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Abstract: Use of active site-targeting inhibitor is an effective approach leading to pharmacological
inventions. Heat shock cognate protein A8 (HSPAS) has been found as a receptor of VGF derived
bioactive peptide TLQP-21 in SH-SY5Y cells. So, it was of much interest to carry out this study in
order to observe whether Oxymatrine (OMTR), an inhibitor of HSPAS, inhibits the binding of
TLQP-21 to the surface of intact, live SH-SY5Y cells. The results confirmed, as expected, that
OMTR reduces the binding of TLQP-21 to the surface of intact, live SH-SY5Y cells, with a strong
conclusion that the binding of TLQP-21 to the surface of SH-SY5Y cell model was through HSPAS.
The inhibition efficacy of OMTR potentiates its application in drug targeting.
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Introduction

VGF (a non-acronymic name) gene was originally identified as a nerve growth factor NGF)
responsive gene and should not be confused with VEGF (vascular endothelial growth
factor) (Akhter, 2015). NGF33.1, a nervous system-specific mRNA was cloned by treatment
of PC12 cells with NGF. After elucidating the nucleic acid as well as amino acid sequences
of the NGF33.1 cDNA clone, Levi e a/. (1985) designated this clone corresponding to the
NGF-inducible mRNA as VGF. The term ‘VGEF’ derived from the selection of this clone
from plate V of the nerve Growth Factor induced PC12 cell cDNA library (Levi ez al., 1985;
Possenti ¢ al., 1989).

TLQP-21 is a 21 residue peptide named after its three amino terminal amino acid
residues---threonine (thr) - leucine (leu)—glutamine (gln) — proline (pro), spans residues 556-
576 of the precursor sequence. The molecular weight of TLQP-21 human is 2490.88 Da,
formula: Cio7H170N40O26 (Levi ¢f al., 2004; Akhter, 2015). Out of several bioactive peptides
derived from VGF, TLQP-21 is of great importance because of its multi-physiological roles.
TLQP-21 was found provoking energy consumption and increased resting energy
expenditure (Possenti e7 al., 2012; Jethwa ez al., 2007; Bartolomucci ef a/. 2006). TLQP-21
also plays a key role in stress (Razzoli ez al., 2012, Bartolomucci ¢ al., 2011), diet induced
obesity (Possenti ¢z al., 2012), choronic pain modulation/nociception (Fairbanks ¢ a/., 2014;
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Chen ¢ al., 2013; Rizzi ef al., 2008, Ayub, 2012), anorexia ( Bartolomucci ¢ al., 2006; Jethwa
et al., 2007), gastric contractility (Severini et.al., 2009; Bartolomucci ez a/, 2008), blood
pressure/hypertension regulation (Fargali ¢f al., 2014), glucose-stimulated insulin secretion
(GSIS) (Stephens et al, 2012), reproduction (Aguilar ez @/, 2013; Pinilla ez al, 2011),
neuroprotective agent (Severini ef al, 2008, diabetes (Stephens ez al, 2012. All these
observations suggest that TLQP-21 will render a very interesting pharmacological target in
many aspects (Akhter, 2015).

HSPAS8 (71 kDa), a constitutively expressed protein, is a fascinating member of the
HSP70 family. HSPAS8 expressing on the cell surface performed as a cellular receptor
(Sagara et al., 1998; Page et al, 2009; Chakraborty ez al, 2015; Akhter, 2015). Over 70
candidate compounds were screened for HSPAS inhibitor. Among the compounds
examined, Oxymatrine (OMTR, matrine oxide, matrine N-oxide, matrine 1-oxide: one of
many quinolizidine alkaloid compounds), molecular weight (MW) 264.31 (Fig. 1), an alkaloid
extracted from Sophera flavescens (Ling et al., 2007) (populatly known as KuShen plant, Fig. 2),
showed significant activity to down regulate the expression of HSPAS8 in HepG2 liver cells
without showing any toxicity to the cells. Additionally, Western blotting confirmed the
reducing effect at the protein level, showing reduction of HSPAS8 protein in the OMTR
treated cells (Wang ez al., 2010).

