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Abstract

Jun N-terminal kinase pathway-associated phosphatase (JKAP) regulates CD4+ T-cell differentiation and immunity, which are
linked to mental disorders. This study aimed to explore the relationships between JKAP and T helper 17 (Th17)/regulatory T
(Treg) ratio, as well as their associations with anxiety and depression in postpartum women. Serum JKAP were measured by
enzyme-linked immunosorbent assay and blood Th17 and Treg cells were measured by flow cytometry in 250 postpartum
women. Anxiety and depression were evaluated by the 6-item State-Trait Anxiety Inventory (STAI6) and Edinburgh Postnatal
Depression Scale (EPDS). Anxiety and depression rates were 22.0 and 28.4%, respectively, among postpartum women.
Notably, JKAP was negatively associated with the STAI6 (P=0.002) and EPDS scores (Po0.001) in postpartum women and
was lower in postpartum women with anxiety (P=0.023) or depression (P=0.002) than in those without. Moreover, JKAP was
inversely related to Th17 cells and Th17/Treg ratio but positively correlated with Treg cells in postpartum women (all Po0.001).
Interestingly, Th17 cells and Th17/Treg ratio were both positively associated with STAI6 and EPDS scores in postpartum
women (all Po0.001). Furthermore, Th17 cells and Th17/Treg ratio were lower in postpartum women with anxiety or depression
than in those without (all Po0.01). Nevertheless, Treg cells were not linked to anxiety or depression in postpartum women.
JKAP was negatively associated with Th17 cells and Th17/Treg ratio; moreover, they all related to anxiety and depression in
postpartum women, indicating that JKAP may be involved in postpartum anxiety and depression via interactions with Th17 cells.
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Introduction

Anxiety and depression are prevalent psychological
issues in postpartum women (1,2). These psychological
problems negatively affect postpartum women’s mental
state and physical rehabilitation, even resulting in self-
harm and suicide (3–5). The occurrence of anxiety and
depression in postpartum women is associated with many
factors, which mainly include postpartum complications,
hormonal imbalances, and immune-inflammatory abnor-
malities (6–9). Notably, current evidence suggests that T
cells may play an important role in immune-inflammatory
processes and are involved in the development of anxiety
and depression (10,11). Specifically, human T helper 17
(Th17) cells secrete the proinflammatory cytokines inter-
leukin (IL)-17 and IL-22, which impair the blood-brain

barrier and kill human neurons in vivo and in vitro, thereby
recruiting cluster of differentiation 4+ (CD4+) lymphocytes
and promoting central nervous system inflammation (12).
Regulatory T (Treg) cells suppress inflammatory
responses and maintain immune homeostasis, and an
imbalance in the Th17/Treg ratio causes immune dysreg-
ulation and increases inflammation (13). Immune-inflam-
matory abnormalities induce serotonin dysregulation,
hypothalamus-pituitary-adrenal axis dysregulation, and
white and gray matter pathology, which are involved in
the occurrence of anxiety and depression (14). Moreover,
some previous studies have revealed that immune-
inflammatory processes are related to anxiety and
depression in postpartum women (8,15). Therefore,
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exploring potential immune-inflammatory mechanisms
involved in the occurrence of anxiety and depression,
especially the regulation of Th17 and Treg cells, might
contribute to the management of postpartum women.

Jun N-terminal kinase (JNK) pathway-associated
phosphatase (JKAP) is involved in regulating the immune
system by inhibiting the differentiation of Th17 cells (16–
18). Notably, the interconnection of the JKAP with Th17
cells in patients with several neurological diseases has
been explored in previous studies (19–21). For example,
one recent study illustrated that the JKAP is inversely
associated with Th17 cells in Alzheimer’s disease patients
(20). Moreover, another study also revealed a negative
correlation between JKAP and Th17 cells in patients with
Parkinson’s disease (19). More importantly, one study not
only showed that the reduction in JKAP is related to
elevated interleukin (IL)-17A but also revealed that both
are linked to anxiety risk in acute ischemic stroke patients
(21). On the basis of the above research, a reasonable
assumption is that JKAP and Th17 cells may be correlated
and associated with mental health in postpartum women.
However, relevant research is still lacking.

