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ABSTRACT Polysaccharide Of Atractylodes Macro-
cephala Koidz (PAMK) has been proved to have anti-
cancer, antitumor, anti-inflammation function and
improve the immune level of the organism. The miRNA
plays a very important role in regulating the immune
function by negatively regulate the expression of target
genes. To explore the molecular mechanism of PAMK
active the lymphocytes, thirty 61-d-old geese were ran-
domly divided into 4 groups (C, CTX, PAMK, PAMK
+CTX). The thymus morphology, the level of serum
granulocyte-macrophage colony-stimulating factor
(GMC-SF), IL-1b, IL-3, IL-5, the relative mRNA
expression of CD25, novel_mir2, CTLA4 and CD28
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signal pathway were measured. Further more, the lym-
phocytes was extracted from thymus to measure the rel-
ative mRNA expression of CD28 signal pathway. The
results showed that PAMK could significantly maintain
normal cell morphology of thymus, alleviate the decrease
level of GMC-SF, IL-1b, IL-5, IL-6, TGF-b, the increase
level of IL-4, IL-10, and the decrease relative mRNA
expression of novel_mir2, CD25 and CD28 signal path-
way in thymus and lymphocytes induced by cyclophos-
phamide (CTX). In conclusion, PAMK alleviated the
decreased T lymphocytes activation levels induced by
CTX through novel_mir2/CTLA4/CD28/AP-1 signal
pathway.
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INTRODUCTION

Polysaccharide Of Atractylodes Macrocephala Koidz
(PAMK) is one of the main components extracted from
Atractylodes macrocephala, which has been used as Chi-
nese traditional medicine for nearly 2000 years. At present,
PAMK has been reported to relieve upper respiratory tract
infection, enhance the immune function of the spleen, thy-
mus and stomach, promote gastrointestinal peristalsis,
maintain the balance of intestinal microbiota(Guo et al.,
2012; Shi et al., 2012; Xu and Tian, 2015). In terms of
immune function, PAMK could anti-cancer, anti-inflam-
matory, anti-antitumor, improve the level of cellular
immunity and humoral immunity(Sun et al., 2015;
Xu and Tian, 2015; Guo et al., 2019). Some researchers
indicated that PAMK could increase the spleen and thy-
mus index of mice and geese. Besides it also could promote
the lymphocytes proliferation, regulate the balance of T/B
cells and Th1/Th2 cells, maintain the balance of secretion
of cytokines(Li et al., 2009; Guo et al., 2012; Liu et al.,
2015). CTX, which is known as immunosuppressor, was
often used to make immunosuppressive model, caused it
could inhibit bone marrow hematopoietic and the lympho-
cytes promotion, decrease the secretion of cytokines,
reduce the level of humoral immunity and cellular immu-
nity(Guo et al., 2019; Ibrahim et al., 2019). Of all immune
factors, we specially focus on the activation of T lympho-
cytes, which indicated the immune level of the organism.
However, the mechanism that PAMK enhances cytokines
and activates lymphocytes is still unknown. Modern
research has confirmed that a novel polysaccharide
obtained from Craterellus cornucopioides, Ganoderma luci-
dum polysaccharides could alleviate the immunosuppres-
sive active of T lymphocytes caused by CTX through
TLR4-MyD88-NF-kB, Ca2+/CaN/NFAT/IL-2 pathway
(Yu et al., 2015; Guo et al., 2019) Thus, to investige the
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signal pathway that PAMK active the T lymphocytes
would be necessary.

