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Abstract

BACKGROUND

As we known, immune dysfunction was the crucial cause the pathogenesis of
inflammatory bowel disease (IBD), which is mainly related to lymphocytes (T or B
cells), mast ceﬁ, activated neutrophils, and macrophages, including memory B cells. As
the precursor of B cells, the activation of memory B cells can trigger and differentiate B

cells to produce a giant variety of inducible B cells and tolerant B cells, whose

dysfunction can easily lead to autoimmune diseases, inclusive of IBD.

AIM
To investigate whether or not curcumin (Cur) can alleviate experimental colitis by

regulating memory B cells and the Bcl-6-Syk-BLNK signal.

METHODS

Colitis was jnduced in mice by drinking DSS solution fﬁly. Colitis mice were given
Cur orally (100 mg/kg/d) for 14 consecutive days. The colonic weight, colonic length,
intestinal weight index, occult blood scors histological scores of mice were
examined to evaluate the curatiye effect. The levels of memory B cells in peripheral
blood of mice were measured by flow cytometry, and IL—]&IL—G, IL-10, IL-7A and TNF-
a expression in colonic tissue homogenates were analyzed by enzyme-linked
immunosorbent assay. Western blot was used to measure the expression of Bcl-6,

BLNK, Syk and other signaling pathway related proteins.

RESULTS

After Cur treatment for 14 d, the body weight, the colonic weight, the colonic length,
the colonic weight index, the colonic pathological injury of mice with colitis were
ameliorated. The secretion of IL-103, IL-6, TNF-a, and IL-7A were statistically decreased,

while the IL-35 and IL-10 levels were considerably increased. Activation of memory B

cell subsets in colitis mice was confirmed by remarkable reduction in the expressions of
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IgM*, IgG*, IgA*, FCRL5*, CD103*, FasL‘;BPD-l“', CD38*, and CXCR3* on the surface

of CD19* CD27+* B cells, while the number of CD19* CD27+IL-10* and CD19+ CD27+ Tim-
3* B cells increased significantly. In addition, Cur significantly inhibited the protein
levels of Syk, p-Syk, Bcl-6, and CIN85, and increased BLNK and p-BLNK expressions in

colitis mice.

CONCLUSION
Cur could effectively alleviate DSS-induced colitis in mice by regulating memory B cells

and the Bcl-6-Syk-BLNK signaling pathway.
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Core Tip: As the precursor of B cells, the activation of memory B cells can trigger the
activation of B cells, thus producing numerous inducible B cells and tolerant B cells,
whose dysfunction can easily result in inflammatory bowel disease (IBD). Also, the
disorder of humoral immune function mediated by memory B cells has a critical
position in the pathogenesis of IBD. As an immune suppressant, curcumin (Cur) has a
therapeutic role in treating many immune diseases, such as IBD and rheumatoid
arthritis. Meanwhile, it has proven properly efficacy in experimental colitis mice and
patients with ulcerative colitis (UC), while the disturbances in memory B cells have
been observed in IBD. However, few studies have explored whether Cur treatment of
colitis is closely related to memory B cells. In the present research, our results had
indicated that Cur effectively alleviated DSS-induced UC in mice by a potential
mechanism involving memory B cells and the Bcl-6-Syk-BLNK signaling pathway.
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EITRODUCTION

Curcuma longa L, also named as turmeric, is a perennial herb pertaining to the genus
Curcuma in the Zingiberaceae of the Scitamineae, native to China, Indonesia, and India.
According to existing literature, it can promote Qi, break blood stasis, facilitate
menstruation and relieve painl'l. The bioactive natural polyphenolaextracted from the
rhizome of Zingiberaceae are called Curcumin (Cur) [1,7-bis(4-hydroxy-3-
methoxyphenyl)- 1,6-heptadiene-3,5-dione]. They are also known as diferuloylmethane,
and their molecular formula C;HOs accounts for 75% to 80% of curcumin
compoundsl! (a structure is shown in Figure 1A)Bl According to recent carefully
designed clinical studies, as an excellent safety profile, Cur has the potential effect on
prevention and/or management of various diseases including inﬂammatﬁy bowel
disease, dysentery, chronic enteritis, gastrointestinal syndrome and so on, due to its
anti-oxidant, anti-apoptotic, and anti-inflammatory propertiesi!l. In addition, many
preclinical studies had indicated that Cur has perfect anti-cancer properties to inhibit
carcinogenesis and various cancer cellular proliferationl5], including prostate, oral
epithelial leukemia, hepatic, breast, and colon cancers in human and animal, which
probable mechanism were closely relation with modulating the activation of a variety of
cellular signals as apoptosis, angiogenesis and so onlél.

As a chronic nonspecific inflammatory state, inflammatory bowel disease (IBD),
classified as ulcerative colitis (UC) and Crohn’s disease (CD), which main characters are
the recurrent §dominal pain, diarrhea, anemia, bleeding, and weight loss. However,
the pathogenesis of IBD still keeps unclear, and is closely associated with heredity,
environment, infection, immunity and so onl’. Among these, immune system
dysfunction has been regard as is the main cause of IBD, which iggmainly involving
abnormal lymphocytes (including T and B cells), macrophageSénast cells, and activated
neutrophils, including memory B cellsi8l. As a precursor to B cells, the activation of

emory B cells can trigger the activation of B cells, thus producing numerous inducible
B cells and tolerant B cells, whose dysfunction predisposes to aﬁtoimmune diseases,

including IBDI°l. Pararasa et all'?l reported a decrease in CD271gD- memory B cells in the
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blood of patients with IBD, but a concomitant increase in CD27-IgD- memory B cells in

gut-associated lymphoid tissue, which suggests that the disorder of humoral immune
function mediated by memory B cells has a very important role in the pathogenesis of
IBD.