Therefore, our study aimed to explore the relationships
between JKAP and Th17 cells, as well as their associa-
tions with anxiety and depression in postpartum women.

Material and Methods

Participants
A total of 250 postpartum women who delivered at

Xingtai People’s Hospital (China) between March 2022
and December 2022 were enrolled in this study. The
inclusion criteria were as follows: i) aged more than 18
years; ii) had a normal pregnancy and delivery; iii) had the
ability and willingness to complete the 6-item State-Trait
Anxiety Inventory (STAI6) (22) and Edinburgh Postnatal
Depression Scale (EPDS) (23); and iv) were willing to
provide a blood sample for scientific research. The
exclusion criteria were as follows: i) had complications
within 6 weeks after delivery; ii) had malignant diseases;
iii) had mental disorders, e.g. schizophrenia, neuroticism,
or bipolar disorder, making them unable to cooperate with
this study; and iv) had inflammatory or autoimmune
diseases. There was no restriction on the medication of
participants. This study received the approval of the Ethics
Committee of the Xingtai People’s Hospital. All partici-
pants provided informed consent.

Data collection
The following clinical characteristics of postpartum

women were collected: age, education level, annual family
income, history of smoking, history of drinking, previous
gravidity, previous birth number, number of previous abor-
tions, gestational week, unplanned pregnancy, planned
maternity leave time, satisfaction with labor experience,
breastfeeding difficulty, and number of caregivers.

Sample collection and detection
Peripheral blood (PB) samples were collected from

postpartum women at 6 weeks after delivery. The
collected PB samples were divided into two parts: one
was used for analyzing Th17 and Treg cells quantitatively
and the other was used for isolating serum to detect JKAP.

For Th17 and Treg cell quantification, CD4+ T cells
were separated from the PB samples via a Dynabeadst
FlowCompt Human CD4 kit (No. Cat. 11361D, Thermo
Fisher Scientific, USA). A total of 5–7� 105 cells/mL were
obtained. Th17 (CD4+IL-17A+) and Treg (CD25+FoxP3+)
cell quantification was performed by flow cytometry
(FCM). Commercial kits were purchased from R&D Sys-
tems (USA; catalog numbers FMC007B and FMC021).
Then, the Th17/Treg ratio was calculated. An LSRFor-
tessa flow cytometer (BD, USA) was used to analyze the
cells, and FlowJo X (BD) was used to analyze the data.
The gating strategy for Th17 and Treg cells was as
follows: for Th17 cells, CD4+IL-17A+ dots were gated;
for Treg cells, CD4+CD25+FoxP3+ dots were sorted.

For JKAP detection, an enzyme-linked immunosorbent
assay (ELISA) was performed, and commercial kits
(No. MBS9915719, MyBioSource, USA) were used. The
reference technique of the kit was strictly followed for all
experiments.

Evaluation
Postpartum women completed the STAI6 and EPDS

questionnaires at 6 weeks after delivery. The STAI6
questionnaire contained 6 items and the total score
ranged from 6 to 24 (1 to 4 scores per item), and the
EPDS questionnaire contained 10 items and the total
score ranged from 0 to 30 (0 to 3 scores per item). Based
on the results of the questionnaires, postpartum anxiety
and depression were evaluated. Postpartum anxiety was
defined as a total STAI6 score greater than 15, and
postpartum depression was defined as a total EPDS score
greater than 12 (8).

Statistics
SPSS v.26.0 (IBM, USA) and GraphPad Prism v.7.0

(GraphPad Prism, USA) were used for analysis and
plotting. The Wilcoxon rank-sum test or Kruskal-Wallis H
rank-sum test was used for comparison analysis as
appropriate; the Spearman test was used for correlation
analysis. Po0.05 was considered to indicate statistical
significance.