Small RNA (miRNA) refers to a single-stranded non-
coding RNA with a length of about 20-24 bp, which
regulates post-transcriptional gene expression by selec-
tively degrading target gene mRNA or inhibiting trans-
lation, some miRNAs are specific to target gene
regulation. Based on the previous research of the
research group, we found a small RNA significantly dif-
ferently expressed between the PAMK and PAMK
+CTX groups: novel_mir2, and forecast it’s target
geen to be Cytotoxic T lymphocyte-associated antigen
4 (CTLA4). To explore whether PAMK active the T
lymphocytes by novel_mir2/CTLA4/CD28 signal
pathway, geese immunosuppressive model was con-
structed. The thymus histological structure, serum level
of cytokines, relative mRNA expression of cytokines in
thymus and novel_mir2/CD28/CTLA4 signal pathway
in thymus and T lymphocytes, was measured by Hema-
toxylin-eosin staining (HE), Transmission Electron
Microscope (TEM), scanning electron microscope
(SEM), ELISA, and qPCR. That will give a conclusion
that PAMK may alleviate decreased T lymphocytes
activation levels induced by CTX through novel_mir2/
CTLA4/CD28/AP-1 signal pathway.
MATERIALS AND METHODS

Experiment Grouping and Treatments

All geese were purchased form Guangdong Qingyuan
Jinyufeng Goose Co., Ltd., which is a professional goose-
breeding company. The geese were housed in specific
pathogen-free environment and were enrolled in experi-
ments at 1 day of age, with half of them male and half
female and randomly divided into four groups (C;
PAMK; CTX; PAMK+CTX; 9 geese/group). All geese
were treated humanely, and the experiments received
prior ethical approval in accordance with Zhongkai Uni-
versity of Agriculture and Engineering under the
approved protocol number SRM-11.

PAMK (purity 95 %) was purchased from Yangling-
ciyuan Biotechnology company (Xi'an, China). The four
groups of geese had free access to food and water. The C
and CTX groups were fed normal diets, whereas groups
PAMK and CTX+PAMK were fed the normal diet sup-
plemented with PAMK at a dose of 400 mg(kg body
weight). In addition, C and PAMK were injected with
0.5 mL saline, while CTX and CTX+PAMK groups were
injected with CTX (Jiangsu Hengrui Pharmaceutical,
China) at 40 mg(kg body weight) per day at 12 to
14 days of age (Figure 1a). Thymus and blood were col-
lected at 28 d of age. All the samples were placed in liquid
nitrogen immediately and stored at -80 °C until analysis.
Thymus Histology and Ultramicroscopic
Morphology Observation

HE staining: We serially sectioned the paraffin-fixed
blocks into 5-6-mm-thick coronal slices. For routine
histological examination, the paraffin sections were
stained with HE. HE-stained slices were analyzed under
a Nikon fluorescence microscope (Nikon, Tokyo, Japan).
TEM: We divided each thymus into small blocks of 1

mm3 and then fixed with 2.5 % glutaraldehyde at 4 °C.
Ultrathin slices with 50-70 nm thickness were prepared
and stained with uranyl acetate (22400, EMS, USA)
and lead citrate (19314, TED PELLA, USA) following
the conventional protocol. The samples were examined
under a transmission electron microscope (JEM-1400,
Japan).
SEM: The thymus were fixed with 2.5 % glutaralde-

hyde for >2 h and observed under a scanning electron
microscope (Hitachi S3000N, Tokyo, Japan).
Assays of Cytokines in Serum

The blood of geese was collected and centrifuged to
separate serum. The levels of IL-3 (XY-ELA0093), IL-5
(XY-ELA0095), IL-1b (XY-ELA1071), and GM-CSF
(XY-ELA8641) were measured by using ELISA kits
(Shanghai Xinyu Technology Company, Shanghai,
China).
Quantitative Reserve-Transcription PCR
Analysis

Total RNA was extracted from the thymus with TRI-
zol reagent (Thermo Fisher, USA) and reverse-tran-
scribed was performed by the Reverse Transcription Kit
(Takara, Japan) and ImPro-IITM Reverse Transcrip-
tion Systerm (promega, USA). The primers (Table 1) of
related genes were designed by using Primer Premier 5.0
software (Premier Biosoft International, USA). An ABI
PRISM 7500 detection system (Applied Biosystems,
Foster City, CA) was used to measure the relative
mRNA expression of genes related to the T lymphocytes
activation.
Double Luciferase Reporter Gene to
Validation of Target Gene

