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Abstract
Background: In the present study, we aimed to assess whether adrenocorticotropic hormone (ACTH)
could protect the podocytes from adriamycin (ADR)-induced injury by stimulating B lymphocytes to
secrete the associated cytokines.
Methods: The supernatant of B lymphocytes was respectively collected after B lymphocytes were
intervened by phorbol myristate acetate (PMA) or ACTH4-10 (1 µg/L, 10 µg/L and 100 µg/L). Podocytes
were randomly divided into the groups as follows: normal control group, adriamycin (ADR) group, the
supernatant (1 µg/L, 10 µg/L, or 100 µg/L ACTH4-10)+ADR groups, ACTH4-10 (10 µg/L)+ADR group, and
the supernatant (10 µg/L ACTH4-10)+anti-IL-10R+ADR group. Proliferation assay was used to assess the
proliferation and activity of podocytes. Enzyme-linked immunosorbent assay was used to examine the
secretion of IL-10 and IL-4. TUNEL apoptosis detection kit was used to detect podocyte apoptosis.Realtime PCR and western blotting were used to examine the mRNA and protein expression of nephrin and
podocin.
Results: Compared with the normal control group, the podocyte proliferation of ADR group was
significantly inhibited. However, compared with the ADR group, the podocyte proliferation of the
supernatant (1 µg/L, 10 µg/L or 100 µg/L ACTH4-10)+ADR groups was generally increased, and the
proliferation effect of the supernatant containing 10 µg/L ACTH4-10 was the highest. Moreover, we found
that after B lymphocytes were intervened by 10 µg/L ACTH4-10, the IL-10 level in the cell supernatant was
significantly elevated (p <0.05). When anti-IL-10R was added, the podocyte proliferation of the
supernatant (10 µg/L ACTH4-10)+ADR group was significantly inhibited. Furthermore, the supernatant of
B cells stimulated with 10 µg/L ACTH4-10 could better decrease the apotosis rate of injuried podocytes
and increase the mRNA and protein expression of nephrin and podocin by elevating the secretion of IL-10.
Conclusions: Compared with ACTH4-10, the supernatant of B cells stimulated with ACTH4-10 could better
protect the podocytes from ADR-induced injury by elevating the secretion of IL-10.

Background
Chronic kidney disease (CKD) is an important factor leading to renal failure[1, 2]. It has been confirmed
that podocyte injury is the main pathological change associated with CKD[3, 4]. At present,
adrenocorticotropic hormone (ACTH) is one of the most effective therapeutic regimens for CKD, and its
underlying mechanism has been intensively studied[5, 6]. In our previous research, we have confirmed
that ACTH4 − 10(10 µg/L) can directly protect the podocytes from adriamycin (ADR)-induced injury[7].
However, as a classic immunological preparation, ACTH usually stimulates immune cells and then exerts
other functions in the body environment[8]. Of many immune cells, B lymphocytes are more susceptible
to ACTH stimulation[9], resulting in the secretion of corresponding cytokines. In the present study, we
aimed to investigate whether ACTH could protect the podocytes from adriamycin(ADR)-induced injury by
stimulating B lymphocytes to secrete the associated cytokines.
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Methods
Cell culture
Mouse B lymphocytes (WEHI 231) were purchased from the Cell Bank of the Chinese Academy of
Sciences and maintained in DMEM medium (Gibco, NY, USA) supplemented with 10% fetal bovine serum
(FBS, Gibco) at 37°C in a humidified atmosphere containing 5% CO2. The WEHI 231 cells were passaged
every 2–3 days.
Immortalized mouse podocytes (MPC5) (gifted by Professor Xu Ning from Lund University, Sweden) were
maintained in RPMI-1640 medium (Gibco) supplemented with 10% FBS, 2 mM glutamine (Sigma, MO,
USA) and 10 g/mL interferon-gamma (IFN-γ, Sigma) at 33°C in a humidified atmosphere containing 5%
CO2. Cell were passaged every 2–3 days. The MPC5 cells were differentiated at 37°C in the absence of
IFN-γ for 10 days[10, 11].
B lymphocyte supernatant groups
B lymphocytes were divided into three groups as follows. Normal control group: cells were centrifuged at
1,000×g for 10 min to remove particles and polymer. Phorbol myristate acetate (PMA) intervention group:
cells were exposed to 100 ng/mL PMA for 24 h, followed by centrifugation at 1,000×g for 10 min to
remove particles and polymer. ACTH4-10 intervention group: cells were cultured in the presence of ACTH410

at various concentrations (1 µg/L, 10 µg/L and 100 µg/L) for 1 h, followed by centrifugation at