Considering all these, it was of interest to investigate the effect of OMTR on SH-SY5Y
cells; whether it reduces binding of TLQP-21 to the surface of intact, live SH-SY5Y cells in
flow cytometry, popularly known as Fluorescence-activated Cell Sorting (FACS) analysis.

M 03 / { 4 N
O Fig. 2: Sophora flavescens: A Chinese herb,
Fig. 1: Chemical structure of OMTR popularly known as Ku Shen: a typical

traditional Chinese medicine plant (Cai
et al., 1997)

Materials and Methods
Oxymatrine (OMTR), inhibitor of HSPAS protein expression, with purity 99% was
purchased from the Selleck Chemicals, USA.

SH-SY5Y cells (European Collection of Cell Cultures, ECACC; catalog number-
94030304) are thrice cloned (SK-N-SH — SH-SY — SH-SY5 — SH-SY5Y) subline of the
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neuroblastoma cell line SK-N-SH and were grown at 37°C in a 5% CO,-humidified
incubator on a culture medium composed of 1:1 Earle’s Balanced Salt Solution (EBSS)
(Sigma Aldrich) and F12 HAM (Sigma Aldrich) supplemented with 15% fetal bovine serum
(FBS) (Gibco), 1% Glutamine (Gln)(Sigma Aldrich), 1% Non-Essential Amino Acids
(NEAA) (Sigma Aldrich), and 1% Penicilin-Streptomicin (P/S) (Iavitrogen) in Falcon Petri
dishes, 10020 mm (Life Sciences).

OMTR was solubilised in sterilized milliQQ water at concentration of 25 mg/ml (94.5
mM). Growing SH-SY5Y cells in Falcon Petri dishes, 100X20 mm (Life Sciences), treated
overnight with solution of OMTR at final concentration of 0.4 mg/ml (1.51 mM) or not
treated, were washed with Phosphate-buffered saline (PBS) at room temperature. Then for
detachment from the bottom of the Petri dish, cells were incubated with 1.5 ml of 0.05%
Trypsin/Ethylene diamine tetraacetic acid (EDTA) solution (1X Gibco, Life Technologies)
at 37°C with 5% COz for 2-5 minutes and finally cell detachment was empirically assessed
by visual inspection. Subsequently, 1.5 ml of SH-SY5Y culture medium was added and
mixed gently by pipetting. Cells were taken in a Falcon tube and spun down at 1500 rpm for
10 minutes. Cells were resuspended in PBS containing 1% bovine serum albumin (BSA) at a
concentration of 0.5-2 X 106 cells/ml, as determined by counting using a FACS Calibur™
(Becton Dickinson; San Jose).

TLQP-21 (28, 10 or 5 ul of a 0.1 mM solution in filtered PBS, corresponding to 2.8,
1.0 and 0.5 mmoles of TLQP-21) was added to resuspended cells, already treated or not
treated with OMTR, and the mixture was incubated at 4 °C for 30 minutes. The cells were
then washed twice with PBS supplemented with 1% BSA (wash buffer), followed by
centrifugation at 300Xg for 7 minutes. After the second wash, the supernatant was
discarded gently, followed by vortexing to resuspend the pellet in test tube. Fluorescein-
conjugated avidin (Thermo Scientific) was added at 10 or 20 ng/ml as per instructions of
the supplier, and the mixture incubated at 4°C for 30 minutes in the dark. Then after
washing two times as before, the cells were measured with a FACSCalibur™ (Becton
Dickinson; San Jose). Gates were set by forward and side scatter. For analysis, cells were
calculated using Cell Quest Software (Becton Dickinson). Forcontrol, cells were treated with
fluorescein-conjugated avidin (Thermo Scientific) only (Akhter, 2015).