We constructed new vectors based on psiCHECK-2
plasmids. Inserting the target response elements
(CTLA4 3’UTR) into psiCHECK-2 and using XhoI/
NotI to double digestion. The target fragment was
ligated with the vector with T4 ligase, transformed, and
the plasmid was digested to identify positive clones and
sequenced. Mutating the target locus to a new vector,
which named psiCHECK-2-CTLA4-plasmids. Mutate
the binding site of novel-mir-2, repeating the above steps
and rename it mut-psiCHECK-2-CTLA4-plasmids. The
293T cells were co-transfected with the mut-psi-
CHECK-2-CTLA4-plasmids, psiCHECK-2-CTLA4-
plasmids, and novel-mir-2-mimic, novel-mir-2-inhibitor
using Lipofectamine 2000 (Thermo Fisher Scientific,
USA). The mut-psiCHECK-2-CTLA4-plasmids sequen-
ces were shown in Table 2, the red sequence represents
the mutation sequence. At 24 h after transfection,



Figure 1. (a) Schematic outlines of the experimental approaches tested in geese; (b) Effects of PAMK on histology, ultramicroscopic morphol-
ogy of geese thymus treated with CTX. A. HE staining of the thymus (400£ ); B. Scanning electron microscopy (SEM; 3000£ ) of the thymus. C.
Transmission electron microscopy (TEM; 3000£ ) of the thymus. $ indicates cortical, ~ indicates medullary, the red arrow points to normal lym-
phocytes, the black arrow points to wrinkled lymphocytes, the yellow arrow points to apoptotic lymphocytes, the orange arrow points to connective
tissue, the blue arrow points to red blood cells.
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luciferase activity was assessed using the DualLuciferase
Reporter Assay System (Promega, USA). The activity
of Renilla luciferase was normalized to the activity of
firefly luciferase (Renilla LUC/firefly LUC).
Culture and Transfection of Thymus
Lymphocytes

The geese thymus were aseptically extracted and sep-
arated into single lymphocytes with lymphocyte separa-
tion solution (MPbio, USA). Lymphocytes were
adjusted to a density of 3£ 106 cells/mL, and cultured
in a 12-well plate (Corning Incorporated, USA). After 4
h of culture, transfection reagent NC mimic, NC inhib-
ior, novel-mir-2 mimic novel_mir2 inhibitor (RiboBio
Co., LTD, Guangzhou, China) (Table 3) was added,
and cells were collected 24 h later for relative mRNA
expression detection.
Statistical Analysis

The data were analysed using SPSS for Windows (ver-
sion 18, SPSS Inc, Chicago, IL, USA) and expressed as
the means § standard deviations (SD). All the qPCR
assays were repeated in triplicate, and the relative
expression levels were measured in terms of threshold
cycle (Ct) values and normalized via the formula
2�ΔΔCt. Differences between groups were compared
using one-way analysis of variance (ANOVA) followed
by Tukey's honestly significant difference test. P < 0.05
was considered statistically significant.



Table 1. Primer sequences for qPCR.