Results

Characteristics of postpartum women
The mean age of the postpartum women was 28.2±

3.7 years. Moreover, the median [interquartile range
(IQR)] number of gestational weeks was 39.0 (38.0–
40.0) weeks. Notably, the medians (IQRs) of Th17 cells,
Treg cells, and the Th17/Treg ratio were 2.4 (1.4–3.9)%,

Braz J Med Biol Res | doi: 10.1590/1414-431X2024e13253

JKAP and anxiety/depression in postpartum women 2/9

https://doi.org/10.1590/1414-431X2024e13253


6.5 (5.3–7.6)%, and 0.4 (0.2–0.6), respectively. More
detailed clinical information is listed in Table 1.

JKAP distribution and its relationship with clinical
characteristics

The distribution of JKAP in postpartum women was
right-skewed. Moreover, the median (IQR) concentration
of JKAP was 52.3 (41.2–71.7) pg/mL, ranging from 19.7 to
156.7 pg/mL (Figure 1). Interestingly, increased JKAP was
associated with higher education levels (P=0.026). How-
ever, there was no correlation between JKAP and other
clinical characteristics, such as age, annual family income,
or gestational week (all P40.05) (Table 2).

Association of JKAP with anxiety and depression
The mean STAI6 score in postpartum women was

12.8±3.4. Based on the cutoff STAI6 score of 15, 22.0%
of the women had anxiety, and 78.0% had no anxiety
(Figure 2A). Moreover, JKAP was negatively related to the
STAI6 score (r=–0.191, P=0.002) (Figure 2B). Notably,
JKAP was lower in postpartum women with anxiety than in
those without anxiety [median (IQR): 46.5 (35.6–71.7) vs
53.7 (42.9–79.6) pg/mL] (P=0.023) (Figure 2C).

The mean EPDS score in postpartum women was
9.7±4.8. According to the cutoff EPDS score of 12, 28.4%
had depression and 71.6% had no depression (Figure 2D).
Furthermore, JKAP was inversely linked with the EPDS
score (r=–0.317, Po0.001) (Figure 2E). In addition, JKAP
was lower in postpartum women with depression than in
those without depression [median (IQR): 47.6 (35.8–58.1)
vs 55.2 (43.2–84.2) pg/mL] (P=0.002) (Figure 2F).

Association of JKAP with Th17 cells, Treg cells, and
the Th17/Treg ratio

Interestingly, the correlation analysis revealed that
JKAP was negatively correlated with Th17 cells in
postpartum women (r=–0.242, Po0.001) (Figure 3A).
However, JKAP was positively correlated to Treg cells
(r=0.371, Po0.001) (Figure 3B). In addition, JKAP was
inversely correlated with the Th17/Treg ratio (r=–0.349,
Po0.001) (Figure 3C).

Table 1. Clinical characteristics of postpartum women.

Characteristics Values (n=250)

Age (years), mean±SD 28.2±3.7

Education level, n (%)

Primary school or less 9 (3.6)

Middle or high school 149 (59.6)

Undergraduate or above 92 (36.8)

Annual family income (CYN), n (%)

o100,000 9 (3.6)

100,000–199,999 141 (56.4)

200,000–299,999 71 (28.4)

X300.000 29 (11.6)

History of smoking, n (%)

No 215 (86.0)

Yes 35 (14.0)

History of drinking, n (%)

No 195 (78.0)

Yes 55 (22.0)

Previous gravidity times, n (%)

0 48 (19.2)

1 102 (40.8)

2 77 (30.8)

3 20 (8.0)

4 3 (1.2)

Previous birth number, n (%)

0 177 (70.8)

1 71 (28.4)

2 2 (0.8)

Previous abortion times, n (%)

0 63 (25.2)

1 126 (50.4)

2 56 (22.4)

3 5 (2.0)

Gestational week, median (IQR) 39.0 (38.0–40.0)
Unplanned pregnancy, n (%)

No 218 (87.2)

Yes 32 (12.8)

Planned maternity leave time, n (%)

p128 days 179 (71.6)

4128 days 71 (28.4)

Satisfaction with labor experience, n (%)

No 60 (24.0)

Yes 190 (76.0)

Breastfeeding difficulty, n (%)

No 158 (63.2)

Yes 92 (36.8)

Number of caregivers, n (%)

o2 77 (30.8)

X2 173 (69.2)

Th17 cell (%), median (IQR) 2.4 (1.4–3.9)
Treg cell (%), median (IQR) 6.5 (5.3–7.6)
Th17/Treg ratio, median (IQR) 0.4 (0.2–0.6)

SD: standard deviation; CYN: Chinese Yuan; IQR: interquartile
range; Th17: T helper type 17; Treg: regulatory T. Figure 1. The distribution of the JKAP in 250 postpartum women.