Many previous researches had demonstrated that Cur was used to effectively treat
UC inpatients and animals. An endoscopic study revealed that NCB-02 enema
(containing 140 mg Cur) used once per day for 8 wk could ameliorate the disease
symptoms in patients with UCI In an animal_study, Cur administration effectively
alleviated the colonic mucosal inflammation, restored colonic length, and reduced
colonic weight and colonic damagel!?l. Potential mechanisms of Cur treated UC is
including m facts as regulating immune function (such as regulating the function
and level of T cells, regulatory T cells, memory T cells, macrophages, and dendritic
cells), inhibiting the secretion of IL-2, IL-6, IL-12, IL-17 and TNF-al'?, downregulating
the expression of costimulatory molecules!!3, inhibiting the chemotaxis of chemokines
and neutrophils, inducing antioxidant effectl4], etc. Cur may induce apoptosis in
colorectal cancer (CRC) as it induces reactive oxygen species (ROS) production,
supressing nuclear factor kappa-light-chain-enhancer of activated B cells (NF-xB)
signaling activation and cyclooxygenase-2 (COX-2) level, activating caspase 3 and c-Jun
N-termin&ki.nases (JNK), and releasing cytochrome C. It is kn that Cur can
promote activation of caspase 3, caspase 8, caspase 9, Bax, and poly (ADP-ribose)
polymerase (PARP) to induce apoptosis in HCT-116 colon cancer cell®®l. Furthermore, it
also exerts its effect on other autoimmune diseases by effectively regulating memory B
cellg_In their study, Elham and colleagues!'®l found that Cur achieved effective results
for autoimmune diseases as RA and systemic lupus erythematosus (SLE) by targeting B
lymphocyte stiml.ﬁting factor (BLYS), which is an important cytokine for memory B
cell proliferation. However, it is unclear whether Cur can treat IBD by regulating the
subsets or functions of memory B cells. Therefore, in this research, the DSS-induced
colitis was a classic animal model replicated the human UC, which was frequently-used

to evaluate and explore the mechanism and therapeutic effect of new drug treated IBD.
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Flow cytometry and other experiments were analyzed to explore the possible
mechanisms and the changes in memory B cell subsets after Cur treatment.
MATERIALS AND METHODS

Mice

BALB/c male mice, 8-9 wk of age and weighing 20-22 g, were purchased from the

Hunan Silaike Jingda Experimental Animal Co. Ltd. (Changsha ina) (Animal
Certificate Number SCXK 2016-0002). Mice were bred with standard food and water
libitum, and lived under specific pathogen-free (SPF) conditions at the temperature of 23
°C £ 2 °C, relative humidity 55% + 10% with alternating light/&rkness for 12 h. They
were acclimatized for 3 d prior to the start of the experiment. All animal experiments
were conducted and performed in line with the regulations and guidelines of the
Jiangxi University of Chinese Medicine Animal Care and Use Committee and the
AAALAC and the IA%IC (permit number: JZLLSC2021-196).

All experimental mice were randomly divided into the following four groups:
Control group (Control), which mice were fed with normal fodder and without DSS
and drug treatment; Control + Cur group (Ctrl + Cur), which normal mice were given
with Cur treatment; DSS group (DSS), which mice with DSS-induced colitis were
administrated with Cur; DSS + Cur group (DSS + Cur), which mice with DSS-induced
colitis were treated with Cur treatment.

DSS-induced experimental colitis

As previously described, mice with colitis were freely drank a 3% (w/v) solution of DSS
(Batch No. 160110)for 7 d (Figure 1C); and then with sterile drinking water for 7 d and
finally with 2% (w/v) DSS for 7 d. Meanwhile, mice_in the control group were
synchronously given tap water. Cur was provided by Chengdud’urifa Technology
Development Co., LTD (Chengdu, China) (Batch No. PRF10052344, purity > 98%, High-
Performance Liquid omatography), as shown in Figure 1B. In order to better

dissolve the drug, Cur was dissolved in 1.5% sodium carboxymethylcellulose (CMC).
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According to our previous study!'7], the mice in the DSS + Cur group and Control + Cur
group were administrated with Cur (100 mg/kg/d) by gavage for 14 consecutive d,
while mice in the Control and DSS groups were administrated with an equal volume of
saline starting from day 8. The mice were weighed daily to evaluate body weight
changes and monitored their fecal character, stool bleeding and live state at the same