SH-SY5Y cells treated with OMTR (0.4 mg/ml; 1.51 mM) were collected, as described
above. Aliquots of the cells were taken and lysed in lysis buffer containing 20 mM 4-(2-
hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 2 mM ethylene glycol-bis (B-
aminoethyl ether)-N,N,N'N'-tetraacetic acid (EGTA), 1 mM Dithiothreitol (DTT),1mM
sodium orthovanadate, 1% Triton X-100, 10% Glycerol, 2 uM leupeptin, 400 pM
Phenylmethylsulfonyl fluoride (PMSF), 50 uM B-glycerophosphate, 100 pg/ml trasylol. The
cells were scrapped on ice for 10 minutes and were incubated on ice for 30 minutes with
periodic vortexing at each 5 minutes interval, followed by centrifugation for 20 minutes at
14000xg at 4°C. The supernatant was collected for further use. Protein concentration was
quantified using the bicinchoninic acid (BCA) protein assay kit (Pierce Chemical).
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Results

Incubation of SH-SY5Y cells with TLQP-21, followed by FACS analysis showed that
OMTR reduces the binding of TLQP-21 to the surface of SH-SY5Y cells. Surface binding
of TLQP-21 by the cells treated with OMTR were 2.81% (control, Fig. 3A), 57.37% (Fig.
3C), 53.61% (Fig. 3E) and 53.16% (Fig. 3G); while surface binding of TLQP-21 by the cells
not treated with OMTR were 2.28% (control, Fig.3B), 57.36% (Fig. 3D), 59.33% (Fig. 3F)
and 58.73%(Fig. 3H) when the SH-SY5Y cells were incubated with 0.1 mM TLQP-21 with
5,10 and 28 pl, respectively. In this case, fluorescein-conjugated avidin was added at a
concentration of 10 pg/ml.

In addition, using fluorescein-conjugated avidin at double concentration, 20 pg/ml ;
surface binding of TLQP-21 by the cells treated with OMTR were 1.98% (control, Fig.3I),
30.78% (Fig. 3K), 32.64% (Fig. 3M) and 50.36% (Fig. 30); whereas, surface binding of
TLQP-21 by the cells not treated with OMTR were 3.51% (control, Fig. 3]), 32.13% (Fig.
3L), 40.75% (Fig. 3N) and 61.16% (Fig. 3P) when the SH-SY5Y cells were incubated with
0.1 mM TLQP-21 with 5,10 and 28 pl, respectively.

SH-SY5Y cells treated with OMTR showed a significant reduction of binding of the
peptide, particularly at the optimum conditions (16.66%): This is, when the cells were
incubated with 5 pl of the peptide (corresponding to 0.5 mmole) followed by the addition of
fluorescein-conjugated avidin added at a concentration of 20 pg/ml (Fig. 4).
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Fig. 3(A-B): Expression of HSPAS8 protein in SH-SY5Y cells reduced in flow cytometry
assays (24 hour treatment), resulting in decreased binding of TLQP-21 to the
surface of live SH-SY5Y cells. Incubation of SH-SY5Y cells withoutTLQP-
21, staining with avidin, fluorescein conjugated, at a concentration of
10pug/ml showed surface binding of TLQP-21 as 2.81% (control, with
inhibitor, A) and 2.28 % (control, without inhibitor, B)
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Fig. 3(C-D): Expression of HSPAS protein in SH-SY5Y cells reduced in flow cytometry assays
(24 hour treatment), resulting in decreased binding of TLQP-21 to the surface of live SH-SY5Y cells.
Incubation of SH-SY5Y cells with 28 pl of 0.1mM TLQP-21 followed by staining with avidin, fluorescein
conjugated (10ug/ml) showed sutface binding of TLQP-21 as 57.37% (with inhibitor, C),
and 57.36% (without inhibitor, D)
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Fig. 3(E-F): Expression of HSPAS protein in SH-SY5Y cells reduced in flow cytometry assays (24 hour
treatment), resulting in decreased binding of TLQP-21 to the surface of live SH-SY5Y cells. Incubation of SH-
SY5Y cells with 10 ul of 0.1 mM TLQP-21 followed by staining with avidin, fluorescein conjugated (10
ug/ml) showed sutface binding of TLQP-21 as 53.61% (with inhibitor, E), and 59.33% (without inhibitor, F)
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Fig. 3(G-H): Expression of HSPAS8 protein in SH-SY5Y cells reduced in flow cytometry assays (24 hour
treatment), resulting in decreased binding of TLQP-21 to the surface of live SH-SYS5Y cells. Incubation of SH-
SY5Y cells with 5 pl of 0.1mM TLQP-21 followed by staining with avidin, fluorescein conjugated (10pg/ml)