cDNA Primer sequences cDNA Primer sequences

IL4-F GGCATCTACCTCAACTTGCT CD86-F GGATTATGGATGAGGGACAGT
IL4-R CTCTTTCGCTACTCGTTGGA CD86-R CCCTGTGGGTAGCTGTGTTA
IL-6-F AGACTTCCATCCAGTTGCCT PIK3K-F GGACCTCTGTCTGCTACCAT
IL-6-R CATTTCCACGATTTCCCAGAG PIK3K-R TTCCTTCAGCCACTGGTTTA
IL10-F ATCATGACATGGACCCGGTA VAV2-F GAAGTGGATGGAGCAGTTTG
IL10-R ATTGCTCCATGACAGTTGCT VAV2-R GGAGGAATGATTTCCAAGCA
TGF-b-F CATCACAGAGACAGGAACCT JNK-1F ACAGGGGATAGTATGTGCAGC
TGF-b-R CTTTCACATCACCACTGGAA JNK-1R CCAGGGATTTTTGCGGTGTG
CTLA4-F CCCTAGCCGAAACAATGTG AP-1-F CTTCTACGCGTCGGACTGG
CTLA4-R GCTCCATCTTGCAGACATAA AP-1-R AGACGAAGGTGGAGGTGTAG
CD28-F TCCCCACAGTGCATTTAAC novel_mir2-F ACACTCCAGCTGGGTTAGTGC

GCAGTAAGCTAG
CD28-R CAAGCAGTTTGTACCACGTT novel_mir2-R CTCAACTGGTGTCGTGGA
CD25-F ATCTGGACACCCCTCAACAT b-actin-F GCACCCAGCACGATGAAAAT
CD25-R TGAACTGGATGCTGTAGGAA b-actin-R GACAATGGAGGGTCCGGATT
CTLA4-WT-F CCGCTCGAGAACAGGGAGAG

GGAGCCTGTTTCCTAGC
CTLA4-WT-R ATAAGAATGCGGCCGCATCGCA

AAGAATTAAAATGGTAGAGC
mutCTLA4F GCGTCCCCATCAGATGATATG

AAAGTTAACCTTGATGATAT
CTGAGCCAGT

mutCTLA4R GTTAACTTTCATATCATCTGAT
GGGGACGCAATGCCAGAGAA
AGGTGCTGA

U6-F CTCGCTTCGGCAGCACA U6-R AACGCTTCACGAATTTGC

Table 2. The sequence of mut-psiCHECK-CTLA4-plasmids.

CCTGGCGTGCTGAGACGAGCAGTAATTCTAGGCGATCGCTCGAGAACAGGGAGAGGGAGCCTGTTTCCTAGCTGGGATGG
AGAATCTGCTAACTGACTTAAGTCAAAGAAATAAAATTTATCTTATTACAAAGGTGTATGGGAAAGAGAGATAATATT
CCTTGTAACTTCTACGGTTTGGAGGAGAATAAATATAGTTTATGCATTAATATTTCAAGGTTAACCCTGTTACATAAAAA
TGGCTACATTAGGCCATTGATTCTTTGAGTTGTATTGTACCAATATGTAGTCTATATATATATGCATATATATATGTATAGCA
TTAAGTGCTATTGCTGTTGCAGCAGAACATCTTATTGTTAGATTGTGCCATATATACTGATCAACTGAGATCCAAACACTAT
TAAGACAGAAGCTCGTGTGTCATTGCAAGGCTAATCCTACAGGTCTGGGAGGCAGAGGCAGAGGAGCACACTAATGTACAA
AAGAATGTTGACTTGTTTCTGTGCAGTGCTATTTATTGGTTCCATTTCTTGCATTAGTGCTTCGCGCTTCAACAGAGGCATC
ACCATAGGCTGGCAGTGATGATACTGCTGCTCTAAAAGCCTGATCTCAGCACCTTTCTCTGGCATTGCGTCCCCATCAGATG
ATATGAAAGTTAACCTTGATGATATCTGAGCCAGTGCTTGGAGAGAAAAGCTGCCCAGCTGGAGACCTCTTAAGCTGTTGCT
GGGAAGATGTTCCAGCTCTGCTGGGGCCTCACATTTTAGAAATGCTAAATTAGCATCTATCCAAAAGGCAGAAGTATGTTGC
TGTGTTTAACTGAATCTATTTTCCATGAAAATACCAACAGTGTATAATCTTGTTTATTAGTTATGTACCATTCAATAAAAACC
TTGAAGCTTTGCCCAAATTAAAGTTCATTTCTTATTCACCATTCTCAGAAGCAACAGGAAGTGGCTACATGTTAGAAAGCAG
TGATGACAAGATGAACCTTTCCCCTCTGACCCTGTGTTTTGCCTTTCTGAGGAGCTTGGGTGCTCATGCCAACACTTACTTT
CTCATCCCTCCTCCTCAGGGGTCACCATTAAAATCTGCCAAGTCTTCTATTTGTTTAGTTAGAGCTGCTGTGATGTGGTTCG
CAGATGCTACCAGTCACCTTTACACTTCCAGCAAAGTTACTTGCTTGCAGAAGGTAACAGTAACGACTTTGGTAGCATCTCC
TGTATCTGTTTATACAAAAAGCTAGTTCTAGTTTCAAATCCTGTTTTCTTTGCACCTCCTTGACACTCTCACTCACTTAATGC
TACCTGACACACAAAGCTTTTAGAGCTTAAAACCATTTGAGAATTCTTAGCTCTACCATTTTAATTCTTTGCGATGCGGCCG
CTGGCCGCAATAAAATATCTTTATTTTCATTACATCTGTGTGTTGTTTTAATGG
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RESULTS