timel?8l,

Histological evaluation

After last administration, the mice were fasted for 12 h. All mice were weighed
before anesthesia with sodium pentobarbital (20 mg/kg i.p.), after enthanasia, the whole
colons were rapidly separated on the ice box, and measured its lengths, and then
weighted to calculate the colon weight index (CWI), CWI = [colon weight/body weight]
x 100%, and the colon len%index (CLI), CLI = (colon weight/colon length) x 100%.
The distal colon tissue was fixed in 4% paraforaldehyde for 72 h. After embedding in
paraffin to cut 4 pm thick sections, dehydrated by an ethanol gradient, and stained with
hematoxylin-eosin (H&E) for histopathological analysis. Finally, the slices were sealed
with neutral gum. And then the COIO]H pathlogical changes were observed and double-
blind scored by two pathologists under a microscope (Leica, Wetzlar, Germany,
Product model: DM2500). According to the_previous standards as a composite score,
which were computed and totalized with inflammatory cell infiltration (scores 0-3),
mucosal damage (scores 0-3), crypt damage (scores 0-4), and regeneration (scores 0-

4)['[9]_

Flow cytometry

In order to isolate peripheral lymphocytes, 500 pL of petipheral blood from each mouse
was collected and treated with with TmL lysing buffer (BD Biosciences, Franklin Lakes,
NJ, United States) and incubated for 15 _min in the darkness to remove red blood cells.
These cell suspension was combined with an Fcy receptor-blocking mAb (CD16/32;
BioLegend, San Diego, CA, United States) for 15 min at 4 °C. Later on, the cells were

7/22




detected for surface antigens, hielded from light and labeled with BV510 rat anti-
mouse CD19 (Lot No: BD562956), AF488 rat anti-mouse CD27 (Lot No: BD124222), PE-
A rat anti-mouse IgM (Lot No: BD553409) antibodies, BV421 rat anti-mouse IgG (Lot
No: BD742475), APC rat anti-mouse IL-10 (Lot No: BD505010), BV421 rat anti-mouse
IgA (Lot No: BD743293), APC rat anti-mouse FCRL5 (Lot No: BD340305), PE-A rat anti-
mouse CD103 (Lot No: BD562772) BV421 rat anti-mouse FasL (Lot No: BD740054), APC
rat anti-mouse PD-1 (Lot No: BD562671), BV421 rat anti-mouse CéCRB (Lot No:
BD126529), and PE-A rat anti-mouse Tim-3 (Lot No: BD119704), which were purchased
from BD Bioscienge (San Jose, CA, United States). Finally, the single-cell suspensions
were analyzed by a FACS Canto II flow cytometer (BD Biosciences, Franklin Lakes, NJ,
United States). Gates were set for the quadrant markers based on negative populations
and isotype controls. FlowJo VX software (TreeStar, San Carlos, CA, United States) were
used to analyze all data to differentiate memory B cell subgroup.
Enzymme-Linked Immunosorbent Assay (ELISA)

One hundred mg of colon tissue from mouse was homogenized by adding 00 pL
RIPA (Radio Immunoprecipitation Assay) lysis_buffer (Cell Signaling Technology,
Danvers, M%United States). The samples were incubated at 4 °C for 1 h, cultured by
ultrasound, centrifuged at 13000 rpm for 10 min, gnd the supernatant was taken to
obtain colonic tissue homogenate. The total protein was quantified with a total protein
detection kit (Aidlab Biotecl-uﬁlogies Co., Ltd., Beijing, China, Lot No: PP0102) in
colonic tissue homogenate. According to the manufacturer’s instructions, these
comercial ELISA kits (Thermo Fisher Scientific, Waltham, MA, United States) were
performed to detect the secretion of IL-1p (Lot No: BMS6002TEN), IL-6 (Lot No:
BMS603-2), IL-10 (Lot No: 88-7105-88), IL-35 (Lot No: BMS616), IL-17A (Lot No:
BMS6001), and TNF-a (Lot No: BMS607-3).

Western blot
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Colon tissue homogenate and its protein determination were prepared and measured
according to the above methods. First, an equal weight of colonic_mucosa protein was
isolated from each sample by polyacrylamid gel electrophoresis and transferred onto
PVDF membranes, which were blocked with 3% bovine serum albumin (BSA) solution
for 1 h at room temperature and then incubated with the following primary antibody

rnight at 4 °C, including BLNK (Abcam, ab32418, 1:500), p-BLNK (Abcam, ab174837,
1:1000), Syk (Abcam, a 81, 1:1000), p-Syk (Abcam, ab300410, 1:1000), CINS85 (1:1000),
Bcl-6 (Abcam, ab19011, 1:1000) and anti PDH (Abcam, ab181602, 1:1000) antibodies.
Next, the corresponding %P-ﬂoupled secondary antibody (Abcam, ab205718, 1:5000)
was added, the reaction was carried out for 2 h at room temperature, and the ECL
hypersensitive solution (Thermo, Rgckford, IL, United States) was used to expose their
protein blotting. Photographs were taken by wusing the Highly Sensitive
Chemilumiﬁcence Imaging system (UVP ChemStudio 515; Analytik Jena, Jena,
Germany). Image-Pro Plus 6.0 software (Media Cybernetic, Bethesda, MD, United
States) was used to quantify the images, and the grayvalue of the gel band and the

absorbance ratio of the internal reference GAPDH were used for statistical analysis.