Braz J Med Biol Res | doi: 10.1590/1414-431X2024e13253

JKAP and anxiety/depression in postpartum women 3/9

https://doi.org/10.1590/1414-431X2024e13253


Table 2. Correlation of JKAP with clinical characteristics in postpartum women.

Characteristics JKAP (pg/mL), median (IQR) P value

Age 0.247

o28 years 55.0 (42.6–83.5)
X28 years 50.2 (40.8–74.0)

Education level 0.026

Primary school or less 40.2 (37.6–49.8)
Middle or high school 50.3 (39.4–74.7)
Undergraduate or above 55.1 (44.0–86.1)

Annual family income (CYN) 0.183

o100,000 41.9 (35.1–74.0)
100,000–199,999 49.8 (37.9–75.2)
200,000–299,999 53.8 (43.6–78.3)
X300,000 59.5 (45.0–83.9)

History of smoking 0.349

No 51.4 (40.5–74.9)
Yes 55.5 (43.7–84.1)

History of drinking 0.093

No 52.8 (42.0–80.7)
Yes 47.8 (38.9–72.4)

Previous gravidity times 0.898

0 52.2 (40.7–75.8)
1 53.8 (38.4–83.5)
2 50.2 (42.5–77.1)
3 54.7 (45.5–69.7)
4 38.1 (31.7–NA)

Previous birth number 0.253

0 53.7 (40.9–82.6)
1 49.3 (41.1–61.4)
2 88.8 (59.7–NA)

Previous abortion times 0.367

0 51.2 (39.2–76.1)
1 52.4 (41.6–79.1)
2 56.8 (43.8–81.5)
3 45.0 (34.9–51.8)

Gestational week 0.689

o39.0 weeks 52.7 (40.7–76.4)
X39.0 weeks 52.1 (41.7–77.3)

Unplanned pregnancy 0.377

No 52.9 (41.2–77.6)
Yes 48.1 (39.9–72.7)

Planned maternity leave time 0.424

p128 days 50.8 (41.2–74.5)
4128 days 53.8 (40.2–84.2)

Satisfaction with labor experience 0.859

No 52.2 (42.3-75.4)

Yes 52.3 (40.4-78.5)

Breastfeeding difficulty 0.624

No 52.9 (41.6-78.4)

Yes 50.1 (41.0-76.0)

Number of caregivers 0.918

o2 52.4 (43.2-71.1)

X2 51.4 (40.5-82.6)

JKAP: Jun N-terminal kinase pathway-associated phosphatase; IQR: interquartile
range; CYN: Chinese Yuan; NA: not available. Age and gestational week were
dichotomized by median values. The median value of age was 28.0 years and the
median value of gestational week was 39.0 weeks. Wilcoxon rank-sum test,
Kruskal-Wallis H rank-sum test, or Spearman test.
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Association of Th17 cells, Treg cells, and the Th17/
Treg ratio with anxiety

Th17 cells were positively correlated with STAI6 score
(r=0.223, Po0.001) (Figure 4A), while Treg cells were not
correlated to STAI6 score in postpartum women (r=
–0.074, P=0.241) (Figure 4B). Moreover, the Th17/Treg
ratio was positively correlated with the STAI6 score
(r=0.219, Po0.001) (Figure 4C). Th17 cell levels were
greater in postpartum women with anxiety than in those
without anxiety [median (IQR): 3.2 (1.7–4.6) vs 2.2 (1.4–
3.8)%] (P=0.004) (Figure 4D). Nevertheless, there was no
difference in Treg cells between postpartum women with
and without anxiety [median (IQR): 6.2 (5.1–7.5) vs 6.8
(5.4–7.8)%] (P=0.290) (Figure 4E). Notably, the Th17/Treg
ratio was greater in postpartum women with anxiety than
in those without anxiety [median (IQR): 0.5 (0.3–0.9) vs
0.3 (0.2–0.6)] (P=0.003) (Figure 4F).