1,000×g for 10 min to remove particles and polymer. PMA was obtained from Sigma Chemicals (MO,
USA). ACTH4-10 was supplied by Cayman Chemical Company (MI, USA).
Podocyte groups
All podocytes were randomly divided into the following groups: normal control group, ADR group, the
supernatant (1 µg/L, 10 µg/L and 100 µg/L ACTH4-10)+ADR groups, ACTH4-10 (10 µg/L)+ ADR group, and
the supernatant (10 µg/L ACTH4-10)+ anti-IL-10R+ADR group. Briefly, 3 mL cell culture supernatant of B
lymphocytes stimulated with different concentrations of ACTH4-10 was added to the culture medium of
podocytes. Moreover, equal volumes of supernatants were added to culture medium of normal control
and ADR groups. The normal control group received no treatment. The model of podocyte injury was
established by exposing cells to ADR (1 mol/L) for 24 h, and the ACTH4-10 (10 µg/L)+ADR group was
intervened with 10 µg/L ACTH4-10 for 1 h prior to podocyte injury. In the supernatant (1 µg/L, 10 µg/L and
100 µg/L ACTH4-10)+ADR groups, the cell culture supernatant of B lymphocytes stimulated with different
concentrations of ACTH4-10 (1 µg/L, 10 µg/L and 100 µg/L) was added to the culture medium of
podocytes for 1 h prior to podocyte injury. According to previous studies, anti-IL-10R was added at a
concentration of 10 µg/mL for 1 h. In the supernatant (10 µg/L ACTH4-10)+anti-IL-10R+ADR group, the
supernatant (10 µg/L ACTH4-10) as well as anti-IL-10R and ADR of above-mentioned concentrations were
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added to the culture medium of podocytes. Anti-IL-10R was obtained from R&D Company (MI, USA). ADR
was purchased from Cayman Chemical Company (MI, USA).
Enzyme-linked immunosorbent assay (ELISA)
The levels of IL-4 and IL-10 were determined by commercially available ELISA kits (Arigo biolaboratories,
Taiwan, China) according to the manufacturer’s instructions[12]. Total cell lysates were prepared, and the
protein concentration was adjusted using lysis buffer. To detect IL-4 level in the supernatant, cells were
cultured in 6-well plates. Subsequently, cells were cultured in 1 mL of serum-free medium containing
proteinase inhibitors. The medium was then harvested and centrifuged, and 100 µL supernatant was
subjected to ELISA. Cells were counted to determine the amount of IL-4 secreted per cell.
Podocyte proliferation assay
Cell viability was determined using Cell Counting Kit-8 (CCK-8, MedChem Express, USA) according to the
manufacturer’s instructions[13]. The podocytes of the normal control and experimental groups were
seeded into 96-well plates at a density of 1~5 * 104 cells/mL. Three replicates were set for each group. In
addition, 20 µL CCK-8 reagent was added into each well, followed by incubation at 37°C for 2 h, and then
the absorbance value of each well at a wavelength of 450 nm was measured and recorded. The cell
growth curve was drawn accordingly.
TUNEL apoptosis assay[14]
The level of apoptosis was determined by terminal deoxynucleotidyl transferase (TdT)-mediated dUTP
nick end-labeling (TUNEL) assay using the In Situ Cell Death Detection Kit (Roche Diagnostics,
Mannheim, Germany) following the manufacture’s protocol. Total cells were visualized for DAPI staining,
and apoptotic cells were visualized for FITC staining using a laser-scanning confocal microscope
(Zeiss).
Quantitative polymerase chain reaction (qPCR)
qPCR was carried out as described previously[15, 16]. Total RNA was isolated using Trizol Reagent
(Invitro-gen, Carlsbad, CA, USA). Equal amounts of RNA (1 µg) were reversely transcribed into cDNA using
Revert Aid First StrandcDNA synthesis kit (Fermentas). qPCR was performed on an ABI 7500 system
(Applied Biosystems, Foster City, CA) using mouse IL-10R primers (forward: 5′AGGCAGAGGCAGCAGGCCCAGCAGAATGCT-3′; reverse: 5′-TGGAGCCTGGCTAGCTGGTCACAGTAGGTCT3′), nepherin primers(forward: 5′-TCGGGTTACATTCCACAGCT-3′; reverse: 5′-GAGTTCATGGGAGAGCAAGT3′), podcocin primers(forward: 5′-TGGCAGCCTCACATCCTTAA-3′; reverse: 5′-TCCAAAGCCATCCAGTTCCT3′), 18S primers (forward: 5′-TCAACACGGGAAACCTCAC-3′; reverse: 5′-CGCTCCACCAACTAAGAAC-3′) and
SYBR®green PCRMaster Mix (Invitrogen). The relative expression of IL-10R was calculated using the 2ΔΔCt