Statistical analysis

GraphPad Prism 7.0 software (San Diego, CA,énited States) was used to analyze the

difference between groups by performing independent sample-T-TEST, one-way
lysis of variance, least-significant difference test, and multiple comparisons Turkey

test. All data were presented as mean *+ SE. P < 0.05 was considered be statistically

significant.

RESULTS

Cur alleviates DSS-induced colitis

Many references and experiments have shown that mice with DSS-induced colitis may
present diarrhea, abdominal pain, bloody stool, weight loss, shortened colon length,

increased colon weight, and other symptoms/20l. Under the microscope, altered colonic
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gland structure, a decrease in goblet cells, massive infiltration of inflammatory cells in
mucosa and submucosa_and obvious erosive ulcer in the model group can be
obseryed!?!l. In our pilot study, DSS-induced colitis mice exhibited significant weight
loss from day 4 to day 21 of the experiment (Figure 2A), and the changes in body
weight (Figure 2B) were significantly lower in contrast with the Control group. From
day 1 to 22, the occult blood (OB) test score (Figure 2C) gradually started to be different
from Hat of the Control group, while disease activity index (DAI) scores (Figure 2D),
which were significantly higher than that of the Control group, were similar to OB
scores. In addition, the colonic weight (Figure 2G), index of colon length (Figure 2I),
index of colonic weight (Figure 2J), spleen weight (Figure 2K), and the spleen weight
index (Figure 2L) of mice in the DSS group statistically increased, whereas colonic
length (Figure 2E and F) decreased significantly. Meanwhile, the histopathological
analysis (Figure 2M) showed that the colonic mucosa of mice was intact in the control
group, with no obvious ulceration and inflammatory cell infiltration, neat arrangement
of cup-shaped cells, and no congestion and edema. While the Colitis mice showed
exudation of colonic mucosal epithelium, changes in crypt structure, disordered
arrangement, local ulcer formation, hyperemia and edema in colon mucosa, infiltration
of inflammatory cells in lamina propria and submucosa, and the pathological injury
scores were significantly upregulated (Figure 2N), which was consistent with our
previous study. The above phenomenon indicated that the chronic colitis model been
successfully constructed.

After Cur gavage administration treatment, gniﬁcant changes in body weight
(Figure 2A), weight change rate (Figure 2B), OB scores (Figure 2C), and DAI scores
(Figure 2D) were effective reversed in colitis mice. Also, colon weight (Figure 2G), colon
mass per unit length (Figure 2J), index of colonic weight (Figure 2I), spleen weight
(Figure 2K), and spleen weight jndex (Figure 2L) were significantly decreased, when
they were compared with those in the DSS group. While colonic length (Figure 2E and
F) was obvjgusly higher in the DSS + Cur group than in the DSS group. Meanwhile,

ulceration and inflammatory infiltration in the colitis mice treated with Cur were
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distinctly improved (Figure 2M), and the pathological injury scores (Figure 2N) were

observably decreased, when they were contrasted to colitis mice without treatment.
Moreover, the above data were not evidently di&erent between the Control and Control
+ Cur groups. Therefore, this data suggests that Cur can effectively alleviate DSS-

induced colonic injury.

Cur regulates inflammatory cytokines expression
UC is a kind of IBD characterized by rising levels of pro-inflammatory factors and
declining levels of anti-inflammatory factors(22l. Also, discruption the balance between
pro-inflammatory and anti-inflammatory factors is one of the important characteristics
of IBDIZI,

In our experiment, we found that the leyels of IL-6 (Figure 3C), IL-17A (Figure 3D),
IL-1p (Figure 3E), and TNF-a (Figure 3F) were remarkably increased in the DSS group

mpared to the Control group, while the IL-10 (Figure 3A) and IL-35 levels (Figure 3B)
in the DSS group were dramatically decreased, suggesting that the imbalance of pro-
inflammatory and anti-inflammatory factors was one of the importgnt characters in
DSS-induced colitis. More importantly, the IL-6 (Figure 3C), IL-17A (Figure 3D), IL-1p
(Figure 3E), and TNF-a (Figure 3F) expressions were significantly downregulated,
while IL-10 (Figure 3A) and IL-35 (Figure 3B) were observably upregulated in colitis
mice after Cur administration treatment. Altogether, Cur could effectively decrease IL-
1B, IL-6, IL-17A_and TNF-a production and increase IL-10 level, thus to reestablishing
the equilibrium between anti-inflammatory and pro-inflammatory factors in colitis.
Cur regulates memory B cell subsets
In the humoral immune response, there are two layers emory cells, namely long-
lived B memory cells and B effector_cells (plasma cells). The production of these long-
lived cells depends on the antigenic activation of B cells in the presence of T helper cells
to induce germinal centers(24l. When the body comes in second contact with an antigen,

memory B cells are quickly activated, differentiate into new tolerant or inducible
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plasma cells, secrete high-quality antibodies, and produce more efficient, faster, and
more specific humoral immunityl?l. The tolerant type generally expresses factors such as
IL-10 and TIM-3, while the induced type usually expresses molecules such as IgG, IgM,
IgA, PD-1, CD38, CXCR3, FCRL5, CD103, and FasL, thus having opposite roles in the
process of disease development(?5l. Theirbalance determines the development, genesis,

and development of memory B cells, while their dysfunction is one of the pathogenesis
of IBD.