PAMK Alleviated CTX-induced Thymus
Damage

In HE staining (Figure 1b) A), CTX could make thy-
mocytes disorderly arranged, irregular morphology,
fewer thymocytes and unclear boundaries of cortical
medulla, while PAMK could alleviate this phenomenon.
Table 3. Information of novel_mir2.

miRNA id novel_mir2

Chromosome NW_013185761
Strand 2801038
Sequence(mature) UUAGUGCGCAGUAAGCUAGGGUGU
Sequence(star) CGCUAGCUGCUCUGCACUAACU
Start 1
End 2800980
Sequence(precursor) UUAGUGCGCAGUAAGCUAGGGUG

UGAAUUGACAGCACGCUAGCUG
CUCUGCACUAACU

Novel-mir-2-mimic UGUGGGAUCGAAUGACGCGUGAUU
Novel-mir-2-inhibitor AAUCACGCGUCAUUCGAUCCCACA
In SEM (Figure 1b) B), CTX could make lymphocytes
shrink and connective tissue increase, while PAMK
could restore cell morphology and reduce connective tis-
sue hyperplasia. In TEM(Figure 1b) C), CTX group
chromatin borders, nuclei disappear, and apoptotic
microsomes appear. PAMK could restore normal cell
morphology and significantly reduced the number of
apoptotic microsomes.
PAMK Alleviated the Decrease of Serum
Cytokines Induced by CTX

Blood was centrifuged to obtain the serum (Figure 2
A-D). The results showed that the levels of serum GM-
CSF, IL-1b, IL-3, IL-5 in CTX group were significantly
decreased when it compared with C group, which means
that CTX induced an immunosuppressive model suc-
cessfully constructed. Compared with the CTX group,
the level of GM-CSF, IL-1b, IL-5 was significantly
increased and IL-3 had increase trend in PAMK+CTX
group, which indicated that PAMK could alleviate the



Figure 2. Effects of PAMK on level of serum cytokines and relative mRNA expression of cytokines in geese thymus treated with CTX. Serum levels
of (A) GM-CSF (B) IL-1b (C) IL-3 (D) IL-5. Relative mRNA expression of (E) IL-4; (F) IL-6; (G) IL-10; (H) TGF-b; Data are expressed as the means
§ SD, n= 9 *P < 0.05, **P < 0.01, ***P < 0.001, compared with C group; #P < 0.05, ##P < 0.01, ###P < 0.001, compared with CTX group.
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decrease of cytokines induced by CTX. The levels of all
cytokines in PAMK group has no significant difference
when it compared with C group. All the results indicated
that PAMK could alleviate the decrease of serum cyto-
kines induced by CTX.
PAMK Alleviated the Disorder of Relative
mRNA Expression of Cytokines in Thymus
Induced by CTX

