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Gypenosides ameliorate morphine-induced ™®
immunosuppression with an increased
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proportion of thymic T lymphocyte subsets
and are involved in the regulation of the
cAMP-CREM/CREB-IL-2 pathway

Opioid abuse can suppress the lymphatic system function,
and produce severe immunosuppression that poses a sig-
nificant risk of opportunistic infections such as methicillin-
resistant Staphylococcus aureus (MRSA) pneumonia.’?
Gypenosides (Gps) are the most important immunomodu-
lator components in the Chinese herbal medicine Gynos-
temma pentaphyllum.® However, the immunomodulatory
mechanism and effect of Gps on morphine-induced immu-
nosuppression are still unknown. We aimed to investigate
the pharmacological effects of Gps in morphine-induced
immunosuppressive mice and the underlying mechanism
involved.

To investigate whether Gps could reduce the incidence
of MRSA pneumonia in morphine-induced immunosup-
pression, the mice exposed to morphine for six days were
treated with Gps (120 mg/kg) and then were infected
with MRSA intranasally (Fig. 1A). The six-day morphine
exposure could cause weight loss of the mice (Fig. 1B-i);
however, the effect could be reversed by Gps treatment
(Fig. 1B-ii). Especially, Gps treatment prevented exces-
sive weight loss after three days of MRSA infection
(Fig. 1B-iii). In addition, the model group mice had a
considerably higher body temperature during the infec-
tion period, which did not present in the Gps-treated
mice (Fig. 1C). To verify whether Gps treatment could
ameliorate the immune function in MRSA pneumonia
mice, we examined the immune organ index. The data
showed that the thymus index of the other three groups
decreased compared with the blank group, which in-
dicates that the thymus gland of the mice had shrunk to
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some extent, but the shrinkage of the Gps-treated mice
was less than that of the model group mice (Fig. 1D-i, ii).
Likewise, the Gps group mice also showed a significant
improvement in lung coefficients compared with model
group mice, which reflected the degree of pulmonary
edema (Fig. 1D-iii). In addition to immune organ indexes
and lung coefficient, the levels of leukocytes, lympho-
cytes, and neutrophils can also reflect the inflammation
degree in the organism, which are considered direct in-
dicators of inflammatory infection. In this study, the
whole blood cell analysis showed a significant increase in
white blood cells and neutrophils and a significant
decrease in lymphocytes in the peripheral blood of the
model group mice, but the expression levels of the three
in the Gps group mice were consistent with those in the
control and blank groups (Fig. 1E). Then, we used micro-
CT and hematoxylin-eosin (H&E) staining to further
evaluate the lung inflammation status. The results
showed that abnormal density shadow areas (Fig. 1G) and
obvious histopathological changes such as blurred and
incomplete structures and a large number of inflamma-
tory cells infiltrating the tubular lumen (Fig. 1H) were
observed in the lungs of the model group mice, while the
lung pathology of the Gps group mice was similar to that
of the control mice. We collected mouse bronchoalveolar
lavage fluid and figure out the protein expression levels of
albumin and proinflammatory factors by ELISA. Compared
with the control group, the expression of IL-6, IL-1B, TNF-
o, and albumin significantly increased in the model group
mice, while the Gps treatment significantly inhibited
these increases (Fig. 1H). We also examined the tran-
scription levels of relevant pro-inflammatory factors in
mouse lung homogenates with gPCR. Compared with the
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Figure 1  Gypenosides (Gps) are involved in regulating the proportion of thymic T lymphocyte subsets via the cAMP-CREM/CREB-

IL-2 pathway in morphine-induced immunosuppression. (A) Schematic diagram of the infection process of MRSA after Gps treat-

ment of morphine immunosuppression. Mice were randomly divided into four groups (10—12 mice in each group):

)

saline + saline + PBS group (Blank); (ll) saline + saline + MRSA group (Control); (lll) morphine + saline + MRSA group (Model); (IV)
morphine + Gps + MRSA group (Gps). The mice’s weight changed (B-i) during the morphine immunosuppression modeling, (B-ii)
during the Gps treatment, and (B-iii) after infection with MRSA. (C) The mice’s body temperature changed after infection with

MRSA (n =

10—12). (D-i) Spleen index, (D-ii) thymus index, and (D-iii) lung coefficients of mice after MRSA infection. The numbers

of (E-i) white blood cells (WBC), (E-ii) lymphocytes, and (E-iii) neutrophils in the peripheral blood of mice after MRSA infection. (F)
Representative H&E staining of lung tissues. Original magnification: x 200. (G) Schematic diagram of micro-CT scan of the lungs of
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control group, the expression of IL-6, IL-13, and TNF-a
dramatically elevated in the model group mice, but the
expression was significantly suppressed in the Gps-
treated mice (Fig. 1lI). After Gps treatment, the lung
bacterial load of the mice was significantly reduced
compared with the model group mice (Fig. 1J).