Recent studies have revealed that CD27 is expressed at higher levels in pemory B
cells than in plasma blasts and can be used as a biolggical biomarker of memory B
cells.the CD19-positive cells were selected as the gate of B cells. Memory B cells (CD19*
CD27%) could be marked and separated according to the expression of 5027 and CD19,
which could then be divided into many subgroups in accordance with the expression of
different cytokinﬁ on the surface of memory B cells2.27],

In this study, compared with mice in the Control group, the level of CD19+ CD27+
memory B cells in peripheral blood of colitis mice was significantly decreased (Figure
4A-D), the percentages of CD19" CD27* IgM* (Figure 5A and B), CD19* CD27* IgG*
(Figure 5C and D), CD19 + CD27* IgA* (Figure 5E and F) cells were obviously increased,
and the percentages of CD19* CD27* FCRL5* (Figure 6A and B), CD19* CD27* CD103*
(Figure 6C and D), CD19 *CD27 *FasL* (Figure 6G and H), CD19*CD27 * PD-1* (Figure
7A and B), CD19* CD27+ CD38* (Figure 7C and D), and CD19* CD27+ CXCR3* (Figure 7E

d F) were significantly increased. These percentages were significantly decreased
after DSS-induced colitis mice were treated by Cur for 14 days. Meanwhile, the
percentages of CD19* CD27*1L-10* (Figure 6E and F) and CD19* CD27* Tim-3* (Figure
7G and H) were remarkably decreased in mice of the DSS_group; whereas, the
percentages of CD19+ CD27+ Tim-3* and CD19+ CD27+IL-10* were markedly increased
after experimental colitis mice treated with Cur. These results suggested that Cur could
effectively regulate memory B cell subsets in mice with colitis.

Cur regulates the activation of the Bcl-6-Syk-BLNK signaling pathway
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Next, we used Western blot analysis to explore Cur’s effect on the regulation of memory
B-cell-related signaling pathways in mice with colitis. The Bcl-6-Syk-BLNK signaling
pathway is a crucial signaling pathway involved in the actiyation, differentiation,
proliferation, and functional display of immune cells, including B cells and memory B
cells. In our experiments, the expression levels of Bcl-6 (Figure 8A and Bﬁ CIN85
(Figure 8A and E), Syk (Figure 8A and F), and p-Syk (Figure 8A and G) were higher in
DSS group than in the Contrgl group. After 14 d of Cur treatment, the Bcl-6, CINS5,
Syk, and p-Syk expressions in the colonic tissues of colitis mice were significantly
inhibited. In addition, the expression levels of BLNK (Figure 8A and B) and p-BLNK
(Figure 8A and D) were obviously lower in the DSS group than those in the Control
group, and the explﬁsion levels of BLNK and p-BLNK in the treatment group were
evidently increased compared with the DSS group. Thus, these results suggested that
Cur effectively regulates the activation of the Bcl-6-Syk-BLNK signaling pathway in

colitic mice.

DISCUSSION

The incidence of UC has been gradually increasing worldwide, especially in adults
between 30 and 40 years old. Patients with UC have mucosal inflammation, which starts
in the rectum but continues into the proximal colon, usually presenting with bloody
stool. Its pathogenesis is multifactorial, involving destroyed epithelial barrier,
dysregulated immune responses, genetic predisposition, and out of balance in gut
microbiota. The dysfunction of immune cells and the destruction of immune
homeostasis are deem as one of the direct causes of UCI2829],

B cells have an important role in adaptive immunity, and can differentiate into
plasma cells and participate in inflammatory responses by producing a large number of
antibodies and suppressing imnﬁ'le responses by releasing anti-inflammatory
cytokines®l. Previous researches on the role of B cells in immune diseases had
indicated that the disruption of B cell subsets was familiar character-in various

autoimmune diseases. The variations in B cell frequency, abnormal molecular
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expression, key pathways, and the imbalance in subgroup distribution are closely relate
to the immunological pathogenesis of many diseases. Different B cell subsets can
promote and inhibit inflammation. Over-activation of B cell responses, abnormal
expression of signaling factors and cytokines, and imbalance in subpopulations,
including memory B cells, are involved in the pathogenesis of many immune diseases.
eanwhile, memory B cells were considered as be the source of several pro-
inflammatory cytokines, which involved in the pathogenesis of many autoimmune
diseasesl®!l. In recent years, domestic and foreign scholars have extensively focused on
this special subtype B cells and the relationship between autoimmune diseases, such as
myasthenia grais, Gillan barre syndrome and other immune system diseasesP2.
Dysregulation of memory B cells was found in several autoimmune diseases. Previous
studies['7l have found that the B cell immune response, namely the antibody response, is
abnormally activated, and the memory B cells are significantly reduced in UC patients.

It is known that the body’s immune system generates memory during the body’s first
antigen-antagonism and antibody response to specific antigens. The initial B cells can
transform into memory B cells to complete the rapid category conversion in the next
immunization[®l. These plasma cells migrate to bone marrow and lymphoid tissue,
secrete specific antibodies such as immunoglobulin, inflammatory cytokines, and
chemokines, mediate rapid and effective secondary immune response, and have an
important role in humoral immunityl3l.