Total RNA was extracted from thymus to measure
the relative mRNA expression of cytokines (Figure 2 E-
H). The results showed that the relative mRNA
Figure 3. Effects of PAMK on the relative mRNA expression of CD25,
with CTX and dual luciferase reporter gene validation novel_mir2 targets
CTLA4. (D) CD28; (E) PI3K; (F) VAV2; (G)JNK; (H)AP-1. Data are exp
compared with C group; #P < 0.05, ##P < 0.01, ###P < 0.001, compared
wild-type and mutant plasmids. * P < 0.05, compared with mutCTLA4.
expression of IL-4 and IL-10 in CTX group was
increased significantly and the relative mRNA expres-
sion of IL-6 and TGF-b was significant decreased when
it compared with C group. However all the relative
mRNA expression of cytokines in the PAMK+CTX
group were significant difference compared with CTX
group, which means that PAMK alleviated the imbal-
ance relative mRNA expression of cytokines caused by
CTX, and made the relative mRNA expression back to
normal level. The relative mRNA expression of IL-4, IL-
6, IL-10 and TGF-b in PAMK group showed no differ-
ence compared with C group. Thus PAMK could allevi-
ate the disorder of relative mRNA expression of
cytokines in thymus induced by CTX.
novel_mir2, CTLA4 and CD28 signal pathway of geese thymus treated
CTLA4. Relative mRNA expression of (A) CD25; (B) novel_mir2; (C)
ressed as the means § SD, n = 9 *P < 0.05, **P < 0.01, ***P < 0.001,
with CTX group. (I) comparison of relative fluorescence values between



Figure 4. Effects of PAMK on the relative mRNA expression of CD25, novel_mir2, CTLA4 and CD28 signal pathway of lymphocytes in thy-
mus treated with different transfection reagents. Relative mRNA expression of (A) CD25; (B) novel_mir2; (C) CTLA4. (D) CD28; (E) PI3K; (F)
VAV2; (G)JNK; (H)AP-1. Data are expressed as the means § SD, n = 9 *P < 0.05, **P < 0.01, ***P < 0.001, compared with NC mimic group; #P
< 0.05, ##P < 0.01, ###P < 0.001, compared with novel_mir2 inhibitor group.
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PAMK Alleviated the Decrease of Relative
mRNA Expression of CD25, novel_mir2, and
CD28 Signal Pathway in Thymus Treated by
CTX

Total RNA was extracted from thymus to measure
the relative mRNA expression of CD25, novel_mir2,
CTLA4 and CD28 signal pathway (Figure 3 A-H). Com-
pared with C group, the relative mRNA expression of
CD25, novel_mir2, CD28, PI3K, VAV2, JNK, AP-1 in
CTX group were significantly decreased. As the target
gene of novel_mir2, the relative mRNA expression of
CTLA4 showed the reverse results. In CTX group, the
relative mRNA expression of CTLA4 was significantly
increased compared with C group. In PAMK+CTX
group, the level of CD25, novel_mir2, CD28, PI3K,
VAV2, JNK, AP-1 and CTLA4 showed significantly
increased and decreased respectively when it compared
with CTX group, which indicated that PAMK could
alleviate the decrease relative mRNA expression of
CD25, novel_mir2, CD28, PI3K, VAV2, JNK, AP-1
and the increase of CTLA4. The results also showed
that the relative mRNA expression of CD25, novel_-
mir2, CTLA4 and CD28 signal pathway in PAMK has
no significant difference compared with C group.
Dual Luciferase Reporter Gene Validation
novel_mir2 Targets CTLA4