showed surface binding of TLQP-21 as 53.16% (with inhibitor, G), and 58.73% (without inhibitor, H)
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Fig. 3(1-]): Expression of HSPAS protein in SH-SY5Y cells reduced in flow cytometry assays (24 hour
treatment), resulting in decreased binding of TLQP-21 to the surface of live SH-SY5Y cells. Incubation of SH-
SY5Y cells without TLQP-21, staining with avidin, fluorescein conjugated at a concentration of 20ug/ml

showed as 1.98% (control, with inhibitor, I) and 3.51% (control, without inhibitor, J)
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Fig. 3(K-L): Expression of HSPAS protein in SH-SY5Y cells reduced in flow cytometry assays (24 hour
treatment), resulting in decreased binding of TLQP-21 to the surface of live SH-SY5Y cells. Incubation of SH-
SY5Y cells with 28 ul of 0.1mM TLQP-21 followed by staining with avidin, fluotescein conjugated (20ug/ml)

showed surface binding of TLQP-21 as 30.78% (with inhibitor, K), and 32.13% (without inhibitor, L)
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Fig. 3(M-N): Expression of HSPAS protein in SH-SY5Y cells reduced in flow cytometry assays (24 hour
treatment), resulting in decreased binding of TLQP-21 to the surface of live SH-SY5Y cells. Incubation of SH-
SY5Y cells with 10 ul of 0.1mM TLQP-21 followed by staining with avidin, fluorescein conjugated (20 pg/ml)
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Fig. 3(O-P): Expression of HSPAS protein in SH-SY5Y cells reduced in flow cytometry assays (24 hour
treatment),resulting in decreased binding of TLQP-21 to the sutface of live SH-SYS5Y cells. Incubation of SH-
SY5Y cells with 5 pl of 0.1mM TLQP-21 followed by staining with avidin, fluorescein conjugated (20 ng/ml)
showed surface binding of TLQP-21 as 50.36% (with inhibitor, O), and 61.16% (without inhibitor, P)
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Fig. 4 Representative frequency polygon showing decreased binding of TLQP-21 to the
surface of intact, live SH-SY5Y cells treated with OMTR vs. control (without
OMTR treatment) in flow cytometry

Discussion

In this study, FACS analysis has been used to confirm that OMTR reduces the binding of
TLQP-21 to the surface of intact, live SH-SY5Y cells. Previously, in SH-SY5Y cell line,
immunochemical techniques established that OMTR treatment for 60 hours downregulated
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expression of HSPAS protein level in comparision to control, though 24 hours treatment
showed no effect on expression of HSPAS8 protein (Akhter, 2015), in consistent with the
tindings of Wang ¢ a/, 2010. In another cell line HepG2, OMTR showed the
downregulation of HSPA8 at the protein level confirmed by Western blotting. A flow-
cytometric assay also exhibited the same results, showing a subsequent reduction of HSPAS
protein in the OMTR-treated cells. And this downregulatory effect was reversible (Wang e
al., 2010; 2011).

