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Abstract

Objective: This study aimed to examine the expression of GRP78/Bip (glucose

regulated protein-78 / binding immunoglobulin protein) in both intracellular space
(synovial tissue) and extracellular space (articular fluid and blood) in patients with
rheumatoid arthritis (RA). Additionally, the study sought to investigate the role of

intracellular and extracellular GRP78/Bip in the activity and progression of RA.

Methods: 96 patients with different activity and progression of RA were selected

from January 2020 to June 2021. According to the DAS28 score, the patients were
divided into the remission stage and active stage, and divided into early stage, middle
stage and late stage by progression of RA, namely RA. R.E group, RA. R.M group,
RA. R.L group, RA. A.E group, RA. A.M group, RA. A.L group, and 16 patients in
each group. The expression of GRP78/Bip in serum was detected by Elisa. 6 typical
RA patients with different stages were selected from 96 outpatients as the RA
experimental group by the results of serum GRP78/Bip, clinical symptoms, and
laboratory tests. 1 patient admitted for arthroscopic surgery due to discoid meniscus
was a healthy control group and 1 patient admitted for joint replacement due to
osteoarthritis (OA) was a control group.1 patient admitted for arthroscopic surgery
due to discoid meniscus was a healthy control group and 1 patient admitted for joint
replacement due to osteoarthritis (OA) was a control group.The Elisa was used to
assess the expressions of TNF-a, IL-10 and GRP78/Bip in serum, synovial tissue and
articular fluid. The western blot (WB) was used to assess the expressions of

GRP78/Bip and Caspase-3 in synovial tissue

Results: In terms of overall comparison among the 8 groups, the expression of



GRP78/Bip in RA serum and synovial tissue was ranked in descending order: active
stage > remission stage, late stage> middle stage> early stage, and the RA articular
fluid: remission stage > active stage, early stage> middle stage> late stage, with
statistically significant overall difference in all the groups (P<0.05). The expression of
Caspase-3 in RA synovial tissue was ranked in descending order: active stage >
remission stage, late stage or middle stage> early stage, with statistically significant
overall difference in all the groups (P<0.05). The expression of TNF-a in serum,
synovial tissue and articular fluid was ranked in descending order: active stage >
remission stage, late stage> middle stage> early stage, with statistically significant
overall difference in all the groups (P<0.05). The expression of IL-10 in serum and
synovial tissue was ranked in descending order: active stage > remission stage, late
stage> middle stage> early stage, and the RA articular fluid: remission stage > active
stage, late stage> middle stage> early stage, with statistically significant overall

difference in all the groups (P<0.05).
Conclusion: The intracellular and extracellular GRP78/Bip was involved in the

activity and progression of rheumatoid arthritis, and could be used as a new
therapeutic target to provide new ideas and methods for clinical remission or
treatment of RA.
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About Research Topic

The role of intracellular and extracellular GRP78/Bip in the activity and progression of
rheumatoid arthritis has been extensively studied. GRP78/Bip, a chaperone protein, has
been found to be upregulated in the synovial tissue of patients with rheumatoid arthritis.
It is involved in the regulation of inflammation and apoptosis, and has been shown to
play a role in the pathogenesis of rheumatoid arthritis. Additionally, extracellular
GRP78/Bip has been found to be involved in the activation of immune cells, suggesting
a potential role in the development of autoimmune diseases such as rheumatoid arthritis.

The effects of intracellular and extracellular GRP78/Bip are as follows:

GRP78/Bip is involved in most stress responses in vivo, and can be transferred from
nucleus (intracellular protein) into cell surface (extracellular protein). Currently, the
research of GRP78/Bip in rheumatoid arthritis (RA) is controversial, and the role and
regulatory mechanism of intracellular and extracellular GRP78/Bip in the activity and
progression of RA has not been reported yet. The results of our experiments showed
that GRP78/Bip can be continuously highly expressed in and out of RA cells at the same
time, and its change trend is closely related to RA activity and progression; the roles
GRP78/Bip played in and out of cells in the process of RA activity and progression are
different. Therefore, we put forward the hypothesis of the mechanism of GRP78/Bip in
and out of RA cells, which explains the reason why GRP78/Bip has different action
mechanisms under different stresses, and even plays different roles under the same



stress; besides, it explains the expression differences of GRP78/Bip in and out of RA
cells, and also the differences of the targeted therapy in RA activity and progression.
Based on this hypothesis, this research elucidates the effects and mechanism of
intracellular and extracellular GRP78/Bip in the activity and progression of RA, so as
to solve the current controversial and unknown problems.