Memory B cells are stimulated again by the same antigen and rapidly activated to
produce IgG, IgM, IgA, FC%S, CD103, IL-10, FasL, PD-1, CD38, CXCR3, Tim3, and so
on. As is known to all that the destruction of the intestinal mucosal barrier during the
onset of IBD causes an abnormal expression of immunoglobulin, which is a major
participant in humoral immunity, including IgG, IgA, IgM, etd®l. IgG has the function
of opsonizing phagocytes and neutralizing toxins; IgA has an antibacterial and antiviral
function, while IgM has the fungtion of lytic and binding antigens. Previous researches
have shown that the increased number of endoplasmic cells in the intestinal mucosa of

IBD patients leads to an increase in the secretion of IgG, IgA, IgM, and other
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immunoglobulins, which further participate in the formation of local immune
complexes in the intestinal mucosa and trigger intestinal inflammationl3l. “FCR-like”
(FCRL) is an evolutionarily erved gene family associated with IgG and IgE Fc
receptors (FCRS). FCRL5 is preferentially expressed in B cells and encodes
transmembrane proteins with tyrosine-based immunoregulatory motifs7l. CD103
(human mucosal lymphocyte antigen-1) that is highly expressed at mucosal sites. While
CD103-positive lymphocytes have a remarkable ability to move directly toward the
intestinal epithelial cell model and immobilize mucosal lymphocytes with E-cadherin at
the basolateral side of the intestinal epithelium(3l. IL-10 has anti-inflammatory effects
on inhibiting inflammation and cellular immune response, improving B cell survival
rate, B cell proliferation, MHC II antigen expression and immunoglobulin secretion, and
inhibiting the production of NK cytokines, monocytes, and ma hage pro-
inflammatory factors/®l. In the gastrointestinal tract, IL-10 is secreted by T cells, B cells,
macrophages, neutrophils and natural killer cells, an aintain mucosal homeostasis
and immune tolerance during inflammationl*l. FasL is a membrane receptor protein
that belongs to the superfamily of nerve growth factor receptors. It has a signal
transduction role in cell apoptosis; it can induce colon epithelial cells and protect Th2
cells frorﬁ\poptosis or even directly kill Th2 cells. In colonic epithelial cells, FasL can
mediate the apoptosis of colonic epithelial cells through caspase-mediated apoptosis,
which ultimately leads to the destruction of the colonic mucosal barrier the
formation of ulcers(*!l. Indeed, high-expressed Fas L in B cells is upregulated by IL-10 in
some autoimmune diseases and GVHD models. CD5 expressed in ﬁth FasL* B cells
and IL-10-producing B10 cells, aggesting the possibility of a feedforward cycle in
which B cells can express IL-10 to e ce their other immunomodulatory
mechanismsl42l, Programmed death receptor PD-1 is a coinhibitory receptor expressed
on T cells, B cells, natural killer cells and monocytes. It has been confirmed that it is
highly expressed in intestinal mucosal cells. Its ligand binding can participate in the
occurrence of intestinal mucositis by activating initial T lymphocytes, inhibiting

activated effector T lymphocytes, and regulating the secretion of cytokines/#l. Studies
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have shown that in patients with UC, the expression level of PD-1 in inflammatory sites
is significantly increased, while intestinal mucositis is decreased when the PD-1
pathway is blocked!*l. CD38 is expressed on intestinal inflammatory cells, which has
been reported to promote intestinal inflammation. Therefore, CD38 indirectly promotes
intestinal inflammation(#5. CXCR3 is a chemokine receptor of the C family,
expressed in epithelial and endothelial cells, as well as various lymphocytes such as NK
cells, B cells, memory T cells, monocytes, and neutrophils. In IBD patients, CXCR3 and
its corresponding ligands are strongly expressed in the intestinal mucosa. They can also
recruit pro-inflammatory cells into the colon during colitis, leading to IBDI%l. As an
important immune checkpoiﬂ molecule, Tim-3 regulates immune response. According
to previous studies, Tim-3 is also expressed on the surface of B cells, while B cell
activation affects the expression of Tim-3. After knocking out Tim-3, its protective effect
disappeared, and the protective effect of B cells depended on Tim-3, In their study,
Wang et all*’l found that during the development of acute enteritis, the expression of
Tim-3 on the surface of infiltrated immune cells, especially B cells in the lamina propria
of the colon, significantly decreased. After knocking out Tim-3, enteritis was
significantly aggravated, and the protective effect of B cells on enteritis potentially
depended on Tim-3. When the humoral immune balance related to memory B cells is
disrupted, the expression of proinflammatory factors is induced, and the expression of
anti-inflammatory factors is inhibited, leading to a variety of autoimmune diseases,
including IBDI43].

Our experimental results revealed that the level of memory B cells in the peripheral
blood of DSS-induced colitis mice was obviously abnormal, which was consistent with
other literature reports. In our experiment, induced memory B cells (IgG*, IgM*, IgA*,
FCRL5*, CD103*, FasL*, PD-1*, CD38*, CXCR3* memory B cells) were over-expressed
and tolerant memory B cells (IL-10*, Tim-3* memory B cell) were under-expressed. After
Cur administration, the levels of induced memory B cells with pro-inflammatory factors
expression were significantly inhibited, while the levels of tolerant memory B cells and

anti-inflammatory factors were increased. These phenomena were accompanied by
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Cur’s effective inhibition of pathological damage in colitis mice, which indicated that

ur could impactful regulate the balance of memory B cells in colitis mice, so as to
restore the balance of pro-inflammatory factors and anti-inpflammatory factors and
alleviate the symptoms of DSS-induced colitis. It also showed that the therapeutic effect
of Cur on UC in mice might be closely related to the balance regulation of memory B
cells.