Among the VGF derived peptides, TLQP-21 is the most studied beneficial bioactive
compound and of great importance because of growing evidences of its biologically
significant effects (Akhter, 2015, Bartolomucci e¢# al., 2011), as already mentioned. TLQP-21
and its receptors could be drug target in the following biological activities: reproduction
(Hahm ez a/., 2002; 1999), feeding, energy balance, obesity and lypolysis (Jethwa ez a/, 2007,
Bartolomucci ef al, 2006, 2008, 2011, Possenti e/ al, 2012, Hannedouche er al., 2013),
nociception (Fairbanks ez al, 2014; Chen et al, 2013, Rizzi et al, 2008), and diabetes
(Stephens ef al., 2012). Considering all these significances of the peptide TLQP-21, the
results reported in this study were of great interest to us, because HSPAS and its inhibitor
OMTR were already reported as drug target (Muller ez af., 2008; Zimmer ef al., 2013; Stricher
et al., 2013; Wang ez al., 2010; 2011). HSPAS, receptor of TLQP-21 and its inhibitor OMTR
could be a drug target in the physiological activities, as noted above. Use of OMTR as
inhibitor could open new avenues to explore the molecular mechanisms of the physiological
actions of TLQP-21 and of pharmacological modulation thereof.

Of note, OMTR treatment had no lethal effect on cells both in short (84 hours) and
long (8 months) term therapy. Moreover, it is of great interests that the down regulatory
effect of OMTR was detected only in HSPAS8 but not in other heat shock protein (HSP)
members like HSP90, HSPA5, HSPA9 and HSPA4 (Wang ¢# al., 2010). So, most likely that
reduced binding of TLQP-21 to the surface of SH-SY5Ycells is due to the down regulation
of HSPAS, the receptor of TLQP-21.

Conclusion

TLQP-21 binds to HSPAS on the surface of SH-SY5Y cells. But when OMTR, an inhibitor
of the expression of HSPAS8 was used, binding of TLQP-21 to the surface of cells
decreased, strongly suggesting that TLQP-21 binding was through HSPAS. Further studies
are required to find out the mode of action of OMTR in HSPA8 down regulation and to
observe the change in protein expressions in OMTR treated vs. Control (without OMTR
treatment) cells using 2D proteomic analysis, that will ultimately unveil or at least give clue
about the mechanism(s) of inhibition of TLQP-21 binding to HSPA8 by OMTR treatment.

Acknowledgements
SA is the recipient of an Erasmus Mundus EXPERTS II predoctoral fellowship.

References
Aguilar, E., Pineda, R., Gaytan, F., Sanchez-Garrido, M. A., Romero, M., Romero-Ruiz, A.
Pinilla, L. (2013). Characterization of the reproductive effects of the Vgf-
derived peptide TLQP-21 in female rats: in vivo and in vitro studies.
Neuroendocrinology, 98, 38—50
79



Akhter M.S. & Requena J.R. (2017). Oxymatrine (an inhibitor of HSPAS) reduces ninding of VGF derived bioactive peptide
tlgp-21 to the sutface of live SH-Sy5y cells. Kbuina University Studies Volume 14 (1 & 2): 71-82

Akhter, S. 2015. Isolation of VGF derived neuropeptide receptor. Ph D Thesis, University
of Santiago de Compostela, Spain

Bartolomucci, A., Possenti, R., Mahata, S. K., Fischer-Colbrie, R., Loh, Y. P., & Salton, S. R.
(2011). The extended granin family: structure, function, and biomedical
implications. Endocrine Reviews, 32 (6): 755-97

Bartolomucci, A., Moles, A., Levi, A., & Possenti, R. (2008). Pathophysiological role of
TLQP-21: Gastrointestinal and metabolic functions. Eat Weight Disorder,
13(3): e49-54

Bartolomucci, A., Corte, G. L., Possenti, R., Locatelli, V., Rigamonti, A. E., Torsello, A.
Moles, A. (2006). TLQP-21, a VGF-derived peptide, increases energy
expenditure and prevents the early phase of diet-induced obesity. Proceedings
of the National Academy of Sciences of the United States of America, 103 : 14584—
14589.