method, and 18S was selected as a housekeeping gene for qPCR.

Western blot
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Cells were washed with PBS and lysed with RIPA buffer. Protein concentration was determined
by BCA protein assay kit (Pierce, Rockford, IL, USA). Protein were separated by 10% sodium dodecyl
sulfate-polyacrylamide gels(SDS-PAGE) and transferred onto nitrocellulose membranes. Then,
membranes were blocked in 5% (w/v) non-fat dry milk powder in 0.1% Tris buffered saline/Tween 20
(TBST) for 1 h. Membranes were washed wirh TBST and then incubated with primary antibodies at
optimized dilutions at 4°C overnight. After that, membranes were washed with TBST again and incubated
with secondary antibodies for 1h. Membranes were visualized using ECL chemiluminescence (Thermo
Company, West Chester, PA, USA). The band densities were analyzed with Image J software (National
Institute of Health, USA). Primary antibodies were puechased form TIANGEN(Beijing, China).
Statistical analysis
Normally distributed data (Shapiro-Wilks test) were expressed as mean ± standard deviation. Statistical
analysis was performed with GraphPad Prism 5 software (GraphPad Software, CA, USA) using Student’s
t-test or one-way analysis of variance, followed by a post-hoc Tukey‘s test where applicable. A p value
less than 0.05 was considered as statistically signiﬁcant. All experiments were performed at least for
three times.

Results
The supernatant of B cells stimulated with 10 µg/L ACTH4-10 can better promote the proliferation of
injured podocytes
From day 1 to day 5, the podocytes of the normal control group were almost logarithmically proliferated.
Compared with the normal control group, the podocyte proliferation of ADR group was significantly
inhibited from day 3 to day 5 (p<0.001, p<0.001 and p<0.001, respectively, Fig. 1). The supernatant of B
lymphocytes which were intervened by 1 µg/L ACTH4-10 could significant promote the proliferation of
podocytes compared with the ADR group on day 4 and day 5 (p<0.05 and p<0.01, respectively, Fig. 1).
The supernatant of B lymphocytes which were intervened by 10 µg/L ACTH4-10 could significant promote
the proliferation of podocytes compared with the ADR group from day 3 to day 5 (p<0.01, p<0.001 and
p<0.001, respectively, Fig. 1). The supernatant of B lymphocytes which were intervened by 100 µg/L
ACTH4-10 could significant promote the proliferation of podocytes compared with the ADR group on day 4
and day 5 (p<0.001 and p<0.001, respectively, Fig. 1). Compared with the 1 µg/L ACTH4-10 group, the
supernatant of B lymphocytes which were intervened by 10 µg/L ACTH4-10 could significant promote the
proliferation of podocytes from day 3 to day 5 (p<0.05, p<0.001 and p<0.001, respectively, Fig. 1).
Compared with the 100 µg/L ACTH4-10 group, the supernatant of B lymphocytes which were intervened by
10 µg/L ACTH4-10 could significant promote the proliferation of podocytes on day 3 and day 5 ( p<0.01
and p<0.001, respectively, Fig. 1). The proliferation effect of the supernatant of B lymphocytes which
were intervened by 10 µg/L ACTH4-10 was the highest. Furthermore, the supernatant of B lymphocytes
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which were intervened by 10 µg/L ACTH4-10 better promoted the podocyte proliferation compared with
ACTH4-10 (10 µg/L) on day 4 and day 5 (p<0.01 and p<0.001, respectively, Fig. 2).