To figure out whether this effect was achieved by
improving mouse immune function, we conducted further
studies and screened the Gps dose by the administration
at a low dose of 60 mg/kg (MOR + Gps-LD) and a high dose
of 180 mg/kg (MOR + Gps-HD) to investigate its optimal
dose (Fig. 1K). During the morphine treatment, the mouse
body weight of the other four groups decreased signifi-
cantly compared with the SAL + SAL group (Fig. 1L-i).
After Gps treatment, the MOR + Gps-MD group mice and
the MOR + Gps-LD group mice had rapid weight gain
(Fig. 1L-ii), which was significantly different from the
model group. The organ index results showed that the
spleen and thymus indexes were decreased in the
MOR + SAL group compared with the SAL + SAL group, but
a medium dose of Gps (120 mg/kg; MOR + Gps-MD)
treatment restored the decreased thymus index (Fig. 1M).
Considering that the thymus is mainly composed of T
lymphocytes, we detected T lymphocytes and their sub-
sets in the thymus. The results of flow cytometry showed
that the CD3" T lymphocytes, CD3* CD4" CD8 T lympho-
cyte subsets, and CD3" CD8" CD4~ T lymphocyte subsets
were significantly decreased in the thymus of MOR + SAL
group mice, whereas thymus T lymphocytes and their
subsets were increased after a low-dose Gps treatment
(Fig. 1N). Moreover, the results of H&E staining of the
thymus showed that the medullary part of the thymus, the
lymphocyte production, was significantly reduced in the
MOR + SAL group compared with the control group. The
medullary fraction of the MOR + Gps-MD group was similar
to that of the control group (Fig. 10).

Morphine can activate p-opioid receptors and increase
the expression of the second messenger cAMP, which pro-
motes the expression of cAMP-responsive element modu-
lator (CREM) and inhibits the phosphorylation level of cAMP
response element binding protein (CREB). CREB binds to the
IL-2 promoter to activate IL-2, while CREM competes with

CREB for the binding site of the IL-2 promoter to inhibit IL-2
transcription.” IL-2 is closely related to the growth, prolif-
eration, and differentiation of thymic T lymphocytes.’ The
ELISA results showed that Gps could significantly reduce the
morphine-induced cAMP increase (Fig. 1Q-i). Meanwhile,
the IL-2 level in the thymus region was also evaluated.
These results presented that IL-2 protein and mRNA levels
were significantly lower in the MOR + SAL group than in the
SAL + SAL group, while the levels were much higher after
Gps treatment (Fig. 1Q-ii, iii). We also measured the pro-
tein levels of the thymic cAMP family transcription factors
CREM and CREB. The data showed that six-day morphine
exposure decreased the phosphorylation level of CREB and
increased CREM expression compared with the control
group. Notably, Gps significantly decreased CREM expres-
sion and significantly increased the phosphorylation level of
CREB (Fig. 1P-i, ii). The results of transcription factor
expression were consistent with the translation level
(Fig. 1P-ii).

In conclusion, our study showed that Gps could increase
the proportion of thymic T lymphocytes and their subsets to
reduce the risk of MRSA pneumonia after morphine-induced
immunosuppression, which mainly affects the cAMP-CREM/
CREB-IL-2 pathway. These findings are important for iden-
tifying new therapeutic strategies and developing more
effective drugs to improve immunosuppression caused by
chronic opioid treatment and reduce susceptibility to
opportunistic diseases.
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mice after MRSA infection. Protein expression levels of (H-i) IL-6, (H-ii) IL-1B, (H-iii) TNF-o, and (H-iv) albumin in the bron-
choalveolar lavage fluid (BALF) of mice after MRSA infection. The data were presented as mean + SEM; one-way ANOVA was applied
to test for group differences (n = 4). (I) Protein expression levels of IL-6, IL-1B, TNF-a, and albumin in the BALF of mice after MRSA
infection (n = 4). (J) Bacterial burden in the lung. (K) Schematic diagram of the experimental flow of Gps treatment for morphine
immunosuppression. The mice’s weight changed (L-i) during the morphine exposure and (L-ii) during the Gps treatment (n = 6).
(M-i) Spleen index and (M-ii) thymus index of mice treated with Gps after morphine immunosuppression (n = 5). (N-i) Schematic
diagram of flow cytometric analysis of the proportion of thymic T lymphocytes and their subsets in mice. (N-ii) Statistical analysis
of the percentage of thymus T lymphocytes. (N-iii) Statistical analysis of the percentage of CD3* CD4" CD8 T lymphocytes in the
thymus of mice (*P < 0.01 vs. SAL + SAL group, **P < 0.01 vs. MOR + SAL group). (N-iv) Statistical analysis of the percentage of
CD3* CD8" CD4" T lymphocytes in the thymus of mice (n = 5). (O) Thymus sections stained with H&E and representative images
(20x magnification) are shown (n = 4). (P-i) The representative immunoblots. (P-ii) Relative expression levels of p-CREB to CREB
and CREM to B-tubulin in the thymus (n = 3). Relative expression levels of CREB and CREM mRNA in the thymus (n = 6). (Q-i) CAMP
levels in the thymus. (Q-ii) Protein and (Q-iii) mMRNA expression levels of IL-2 in the thymus (n = 5). (R) The mechanisms by which
Gps ameliorates morphine-induced immunosuppression. All data were presented as mean + SEM; one-way ANOVA was applied to
test for group differences, except where specifically mentioned. Pound keys represent statistical difference from control or
SAL + SAL group and asterisks represent statistical difference from model or MOR + SAL group (P < 0.0001, *#p < 0.001,
#p < 0.01, *P < 0.05; ***P < 0.0001, ***P < 0.001, **P < 0.01, *P < 0.05).
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