Cai, X., Wang,G. J., Qu,Y., Fan,C. H., Zhang R. Q., &Xu, W. S5.(1997). Clinical efficacy of
oxymatrine in the treatment of chronic hepatitis B. Academic Journal of Second
Military Medical University. 18:47—49

Chakraborty, S., Akhter, S., Requena, J. R., &Basu, S. (2015). Probing the conformational
dynamics of the bioactive peptide TLQP 21 in solution: A molecular
dynamics study. Chemical Biology and Drug Design, 86: 938-944

Chen, Y. C., Pristera, A., Ayub, M., Swanwick, R. S., Karu, K., Hamada, Y.Okuse, K.
(2013). Identification of a receptor for neuropeptide VGF and its role in
neuropathic pain. Journal of Biological Chemistry, 288 (48): 34638-46

Fairbanks, C. A., Peterson, C. D., Speltz, R. H., Riedl, M. S., Kitto, K. F., Dykstra,]. A.
Vulchanova, L. (2014). The VGF-derived peptide TLQP-21 contributes to
inflaimmatory and nerve Injury induced hypersensitivity. Pain.155: 1229—
1237

Fargali, S., Garcia, A. L., Sadahiro, M., Jiang, C., Janssen, W. G., Lin, W. J.,Cero, C. (2014).
The granin VGF promotes genesis of secretory vesicles, and regulates

circulating catecholamine levels and blood pressure. Federation of American
Societies for Experimental Biology(FASEB) Journal, 28: 2120-2133

Hahm, S., Fekete, C., Mizuno, T. M., Windsor, J., Yan, H., Boozer, C. N.Mobbs, C. V.
(2002). VGF is required for obesity induced by diet, gold thioglucose
treatment, and agouti and is differentially regulated in pro-

opiomelanocortin- and neuropeptide Y-containing arcuate neurons in
response to fasting. The Journal of Nenroscience, 22: 6929-6938

Hahm, S., Mizuno, T. M., Wu, T. J., Wisor, J. P, Priest, C. A., Kozak, C. A.,Good, P.
(1999). Targeted deletion of the Vgf gene indicates that the encoded
secretory peptide precursor plays a novel role in the regulation of energy
balance. Newuron 23: 537-548

Hannedouche, S., Beck, V., Leighton-Davies, J., Beibel, M., Roma, G., Oakeley, E. J.,
Bassilana, F. (2013). The identification of the C3a Receptor (C3AR1) as the

80


https://www.google.com.bd/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwig9pW14vrPAhUIMo8KHWxhAT8QFggdMAA&url=http://www.jbc.org/&usg=AFQjCNGAYeOWntnQo_IZ5z6idmvtnhu-UA&sig2=8aSursPED-u_bQZyPPHrwA&bvm=bv.136811127,d.c2I
https://en.wikipedia.org/wiki/Federation_of_American_Societies_for_Experimental_Biology
https://en.wikipedia.org/wiki/Federation_of_American_Societies_for_Experimental_Biology

Khulna University Studies Volume 14 (1 & 2) : 71-82: January-December 2017

target of the VGF derived peptide TLQP-21 in rodent cells. Journal of
Biological Chemistry, 288(38): 27434-43

Jethwa, P. H., Warner, A., Nilaweera, K. N., Brameld, J. M., Keyte, J. W., Carter, W. G,
Barrett, P. (2007). VGF derived peptide, TLQP-21, regulates food intake
and body weight in Siberian hamsters. Endocrinology, 148: 4044-4055

Levi, A., Eldridge, J. D., &Paterson, B. M. (1985). Molecular cloning of a gene sequence
regulated by nerve growth factor. Science, 229(4711): 393-395

Ling, J. Y., Zhang,G. Y., Cui,Z. J., &Zhang.C. K. (2007). Supercriticalfluidextraction of
quinolizidine alkaloids from SophoraflavescensAit and putificationby high-
speed counter-current chromatography. Journal of Chromatography A,
1145:123-127

Muller, S., Monneaux, F., Schall, N., Rashkov, R. K., Oparanov, B. A., Wiesel, P., Zimmer,
R. (2008). Spliceosomal peptide P140 for immunotherapy of systemic lupus
erythematosus: results of an early phase 1l clinical trial. _Arthritise
Rheumatism,58: 3873 — 83

Page, N., Schall, N., Strub, J-M., Quinternet, M., Chaloin, O., Décossas, M.,Muller, S.
(2009). The spliceosomal phosphopeptide P140 controls the lupus disease
by interacting with the HSC70 protein and via a mechanism mediated by y3
T cells. PLoS ONE 4(4): 5273