The supernatant of B cells stimulated with 10 µg/L ACTH4-10 has a higher level of IL-10 secretion
1. IL-4 ELISA experiment results (Fig. 3A)
①The PMA intervention group had a significantly higher level of IL-4 expression (p<0.05) compared with
the normal control group.
②Compared with the normal control group, treatment with ACTH4-10 (regardless 1 µg/L, 10 µg/L, or 100
µg/L) did not elevate the expression of IL-4 (p>0.05).
③Comparing PMA intervention group with ACTH4-10 intervention groups, the p value was less than 0.05.
This finding indicated that the effect of PMA intervention on IL-4 secretion was significantly higher
compared with ACTH4-10 (regardless 1 µg/L, 10 µg/L, or 100 µg/L) intervention groups.
2. IL-10 ELISA experiment results (Fig. 3B)
①Compared with the normal control group, there were no significant changes in terms of IL-10 expression
after PMA stimulation (p>0.05).
②The overall p value was less than 0.05 between the normal control group and ACTH4-10 intervention
groups, indicating that ACTH4-10 could significantly elevate the expression of IL-10. However, the elevation
effect was not in a dose-dependent manner. It was found that following 10 µg/L ACTH4-10 treatment, the
level of IL-10 secretion was significantly elevated (p < 0.05).
③Compared with the PMA intervention group, ACTH4-10 (10 µg/L) intervention group had a higher level of
IL-10 expression (p < 0.05). The result suggested that the effect of ACTH4-10 (10 µg/L) intervention on IL10 secretion was significantly higher compared with the PMA intervention.

The proliferation of injured podocytes in the presence of supernatant of B cells stimulated with 10 µg/L
ACTH4-10 is inhibited by blocking the IL-10 receptor
In our study, the proliferation of injured podocytes in the presence of the supernatant of B cells stimulated
with 10 µg/L ACTH4-10 was significantly inhibited when anti-IL-10R was added from day 3 to day 5
(p<0.01, p<0.001 and p<0.001, respectively, Fig. 4).

The supernatant of B cells stimulated with 10 µg/L ACTH4-10 could better decrease the apotosis rate of
injuried podocytes by elevating the secretion of IL-10 (Fig. 5)
The apoptosis rate of podocytes in the normal control group was about 5.12%, and the apoptosis rate of
podocytes in the ADR group was significantly higher, about 38.14%. Compared with the ADR group, the
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apoptosis rate was lower in another two groups. Namely, the apoptosis rate of the supernatant (10 µg/L
ACTH4-10)+ADR group was about 11.02%, and the apoptosis rate of the ACTH4-10 (10 µg/L)+ADR group
was about 17.39%. In addition, compared with the supernatant (10 µg/L ACTH4-10)+ADR group, the
apoptosis rate significantly increased in the supernatant (10 µg/L ACTH4-10)+ anti-IL-10R+ADR group,
about 20.45%.

The supernatant of B cells stimulated with 10 µg/L ACTH4-10 could better increase the mRNA and protein
expression of nephrin and podocin in the injuried podocytes by elevating the secretion of IL-10 (Fig. 6)
Compared with the normal control group, the mRNA and protein expression of nephrin and podocin
significantly decreased in the ADR group (p < 0.05). And ACTH4-10 and the supernatant of B cells
stimulated with 10 µg/L ACTH4-10 could both increase the mRNA and protein expression of nephrin and
podocin in the injuried podocytes (p < 0.05). However, compared with the ACTH4-10 (10 µg/L)+ADR group,
the expression level of nephrin and podocin was higher in the supernatant (10 µg/L ACTH4-10)+ADR
group (p < 0.05). In addition, compared with the supernatant (10 µg/L ACTH4-10)+ADR group, the mRNA
and protein expression of nephrin and podocin significantly decreased in the supernatant (10 µg/L
ACTH4-10)+ anti-IL-10R+ADR group(p < 0.05).