In order to explore the meghanisms through which Cur regulates the balance of
memory B cells_we examined the activation of the Bcl-6-Syk-BLNK signaling pathway
in colon tissue. Bcl-6 protein is highly expressed in germinal Eells, and the germinal
response is the maturation of antigen-specific B cells into memory B cells, which
constitute the cellular ¢ onents of immune memory of the B cell linesl*’l. Previous
studies have suggested that Bcl-6 expression is necessary to enable germinal center B
cells to differentiate into memory B cells instead. Bcl-6 ex%ession was also found to
enhance B ce urvival, thereby regulate self-renewal of memory B cell. High
expression of Bcl-6 sustains a germinal center B cell phenotype and inhibits the
diffeEtiation of memory B cell in vitro. Furthermore, it is established that Syk/p-Syk
was a key signal pathway, which is required to couple the BCR to all downstream
signaling pathways in mature B cells. Also, as the deficient Syk in B cells could not
differentiate into the germinal center or plasma cells, it was required for the survival of
memory B cells[5051], then BLNK/p-BLNK is deficient, the transformation of
primordial B cells into memory B cells is disrupted, and the level of memory B cells is
significantly reduced52l. CINS85 is widely involved in various physiological activities in
the body, especially vesicle transport, membrane transport, invasion, and migration of
various cancer cells. It also participates in cell differentiation, cell cycle, and
ajoptosis[53»54]. According to the above analysis, the Bcl-6-Syk-BLNK signaling pathway
plays a crucial role in the development, activation and differentiation of B cells and
memory B cells.

In our experiment, after Cur administration, the increased levels of other proteins

were found, except for the decrease of BLNK and p-BLNK protein expression. The

17/22




results indicated that Cur could significantly inhibit the activation of the Bcl-6-Syk-

BLNK signaling pathway, which is consistent with its regulatory effect of memory B-
cell balance.

As a new member of regulatory immunity, the biological characteristics and functions
of memory B cells” have been studied more extensively, providing a new perspective for
studying immune regulation mode and a new method for treating inflammatory bowel
disease. It is has been proven that Cur is effective against DSS-induced micron colitis.
this experiment, we found that Cur could effectively improve the mucosal damage of
DSS-induced colitis mice and significantly regulate the balance of induced type and
tolerance memory B cells in colitis mice. So, the Bcl-6-Syk-BLNK signaling pathway was
significantly inhibited. First, Cur’s effective treatment of ine UC, which is close
relate with the regulation of memory B cell balance. Second, Cur regulated the balance
of memory B cell subgroup in miceﬁith colitis, which was realized by activating the
Bcl-6-Syk-BLNK signaling pathway. These results suggest that through the activation of
the Bcl-6-Syk-BLNK signaling pathway, Cur harmonizes the differentiation and
activation of inducible and inhibitory memory B cells, promotes the balance between

m, reduces the expression of chemokines related to the inhibition of inducible
memory B cells, and prevents excessive accumulation of inﬂaE'latory cells. It can also
prevent overproduction of pro-inflammatory factors, increase the expression of tolerant
memory B cells and anti-inflammatory factors to alleviate the immune damage
mediated by correcting memory B cell disorder, and maintain the humoral immune

homeostasis mediated by memory B cells.

CONCLUSION

Cur could effectively alleviate DSS-induced colitis in mice by regulating memory B cells

and the Bcl-6-Syk-BLNK signaling pathway.

ARTICLE HIGHLIGHTS

Research background
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Curcumin (Cur) has shown promising effica% in experimental colitis mice and
ulcerative colitis patients. Thus disturbance in memory B cells has been observed in
various autoimmune diseases, including inflammatory bowel disease. However, few
studies have explored whether Cur treatment of colitis is associated with memory B

cells.

earch motivation
To the of our knowledge, this is the first study to explore the mechanisms by which

regulate memory B cells in the treatment of experimental colitis.

Research objectives
To investigate whether Cur can alleviate experimental colitis induced by DSS through

regulating memory B cells and the Bcl-6-Syk-BLNK signal.

Research methods

Cur (100 mg/kg/d) was intragastric administration to treatce with colitis induced by
BSS for 14 consecutive days. The effect of Cur treated colitis was evaluated by
macroscopic and histological observation. The levels of memory B cells subgroup in
mice peripheral blood were detected by flow cytometry, and the levels of cytokines in

colonic tissue homogenates were measured by using ELISA. The expressions of Bcl-6,

BLNK, and Syk were measured by Western blot.