Inflammatory Cytokines

Activated Cells
° @ ‘ Proliferationf

Hypoxia,
ROS,
Glucose
Deprivation. 1

Osteocl
’ b ./

Activated Cells
Survival P

» Cytosol
" Extracellular GRP78/Bip

About Institution:
Jinling Hospital of Nanjing Medical University, also named as General Hospital of
Eastern Theater Command, located in Nanjing, China, is a tertiary hospital.

References:

[1]Weyand C M, Goronzy J J. The immunology of rheumatoid arthritis[J]. Nat Immunol, 2021, 22 (1):10-
18.

[2] Hugon J. Rheumatoid arthritis and cognitive decline[J]. Joint Bone Spine,2022,89(3):105346.

[3] Nagy G, Roodenrijs N, Welsing P, et al. EULAR points to consider for the management of difficult-
to-treat rheumatoid arthritis[J]. Ann Rheum Dis,2022,81(1):20-33.

[4] Cutolo M, Nikiphorou E. Nutrition and Diet in Rheumatoid Arthritis[J]. Nutrients,2022,14(4).

[5] Padyukov L. Genetics of rheumatoid arthritis[J]. Semin Immunopathol,2022,44(1):47-62.

[6] Alves C, Penedones A, Mendes D, et al. The Risk of Infections Associated With JAK Inhibitors in
Rheumatoid Arthritis: A Systematic Review and Network Meta-analysis[J]. J Clin Rheumatol, 2022,
28(2):e407-e414.

[7] Rivellese F, Pitzalis C. Cellular and molecular diversity in Rheumatoid Arthritis[J]. Semin
Immunol,2022:101519.

[8] Ebina K. Drug efficacy and safety of biologics and Janus kinase inhibitors in elderly patients with



rheumatoid arthritis[J]. Mod Rheumatol,2022,32(2):256-262.

[9] Akiyama M, Kaneko Y. Pathogenesis, clinical features, and treatment strategy for rheumatoid
arthritis-associated interstitial lung disease[J]. Autoimmun Rev,2022,21(5):103056.

[10] Shields A M, Thompson S J, Panayi G S, et al. Pro-resolution immunological networks: binding
immunoglobulin protein and other resolution-associated molecular patterns[J]. Rheumatology
(Oxford),2012,51(5):780-788.

[11] Park Y J, Yoo S A, Kim W U. Role of endoplasmic reticulum stress in rheumatoid arthritis
pathogenesis[J]. J Korean Med Sci,2014,29(1):2-11.

[12] Park K W, Eun K G, Morales R, et al. The Endoplasmic Reticulum Chaperone GRP78/BiP
Modulates Prion Propagation in vitro and in vivo[J]. Sci Rep,2017,7:44723.

[13] Yoo S A, You S, Yoon H J, et al. A novel pathogenic role of the ER chaperone GRP78/BiP in
rheumatoid arthritis[J]. J Exp Med,2012,209(4):871-886.

[14] Yoshida K, Ochiai A, Matsuno H, et al. Binding immunoglobulin protein resolves rheumatoid
synovitis: a xenogeneic study using rheumatoid arthritis synovial membrane transplants in SCID
mice[J]. Arthritis Res Ther,2011,13(5):R149.

[15] Kirkham B, Chaabo K, Hall C, et al. Safety and patient response as indicated by biomarker changes
to binding immunoglobulin protein in the phase I/lIA RAGULA clinical trial in rheumatoid arthritis[J].
Rheumatology (Oxford),2016,55(11):1993-2000.

[16] Cai P, Jiang T, Li B, et al. Comparison of rheumatoid arthritis (RA) and osteoarthritis (OA) based
on microarray profiles of human joint fibroblast-like synoviocytes[J]. Cell Biochem
Funct,2019,37(1):31-41.

[17] Wu Z, Ma D, Yang H, et al. Fibroblast-like synoviocytes in rheumatoid arthritis: Surface markers
and phenotypes[J]. Int Immunopharmacol,2021,93:107392.