When novel_mir2 was co-transfected with wild-type
CTLA4, the R/F value was significantly lower than the
blank group and NC group. It showed that novel_mir2
interacted with wild-type CTLA4. The double fluores-
cence detection results are shown in Figure 3 I. There is
no significant difference in the R/F values of novel_mir2
compared with the blank group and the NC group, indi-
cating that the predicted binding site mutations after
novel_mir2 cannot be combined with CTLA4 interac-
tion. The results indicated that novel_mir2 targets
CTLA4.
PAMK Alleviated the Decrease of Relative
mRNA Expression of CD25, novel_mir2, and
CD28 Signal Pathway of Lymphocytes in
Thymus induced by novel_mir2 Inhibitor

Total RNA was extracted from lymphocytes to mea-
sure the relative mRNA expression of CD25, novel_-
mir2, CTLA4 and CD28 signal pathway. From the
Figure 4 A-H, the results indicated that the relative
mRNA expression of CD25, novel_mir2 CTLA4, CD28,
PI3K, VAV2, JNK, AP-1 in NC mimic and NC inhibitor
has no significant difference. The relative mRNA expres-
sion of CD25, novel_mir2, CTLA4, CD28, PI3K,
VAV2, JNK, AP-1 in novel_mir2 mimic group and nov-
el_mir2 inhibitor group showed significant difference.
When compared with NC mimic group, the relative
mRNA expression of CD25, novel_mir2, CD28, PI3K,
VAV2, JNK, AP-1 showed significant decrease in nov-
el_mir2 inhibitor group but it showed significant
increase in PAMK+novel_mir2 inhibitor group when it
compared with novel_mir2 inhibitor group. However,
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the relative mRNA expression of CTLA4 showed the
opposite results. All the results indicated that PAMK
could alleviate the the reduced of relative mRNA expres-
sion of CD25, novel_mir2 CD28, PI3K, VAV2, JNK,
AP-1 and the increased of CTLA4 induced by novel_-
mir2 inhibitor.
DISCUSSION

Novel_mir2 is a newly discovered miRNA located on
chromosome NW_013185761. CTX is often used to gen-
erate immunosuppressive models to research the func-
tion of polysaccharide. From the results of HE, TEM
and SEM in our research, it indicated that CTX could
make the thymocytes sparse and irregular, and had
many apoptotic bodies, but PAMK could alleviate this
phenomenon. The cell morphology and tightness in
PAMK+CTX group showed no difference compared
with C group, which indicated that PAMK could main-
tain the morphology stable of thymocytes and have pro-
tect effect not toxic effect. These findings were
consistent with previous research(Fu et al., 2018;
Meng et al., 2019; Garrett-Thomson et al., 2020). These
results suggested that PAMK could alleviate the mor-
phological structure of immunosuppression geese thymo-
cytes induced by CTX at the macro level.

Cytokines play a very important role in infection,
inflammation, and cancer (Fu et al., 2018; Fan et al.,
2019; Guo et al., 2019; Meng et al., 2019). Increased level
of IL-3, IL-5, IL-1b, GM-CSF could help active the lym-
phocytes and promote lymphocytes proliferation
(Kumar et al., 2020). IL-3, IL-5, and GM-CSF are pro-
duced primarily by activated T cells, promote myeloid
cell proliferation and differentiation, and play a role in a
variety of human diseases, particularly cancer and
inflammation( Koh et al., 2010). In our research, we
indicated that PAMK could active the lymphocytes and
promote the serum cytokines level of IL-3, IL-5, GM-
CSF, IL-6, TGF-b, which could activate the prolifera-
tion and differentiation of bone marrow precursor cells,
promote the activation and proliferation of T, B cells,
improve the level of cellular and humoral immunity of
the body, and alleviate the lymphocytes immunosup-
pression caused by CTX. IL-4 and IL-10 are produced
by mast cells, basophils and mononuclear macrophages,
respectively, and can inhibit the activation and secretion
of IL-2, IFN-g by T cells(Silva et al., 2020). The results
in our research found that the relative mRNA expression
level of IL-4 and IL-10 in PAMK+CTX group was sig-
nificant decrease when compared with CTX group,
which indicated that PAMK could alleviate the imbal-
ance of cytokines caused by CTX and maintain the bal-
ance of cytokines secretion levels. Similar to our
research, Zhu and Zhou found that Codonopsis pilosu-
laA Polysaccharide and Lycium barbarum polysaccha-
ride could increase the serum secretion level of TGF-b,
IL-6, TNF-a, sIgA, enhance intestinal flora, increase
CD4/CD8 T lymphocytes ratio to enhance the body
immunity level(Zou et al., 2019; Zhu et al., 2020) Ying
and zhou indicated that polysaccharide could alleviate
the immunosuppression induced by CTX through
increase the serum secretion level of IL-2, IL-3, IL-6,
TGF-b(Wang et al., 2018; Ying et al., 2020). Taken
together, these findings confirm that PAMK can allevi-
ate the imbalance level of cytokines induced by CTX.
T lymphocytes are the important immune cells, which