Research results

After Cur treated mice for 14 days, e body weight, colonic weight and length, colonic
weight index, and histopathplogical injury were ameliorated. In colitis mice, the
concentrations of IL&[}, IL-6, TNF-a, and IL-7A were significantly decreased, while the
concentrations of anti-inflammatory cytokines IL-35 and IL-10 were obviously

increased. Activation of memory B cell subsets in colitis mice was confirmed by

remarkable reduction in the expressions of IgM*, IgG*, IgA*, FCRL5*, CD103*, FasL*,
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PD-1*, CD38*, and CXCR3* on the surface of CD19*CD27+B cells, while the number of

CD19* CD27* IL-10* and CD19+CD27* Tim-3* B cells increased significantly. In addition,
Cur observably decreased the protein levels of Syk, p-Syk, Bcl-6, and CINS85, and

increased BLNK and p-BLNK expressions in colitis mice.

Research conclusions
Cur could effectively alleviate DSS-induced colitis in mice, which was realized by a
potential mechanism involving memory B cells and the Bcl-6-Syk-BLNK signaling

pathway.

Research perspectives
In the present study, Cur effectively ameliorated the pathological colonic igjury induced
by DSS, which was achieved through a potential mechanism involving regulating the
balance of memory B cells and activating the Bcl-6-Syk-BLNK signaling pathway.

Figure Legends

Figure 1 Drugs and protocols used in the experiment. A: Mglecular structural formula
of curcumin (Cur); B: Cur used in the experiment; C: Colitis induction and Cur
administration. The experiment lasted for 22 d, including 3 d of adaptive feeding, 0-7 d
of 3% DSS treatment with drinking water, and 7 d of free drinking water.

Figure 2 The therapeutic evaluation of curcumin on DSS-induced experimatal
colitis. A: Body weight of mice from day 0-day 22; B: Weight change of rate in mice
from day 1-day 22; C: The OB scores of mice in the four groups from day 1-day 22; D:
The DAI scores of mice in the four groups from day 1-day 22; E: Changes in colonic
length by the naked eye; F: The colonic length of mjce on day 22 in these four groups; G:
The colonic weight; H: The body weight; I: The colonic weight index; J: The colonic
weight/ colonic length; K: The spleen weight; L: The spleen weight/body weight; M:
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Histological appearance of the colons from individual groups of mice (hematoxylin and

eosin staining, magnification 50 X, Bar = 100 pm); N: Pathological injury score.
Figure 3 Curcumin effectively regulated inflammatory cytokines expression. A: The
concentration of IL-10 in colonic tissue; B: The concentration of IL-35 in colonic tissue;
C: The concentration of IL-6 in colonic tissue; D: The concentration of IL-17A in colonic
tissue; E: The concentration of IL-1p in colonic tissue; F: The concentration of TNF-a.
Figure 4 Curcumin regulated the differentiation of memory B cells in DSS-induced
ulcerative colitis mice. A: Representative flow cytometry profile of peripheral blood
mononuclear cells (PBMC) in peripheral blood; B: Representative flow cytometry
profile of CD19+ cells in peripheral blood; C: Representative flow cytometry profile of
CD19+ CD27+ cells in peripheral blood; D: Bar charts of CD19+ CD2 * memory B cells.
Figure 6 Curcumin regulated the differentiation of memory B cells in DSS-induced
ulcerative colitis mice. A: Representative flow cytometry profile of CD19* CD27+*
RL5* cells in peripheral blood; B: Bar charts of CD19* CD27+* FCRL5" cells; C:
Representative flow cytometry profile of 9+CD27+ CD103* cells in peripheral blood;
D: Bar gharts of CD19* CD27* CD103" cell; E: Representative flow cytometry profile of
CD19* CD27+IL-10* cells in peripheral blood; F: Bar charts of CD19* CD27* IL-10* cells;
G: Representative flow cytometry profile of CD19+ CD27+ FasL* cells in peripheral blood;
H: Bar charts of CD19* CD27* FasL* ells. Data were presented as mean + SE (n = 8-10).
Figure 7 Curcumin regulated the differentiation of memory B cells in DSS-induced
ulcerative colitis mice. A: Representative flow cytometry profile of CBI 9*CD27*PD-1*
cells in peripheral blood; B: Bar charts of CD19* CD27* PD-1* cells; C: Representative
flow cytometry profile of CD19* CD27* CD38* cells in peripheral blood; D; Bar charts of
CD19* CD27* CD38* cells; E: Representative flow cytometry profile of CD19* CD27*
CXCR3* cells in peripheral blood; F: Bar charts of CD19* CD27+ CXCR3* cells; G:
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Representative flow cytometry profile of CD19* CD27* Tim-3* cells in peripheral blood;
H: Bar charts of CD19*CD27+ Tim-3* cells.

Figure 8 Curcumin regulated the expression of memory B cell-related proteins in

DSS-induced ulcerativeacolitis mice. A: The expression of Bcl-6, BLNK, p-BLNK,
CINS85, Syk, and p-Syk in colon tissues analyzed by Western blotting, and GAPDH
served as references for the whole proteins; B: Quantitative evaluations of Bcl-6
determining the band intensities by Image J; C: Quantitative evaluations of BLNK
determining the band intensities by Image J; D: Quantitative evaluations of p-BLNK
determining the band intensities by Image J; E: Quantitative evaluations of CIN85
determining the band intensities by Image J; F: Quantitative evaluations of Syk
determining the band intensities by Image J; G: Quantitative evaluations of p-Syk by

determining the band intensities by Image J.
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