Discussion
According to our research, we found that the supernatant of B cells stimulated with ACTH4-10 could better
protect the podocytes from ADR-induced injury compared with ACTH4-10. The secretion of IL-10 was
significantly increased in the supernatant. Interestingly, after the effect of IL-10 was blocked, the
protective effect of injured podocytes in the presence of the supernatant was inhibited. Therefore, we
believed that IL-10 was an important mediator, through which the supernatant could have the better
protective effect on podocyte injury induced by ADR.
Previous studies have demonstrated that ACTH can regulate immune cells[17], such as B lymphocytes, T
lymphocytes and NK cells, resulting in the alteration of cytokine secretion, which can play a series of
corresponding roles[18]. Of the multiple immune cells, B lymphocytes are the main target cells of
ACTH[19]. In the present study, we stimulated B cells with ACTH of three concentrations. Firstly, the
supernatants of B cells stimulated with ACTH4-10 at three concentrations were added to the culture
medium of podocytes, and then podocytes were exposed to ADR. Our current experimental treatment time
of the supernatants was selected, namely 1 h, based on relevant literature[7, 20, 21]. Moreover, the
supernatants could significantly promote the proliferation of injured podocytes compared with the ADR
group. The proliferation effect of the supernatant of B cells stimulated with 10 µg/L ACTH4-10 was higher
compared with the other two concentrations (1 µg/L or 100 µg/L ACTH4-10). Though our previous study
has confirmed that ACTH4-10(10 µg/L) can directly protect the podocytes from adriamycin (ADR)-induced
injury, this research further found that the supernatant of B cells stimulated with 10 µg/L ACTH4-10 better
promoted the proliferation of injured podocytes compared with 10 µg/L ACTH4-10. This finding indicated
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that the supernatants of B cells stimulated with ACTH4-10 at three concentrations maintained the activity
of injured podocytes, especially the supernatant containing 10 µg/L ACTH4-10.
Subsequently, we further tested the cytokines in the supernatant of B cells stimulated with ACTH4-10.
According to the relevant literature[18], the interleukin series are the classical cytokines secreted by B
lymphocytes. Among them, studies have confirmed that IL-10 and IL-4 can significantly affect renal
function[22]. Therefore, we specifically detected the secretion of these two representative cytokines.
However, the effects of these two interleukins on renal function are different. IL-10 can reduce the
inflammatory response, delay the deterioration of renal function and protect the kidney from CKD[23, 24].
In contrast, IL-4, as a pro-inflammatory factor, aggravates local inflammatory reactions and impairs the
renal function[25, 26]. After ACTH4-10 (especially 10 µg/L ACTH4-10) was added, we found that the
secretion of IL-10 in the supernatant was significantly increased, while the secretion of IL-4 in the
supernatant was not significantly different from the normal control group. This finding indicated that
ACTH could stimulate B lymphocytes to secret more IL-10, especially at a concentration of 10 µg/L, while
IL-4 secretion was not affected by addition of ACTH4-10.
Although some studies have shown that IL-10 can protect the kidney function, no study has assessed the
effect of IL-10 on podocytes. Therefore, we explored whether IL-10 played a mediating role in the
proliferation of injured podocytes. Then we added the inhibitor of IL-10 receptor into the supernatant to
block the effect of IL-10. The dose used was experimentally verified, and the effect of IL-10 was
completely suppressed. The results showed that the proliferation effect of the supernatant was
significantly inhibited. This finding indicated that the activity of injured podocytes was also inhibited.
Therefore, we believed that IL-10 was an important mediator, which promoted the proliferation of injured
podocytes in the supernatant. ACTH4-10 stimulated B cells to secrete more IL-10, thereby protecting the
activity of injured podocytes.
On the basis of the above research, we further expanded the related research. In terms of podocyte
apoptosis, the TUNEL method was used to detect the apoptosis rate of podocytes in each group. It was
found that the supernatant of B cells stimulated with ACTH4-10(10 µg/L) had the lowest apoptosis rate of
injuried podocytes. Namely, it could better maintain the number of these cells compared with ACTH4-10(10
µg/L). And when the IL-10 receptors were blocked, the apoptosis rate of podocytes increased
significantly. This finding indicated that IL-10 was an important mediator of the supernatant. The integrity
of slit membrane plays an important role in maintaining normal structure and filtration function of the
podocyte[27]. And nephrin and podocin are the key proteins which can maintain the integrity of slit
membrane[28]. Our study revealed that the supernatant could better maintain the integrity of slit
membrane by increasing the expression of nephrin and podocin in injuried podocytes compared with
ACTH4-10(10 µg/L). Similarly, this effect was also mediated by elevating the secretion of IL-10.
PMA is a classic lymphocyte-stimulating reagent. When B cells were stimulated by PMA, the IL-10
secretion remained unchanged, while the IL-4 secretion was significantly increased. It has been previously
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documented that PMA can cause IL-2 elevation. IL-2 and IL-4 are all pro-inflammatory cytokines.
Therefore, we inferred that PMA was a type of inflammatory stimuli. In addition, according to the different
responses of B cells to ACTH4-10 and PMA, we hypothesized that B cells were not a simple type of
inflammatory cells. B cells had a double-sided effect and could react differently to different stimuli, which
was consistent with a previous study[29].
Collectively, the supernatant of B cells stimulated with ACTH4-10 could better maintain the activity and
number of injuried podocytes and stabilize the slit membrane of these cells by elevating the secretion of
IL-10. This indicate that ACTH might better protect the injuried podocytes in the body environment.
Certainly, the related animal experiments would be needed in the future.
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Figures