Pinilla, L., Pineda, R., Gaytan, F., Romero, M., Garcia-Galiano, D., Sanchez-Garrido,
Aguilar, E. (2011). Characterization of the reproductive effects of the
anorexigenic VGF-derived peptide TLQP-21: 7 vivo and in vitro studies in
male rats. American Journal of Physiology Endocrinology and Metabolism, 300: 837-
847

Possenti, R., Eldridge, J. D., Paterson, B. M., Grasso, A., &Levi, A. (1989). A protein
induced by NGF in PC12 cells is stored in secretory vesicles and released
through the regulated pathway. Eurgpean Molecular Biology Organization
(EMBO) Journal, 8(8): 2217-2223

Possenti, R., Muccioli, G., Petrocchi, P., Cero, C., Cabassi, A., Vulchanova, I..Bartolomucci,
A. (2012). Characterization of a novel peripheral pro-lipolytic mechanism in
mice: role of VGF-detived peptide TLQP-21. Biochemicallournal., 441 (1):
511-22

Razzoli, M., Bo, E., Pascucci, T., Pavone, F., D’Amato, F.R., Cero, C. Parmigiani, S. (2012).
Implication of the VGF derived peptide TLQP-21 in mouse acute and
chronicstress responses. Bebavioural Brain Research, 229: 333-339

Rizzi, R., Bartolomucci, A., Moles, A., D’Amato, F., Sacerdote, P., Levi, A.Pavone, F.
(2008). The VGF-derived peptide TLQP-21: A new modulatory peptide for
inflammatory pain. Nexuroscience Letters, 41: 129133

Sagara, Y., Ishida, C., Inoue, Y., Shiraki, H., & Maeda, Y. (1998). 71-kilodalton heat shock
cognate protein acts as a cellular receptor for syncytium formation induced
by human T-cell lymphotropic virus type 1. Journal of Virology, 72: 535-41

81


https://www.google.com.bd/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwig9pW14vrPAhUIMo8KHWxhAT8QFggdMAA&url=http://www.jbc.org/&usg=AFQjCNGAYeOWntnQo_IZ5z6idmvtnhu-UA&sig2=8aSursPED-u_bQZyPPHrwA&bvm=bv.136811127,d.c2I
https://www.google.com.bd/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&sqi=2&ved=0ahUKEwig9pW14vrPAhUIMo8KHWxhAT8QFggdMAA&url=http://www.jbc.org/&usg=AFQjCNGAYeOWntnQo_IZ5z6idmvtnhu-UA&sig2=8aSursPED-u_bQZyPPHrwA&bvm=bv.136811127,d.c2I
http://www.nature.com/emboj/aims_and_scope.html
https://www.google.com.bd/url?sa=t&rct=j&q=&esrc=s&source=web&cd=3&cad=rja&uact=8&ved=0ahUKEwjxuMO51vrPAhXCo48KHZtcBaAQFgglMAI&url=http://www.journals.elsevier.com/behavioural-brain-research&usg=AFQjCNFvGXFg3evhe938lebgV9zjD4rzUw&sig2=1VJc74vkLeDj5S6O6i-4DA&bvm=bv.136811127,d.c2I

Akhter M.S. & Requena J.R. (2017). Oxymatrine (an inhibitor of HSPAS) reduces ninding of VGF derived bioactive peptide
tlgp-21 to the sutface of live SH-Sy5y cells. Kbuina University Studies Volume 14 (1 & 2): 71-82

Sevetini, C., Ciotti, M. T., Biondini, L., Quaresima, S., Rinaldi, A. M., Levi, A., Possenti, R.
(2008).  TLQP-21, a  neuroendocrine  VGF-derived  peptide,
preventscerebellar granule cells death induced by serum and potassium
deprivation. Journal of Neurochemistry, 104: 534-544

Severini, C., La Corte, G., Improta, G., Broccardo, M., Agostini, S., Petrella, C., Bulgarelli, I.
(2009).1n vitro and in vivo pharmacological role of TLQP-21, a VGF-derived
peptide, in the regulation of rat gastric motor functions. British Journal of
Pharmacology, 157: 984-993

Sibilia, V., Pagani, F., Bulgarelli, 1., Mrak, E., Broccardo, M., Improta, G, ........ Guidobono,
F. (2010a). TLQP-21, a VGF-derived peptide, prevents ethanol-induced

gastric lesions: insights into its mode of action. Neuroendocrinology, 92 (3):
189-97.