Association of Th17 cells, Treg cells, and the Th17/
Treg ratio with depression

A positive correlation was observed between Th17
cells and the EPDS score in postpartum women (r=0.353,
Po0.001) (Figure 5A). However, no relationship was
found between Treg cells and the EPDS score in
postpartum women (r=–0.062, P=0.325) (Figure 5B).
Furthermore, the Th17/Treg ratio was positively asso-
ciated with the EPDS score (r=0.326, Po0.001) (Figure
5C). Th17 cells were greater in women with depression
than in those without depression [median (IQR): 3.5
(1.7–5.0) vs 2.2 (1.3–3.5)%] (Po0.001) (Figure 5D).
No difference in Treg cells was detected between
participants with and without depression [median (IQR):
6.1 (5.1–7.5) vs 6.8 (5.5–7.7)%] (P=0.169) (Figure 5E).
Moreover, the Th17/Treg ratio was greater in partici-
pants with depression than in those without depression

Figure 2. JKAP in postpartum women with and without anxiety or depression. A, State-Trait Anxiety Inventory (STAI6) score and anxiety
rate. Associations of JKAP with STAI6 score (B) and JKAP with anxiety classified by STAI6 score (C); associations of the EPDS score
and depression rate (D); and the associations of JKAP with the EPDS score (E) and depression classified by the EPDS score (F) in
postpartum women. Data are reported as means (SD) or median (interquartile range). Wilcoxon rank-sum test.

Figure 3. A–C, Spearman correlation analysis of JKAP with Th17 cells, Treg cells, and the Th17/Treg ratio in 250 postpartum women.
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[median (IQR): 0.5 (0.3–0.9) vs 0.3 (0.2–0.5)] (Po0.001)
(Figure 5F).

Discussion

Anxiety and depression have already become non-
negligible psychological issues in postpartum women.
Previous studies have suggested that the rates of anxiety
and depression in postpartum women are approximately

20.6–27.9% and 20.4–29.1%, respectively (8,24–26). The
findings of our study were similar showing that 22.0 and
28.4% of postpartum women experienced anxiety and
depression, respectively. Notably, one previous study
showed even greater anxiety and depression rates in
postpartum women, reaching 40.8 and 38.8%, respec-
tively (27). Another study showed that anxiety and
depression rates in postpartum women were lower, at
only 14.7 and 8.0%, respectively (2). These different

Figure 4. Th17 cells, Treg cells, and the Th17/Treg ratio in postpartum women with and without anxiety. A–C, Spearman correlation of
Th17 cells, Treg cells, and the Th17/Treg ratio with the State-Trait Anxiety Inventory (STAI6) score, and D–F, their levels in women with
and without anxiety classified by the STAI6 score. Data are reported as median (interquartile range). Wilcoxon rank-sum test.

Figure 5. Th17 cells, Treg cells, and the Th17/Treg ratio in postpartum women with and without depression. A–C, Spearman correlation
of Edinburgh Postnatal Depression Scale (EPDS) with Th17 cells, Treg cells, and the Th17/Treg ratio and, D–F, their levels in women
with and without depression classified by the EPDS score. Data are reported as median (interquartile range). Wilcoxon rank-sum test.
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findings might be due to the following reasons. 1) The use
of different time points for evaluating postpartum women’s
anxiety and depression; 2) The differences in the included
population; 3) Our study excluded postpartum women who
experienced complications within 6 weeks after delivery.
Therefore, a comprehensive evaluation that considers
these factors should be conducted to obtain more
accurate results.