Figure 1
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The changes of podocyte proliferation in each group (CCK-8 method). Data were presented as mean ±
SEM, n = 3–5. ***p < 0.001 compared with the normal control group. #p<0.05, ##p<0.01,###p<0.001
compared with the ADR group. $$$p<0.001 compared with the supernatant (10 µg/L ACTH4-10) +ADR
group.

Figure 2
The changes of podocyte proliferation in each group (CCK-8 method). Data were presented as mean ±
SEM, n = 3–5. **p < 0.01, ***p < 0.001 compared with the normal control group. ##p<0.01, ###p<0.001
compared with the supernatant (10 µg/L ACTH4-10) +ADR group.
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Figure 3
Effects of the supernatant of B cells stimulated with ACTH4-10 on IL-4 and IL-10 levels. Cells were treated
with 100 ng/mL PMA or the supernatant of B cells stimulated with ACTH4-10 of various concentrations
(1, 10, 100 µg/L). The IL-4 (Fig. 3A) and IL-10 (Fig. 3B) levels were assessed by ELISA. Results were
normalized to the normal control group and expressed as mean ± SEM. One-way analysis of variance
followed by a post hoc (Tukey) analysis was used for statistical analysis, n=3-5.
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Figure 4
The changes of podocyte proliferation in each group by CCK-8 method. Data were presented as mean ±
SEM, n = 3–5. **p < 0.01, ***p < 0.001 compared with the normal control group. ##p<0.01,###p<0.001
compared with the supernatant (10 µg/L ACTH4-10) +ADR group.
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Figure 5
Effects of different treatments on the cell apoptosis in MPC5. The supernatant (10 µg/L ACTH4-10)
protected MPC5 from apoptosis detected by TUNEL assay in ADR treatment. Representative pictures of
each treatments. Apoptotic cells shown as green fluorescence with FITC staining. The nucleus was
stained with DAPI, shown as blue fluorescence.
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Figure 6
Effects of different treatments on the mRNA and protein expressions of nephrin and podocin in MPC5.
Nephrin and podocin mRNA level was determined by quantitative PCR (A and B) while nephrin and
podocin protein expression (C) assessed by western blot analysis. Results were expressed as mean ±
SEM, n = 3–5. *p < 0.05, **p < 0.01, ***p < 0.001 compared with the normal control group. #p<0.05,
##p<0.01,###p<0.001 compared with the ADR group. N.S., not significant. 1, Control; 2, the ADR group; 3,
the supernatant (10 µg/L ACTH4-10)+anti-IL-10R+ADR group; 4, ACTH4-10 (10 µg/L)+ADR group; 5, the
supernatant ( 10 µg/L ACTH4-10)+ADR groups.
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