Sibilia, V., Pagani, F., Bulgarelli, 1., Tulipano, G., Possenti, R., &Guidobono, F. (2010b).
Characterization of the mechanisms involved in the gastric antisecretory
effect of TLQP-21, a vgf-derived peptide, in rats. Awmino Acids,
10.1007/s00726-010-0818-6.

Sibilia, V., Pagani, F., Bulgarelli, I., Tulipano, G., Possenti, R., & Guidobono, F. (2012).
Characterization of the mechanisms involved in the gastric antisecretory
effect of TLQP-21, a vgf-derived peptide, in rats. Awmino Acids, 42 (4): 1261-
8.

Stephens, S. B., Schisler, J. C., Hohmeier, H. E., An, ., Sun, A. Y., Pitt, G. S., & Newgard,
C. B. (2012). A VGF-derived peptide attenuates development of type 2

diabetes via enhancement of islet B-cell survival and function. Ce//
Metabolosm, 16 (1): 33-43.

Stricher, F., Macti, C., Ruff, M., &Muller, S. (2013). HSPA8/HSC70 chaperone protein
structure, function, and chemical targeting. Awutophagy, 9: (12), 1937-1954.

Wang, Y. P., Liu, F., He, H. W., Han, Y. X,, Peng, Z. G, Li, B. W, ........ Jiang, J. D.
(2010).Heatstresscognate70hostprotein as a potential drug target against
drug resistance in hepatitis virus. Antimicrobial Agents & Chemotheraphy,
54(5):2070-7.

Wang, Y. P., Zhao, W., Xue, R., Zhou, Z. X, Liu, F,, Han, Y. X, ...... Jiang, J. D. (2011).
Oxymatrine inhibits hepatitis B infection with an advantage of overcoming
drug-resistance. Antiviral Research. 89(3):227-31.

Zimmer, R., Scherbarth, H. R., Rillo, O. L., Gomez-Reino, J. J., &Muller, S. (2013).
Lupuzor/P140 peptide in patients with systemic lupus erythematosus: a

randomised, double-blind, placebo-controlled phase 11b clinical trial. Annals
of the Rbeumatic Diseases,72: 1830 — 5.

82


http://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20YP%5BAuthor%5D&cauthor=true&cauthor_uid=20176893
http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20176893
http://www.ncbi.nlm.nih.gov/pubmed/?term=He%20HW%5BAuthor%5D&cauthor=true&cauthor_uid=20176893
http://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20YX%5BAuthor%5D&cauthor=true&cauthor_uid=20176893
http://www.ncbi.nlm.nih.gov/pubmed/?term=Peng%20ZG%5BAuthor%5D&cauthor=true&cauthor_uid=20176893
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=20176893
http://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=20176893
http://www.ncbi.nlm.nih.gov/pubmed?holding=&cmd=search&term=Heat+Stress+Cognate+70+Host+Protein+as+a+Potential+Drug+Target+against+Drug+Resistance+in+Hepatitis+B+Virus
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20YP%5BAuthor%5D&cauthor=true&cauthor_uid=21277330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20W%5BAuthor%5D&cauthor=true&cauthor_uid=21277330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xue%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21277330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20ZX%5BAuthor%5D&cauthor=true&cauthor_uid=21277330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20F%5BAuthor%5D&cauthor=true&cauthor_uid=21277330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20YX%5BAuthor%5D&cauthor=true&cauthor_uid=21277330
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jiang%20JD%5BAuthor%5D&cauthor=true&cauthor_uid=21277330
https://www.ncbi.nlm.nih.gov/pubmed/21277330



