. IL-10 and IL-4 may be closely associated with the

higher incidence of kidney injury and poor prognosis in males. The

higher levels of Th1 cells and IL-6 in different age groups may be

associated with the development of LN.
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