take part in cellular immunity. The early hallmark for T
cell activation is CD25(Files et al., 2020) In our research,
we found that the relative mRNA expression of CD25 in
PAMK+CTX group significant increase compared with
CTX group, which indicated that PAMK could active T
lymphocytes. Our research found that the relative
expression of novel_mir2 and CTLA4 showed the oppo-
site trend in thymus. The double luciferase reporter gene
showed that the novel_mir2 target CTLA4. Some
researchers indicated that activation of CD28 can acti-
vate downstream PI3K and PI3K products regulate the
activity of VAV2, which activates the JNK/SAPK
pathway through RAC1. When JNK/SAPK is acti-
vated, it active AP-1(Samstag et al., 2020). In our
research, we suggested that the relative mRNA expres-
sion of CD28, PI3K, VAV2, JNK and AP-1 showed sig-
nificant up regulated in PAMK+CTX group when
compared with CTX group, which was very important
for exploring the molecular mechanisms of PAMK.
Thus, we indicated that PAMK could activate T lym-
phocytes by CD28/PI3K/VAV2/JNK/AP-1 signal
pathway. To confirm our conclusion, we validated them
at the cellular level. From the results in the cellular expe-
rience, we found that NC mimic and NC inhibitor
showed no significant difference, which means the trans-
fection reagent had no effect on the experiment. We also
found that PAMK+NC mimic group and PAMK+NC
inhibitor group showed no significant difference when
compared with NC mimic and NC inhibitor, which indi-
cated that PAMK does not have a significant effect on
relative mRNA expression of CD25, novel_mir2 and
CD28 signal pathway and can maintain the body at nor-
mal immune levels. However, the relative mRNA expres-
sion level of CD28 signal pathway significant increase in
PAMK+novel_mir2 inhibitor group when compared
with novel_mir2 inhibitor group, which suggests that
PAMK can increase the relative mRNA expression of
novel_mir2, which in turn targets CTLA4, promote
CD28 activation and activates the CD28 signaling path-
way. Some research indicated that miR-181a, miR-21,
miR-34c-5p could involve in T cell activation and regula-
tion of downstream TCR pathway(Li et al., 2007;
Loffler et al., 2007). In addition to cell activation,
miRNA could regulate the activity of lymphocytes by
AP-1 and TLR4/NF-kB signal pathway (Liu et al.,
2014; Li et al., 2017). However, whether miRNA is
involved in the regulation of PAMK to cellular immu-
nity has not been reported. In our research, we suggest
that novel_mir2 participate the regulation of PAMK
and play an important role in the activation of CD28 sig-
nal pathway.
In conclusion, PAMK could activate T lymphocytes in

thymus through novel_mir2/CTLA4/CD28 signal
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pathway, maintain the balance of cytokines production
in the body, promote T lymphocytes activation and pro-
liferation, restore the thymus cells morphology to allevi-
ate the immune suppression caused by CTX thereby
restore the organism back to the normal immunity level.
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