JKAP may be involved in the regulation of anxiety and
depression (28). However, the relationship of JAKP with
anxiety and depression in postpartum women is still
unclear. Our study showed that there was a negative
relationship between the JKAP and anxiety and depres-
sion in postpartum women. According to several previous
studies, JKAP suppressed the activation of the IL-6/signal
transducer and activator of transcription 3 (STAT3) path-
way in mice (29); moreover, inhibition of the IL-6/STAT3
pathway prevented acid phosphatase 5 upregulation,
which modulated the excitability of prelimbic cortex
pyramidal neurons and reduced depression in rats (30).
Furthermore, JKAP reduced the secretion of IL-17A by
inhibiting the differentiation of human Th17 cells (17);
moreover, the reduction in IL-17A suppressed excitotoxic
hippocampal neuronal death and reduced the production
of hilar ectopic granule neurons in mice, which might
alleviate anxiety and depression (31). These studies
suggest that JKAP can negatively regulate anxiety and
depression (17,29–31).

Notably, JKAP inhibits immune responses in various
diseases (16,17,32). For example, one previous study
revealed that JKAP restrains the differentiation of Th17
cells in inflammatory bowel disease (17). Another study
revealed that the knockout of JKAP can mediate T-cell
hyperactivation in mice (32). Moreover, the association of
JKAP with Th17 cells has also been reported in some
clinical studies (17,33,34). Our study revealed that JKAP
was negatively associated with Th17 cells and the Th17/
Treg ratio, but positively associated to Treg cells in
postpartum women. Several previous studies support the
findings of our study: JKAP inactivates lymphocyte-specific
protein tyrosine kinase and blocks the transmission of T-cell
receptor (TCR) signaling, which further inhibits the differ-
entiation of CD4+ T cells into Th17 cells in mice (16).
Moreover, attenuation of TCR signaling promoted the
differentiation of Treg cells in mice (35). Therefore, the
association of JKAP with Th17 and Treg cells in postpartum
women might be explained by the effect of JKAP on TCR
signaling regulation. Because JKAP can facilitate the
differentiation of Th17 cells and inhibit the differentiation
of Treg cells, there was a negative correlation between
JKAP and the Th17/Treg ratio in postpartum women.

Previous evidence has shown that Treg cells are
involved in systemic inflammation and neuroimmune

dysfunction and illustrated the possibility of Treg cells
guiding personalized treatment of mental disorders in the
future (36,37). In addition, one previous study revealed
that inflammation is linked to anxiety in postpartum women
(15). Another study illustrated that blood Th17 cells and IL-
17A levels are positively related to anxiety and depression
in postpartum women (8). The findings of our study were
similar to those of these previous studies, which revealed
that Th17 cells and the Th17/Treg ratio were positively
associated with anxiety and depression in postpartum
women. One possible explanation is that human Th17
cells secrete IL-17 and IL-22, which destroy the integrity of
the blood-brain barrier and promote inflammation, thereby
leading to anxiety and depression (12).

Although one previous study revealed a negative
correlation between JKAP and anxiety and depression,
the causal relationships between JKAP and anxiety and
depression are still unclear (21). Interestingly, a novel
finding in our study was that there were differences in the
levels of JKAP among postpartum women with different
levels of education. We speculated that this result might
be due to differences in education levels leading to
differences in anxiety and depression in postpartum
women (38); moreover, anxiety and depression might
affect JKAP levels. Therefore, elevated JKAP was
correlated with higher education levels in postpartum
women. However, these hypotheses need to be further
explored in future research.

There were a few limitations in the current study. 1)
The STAI6 score and EPDS score were self-reported by
the enrolled postpartum women, which might have led to a
certain degree of bias; 2) The specific mechanism by
which JKAP participates in anxiety and depression needs
to be further explored in future research; 3) One previous
study showed that the detection of biomarkers in
cerebrospinal fluid is more meaningful for predicting,
identifying, and treating depression early in postpartum
women than in plasma (39). Our study only obtained
serum JKAP, and JKAP from cerebrospinal fluid samples
from postpartum women should be detected in future
research for further investigation; 4) In our study, only
Th17 cells and Treg cells were detected at 6 weeks after
delivery, and future research is required to measure Th17
cells and Treg cells in postpartum women at multiple time
points after delivery.

In conclusion, JKAP was inversely associated to Th17
cells and Th17/Treg ratio, and all of them are associated
with anxiety and depression in postpartum women. Our
study showed that JKAP may be involved in the
development of postpartum anxiety and depression by
interacting with Th17 cells and the use of JKAP and Th17
cells might be beneficial for the management of post-
partum women.
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