[18] Mousavi M J, Karami J, Aslani S, et al. Transformation of fibroblast-like synoviocytes in rheumatoid
arthritis; from a friend to foe[J]. Auto Immun Highlights,2021,12(1):3.

[19] Ma J D, Jing J, Wang J W, et al. A novel function of artesunate on inhibiting migration and invasion
of fibroblast-like synoviocytes from rheumatoid arthritis patients[J]. Arthritis Res Ther,2019,21(1):153.
[20] Ko J, Kim J Y, Lee E J, et al. Role of binding immunoglobulin protein (BiP) in Graves' orbitopathy
pathogenesis[J]. J Mol Endocrinol,2021,66(1):71-81.

[21] Elfiky A A, Baghdady A M, Ali S A, et al. GRP78 targeting: Hitting two birds with a stone[J]. Life
Sci,2020,260:118317.

[22] Farshbaf M, Khosroushahi A 'Y, Mojarad-Jabali S, et al. Cell surface GRP78: An emerging imaging
marker and therapeutic target for cancer[J]. J Control Release,2020,328:932-941.

[23] Aghamollaei H, Ghanei M, Rasaee M J, et al. Isolation and characterization of a novel nanobody
for detection of GRP78 expressing cancer cells[J]. Biotechnol Appl Biochem,2021,68(2):239-246.

[24] Samanta S, Yang S, Debnath B, et al. The Hydroxyquinoline Analogue YUM70 Inhibits GRP78 to
Induce ER Stress-Mediated Apoptosis in Pancreatic Cancer[J]. Cancer Res,2021,81(7):1883-1895.

[25] Gonzalez-Gronow M, Gopal U, Austin R C, et al. Glucose-regulated protein (GRP78) is an
important cell surface receptor for viral invasion, cancers, and neurological disorders[J]. IUBMB
Life,2021,73(6):843-854.

[26] Gopal U, Pizzo S V. Cell surface GRP78 signaling: An emerging role as a transcriptional modulator
in cancer[J]. J Cell Physiol,2021,236(4):2352-2363.

[27] Corrigall V M, Bodman-Smith M D, Brunst M, et al. Inhibition of antigen-presenting cell function
and stimulation of human peripheral blood mononuclear cells to express an antiinflammatory cytokine



profile by the stress protein BiP: relevance to the treatment of inflammatory arthritis[J]. Arthritis
Rheum,2004,50(4):1164-1171.

[28] Pfaffenbach K T, Lee A S. The critical role of GRP78 in physiologic and pathologic stress[J]. Curr
Opin Cell Biol,2011,23(2):150-156.

[29] Brownlie R J, Myers L K, Wooley P H, et al. Treatment of murine collagen-induced arthritis by the
stress protein BiP via interleukin-4-producing regulatory T cells: a novel function for an ancient
protein[J]. Arthritis Rheum,2006,54(3):854-863.

[30] Panayi G S, Corrigall V M. Immunoglobulin heavy-chain-binding protein (BiP): a stress protein
that has the potential to be a novel therapy for rheumatoid arthritis[J]. Biochem Soc
Trans,2014,42(6):1752-1755.

[31] Zaiss M M, Hall C, Mcgowan N, et al. Binding Immunoglobulin Protein (BIP) Inhibits TNF-alpha-
Induced Osteoclast Differentiation and Systemic Bone Loss in an Erosive Arthritis Model[J]. ACR Open
Rheumatol,2019,1(6):382-393.

[32] Henderson B, Martin A C. Protein moonlighting: a new factor in biology and medicine[J]. Biochem
Soc Trans,2014,42(6):1671-1678.

[33] Davis L S. BiP, From Putting Out Fires to Fanning the Flames in Rheumatoid Arthritis[J]. Arthritis
Rheumatol,2015,67(5):1147-1150.

[34] Shields A M, Klavinskis L S, Antoniou M, et al. Systemic gene transfer of binding immunoglobulin
protein (BiP) prevents disease progression in murine collagen-induced arthritis[J]. Clin Exp
Immunol,2015,179(2):210-219.

[35] Hernandez I, Cohen M. Linking cell-surface GRP78 to cancer: From basic research to clinical value
of GRP78 antibodies[J]. Cancer Lett,2022,524:1-14.



