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TRHERT 13 1A ANOVA Fisher test
NG —RA—& P value P < 0.05
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LogMAR = logarithm of the minimum angle of resolution; AULCSF = area under the log contrast sensitivity function;
CCT = computer-compatible tape; Log(s) = log (stray light); VFQ-25 = The 25-item National Eye Institute visual function
questionnaire; ANOVA = analysis of variance
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VFQ-25 = The 25-item National Eye Institute visual function questionnaire; ANOVA = analysis of variance
* PRI AR B D Y
T AT & AT L B OBICHRE PRIREZED Y

1 fival & 114 1 0 A OMICHFHFRIAEEED Y

IOtk 18 L% 1 0 A OIS FIEEED Y

(& #]

BRANEO EZ2ERIERE LT, SMKT, B, Z7L7RERFFond. YAG L — —% IR
BREZTHREICLE > TR HBLOREVEE, TNHOAREROKETHD. SREFE X ORGFTIE, i
% 1O R THERDOFEREENRD N, ZhdiEoREE L~ L TWAH[6]. £z, =2 b
T A MEEIZBNTHITHE LE» D AR RUGEZ R UIR L VA F T bICE T 2m AR Lz, FRl2Y
L7 &0 OEER 2 N T A MEESNRNOIEE LEE STV, g LB RE<dEEL, itk
ILAATHLELRDEEEZR L. BERNSZ LT H 0 OFMIER BB REETHL D, ZOERET
Dy hT7ANMNEENELRBEUEN LT EBZLBND. :yb7xb@£i,ﬁﬁmgmmwmwmn
(QOV) ZFHIiCXx A& THVI[7], £z, HEAEEIZET D, BE), FidE, @i ClosnEm e 454
BERE L JEEICWDWEBENR S D Z E BN TWAI8]. =2 kT A MERERIE X, AT RG TH FE A
EOHTIERD HIVTFEBANIAT 5 Z LI K> THREANBEOIRRIFIREDZE LD LB LND.
F7o, BFEEANED YAG L —F — % EUIBMTEREEMN & U CEMS ), IGE, #ELe &%) o aeEt
SNTWVD[9]. xR —o & L TRELDOBF 21T, 8T, BHBEOWTN BIFE 11H A
WCHET LI LERE L. ZhbDZ & I ETHE S L TR FBELRCHT T BELDS IR L 20155 Th

., BT EELORHEE & L CEBIBICHIE T % Optical Quality Analysis System (LLF, OQAS) & =&

BEIZIET S C-Quant 733 5. OQAS £ 4 7 /L /S AHFHFIZ SV TR HUELZ 3] L TV A DIZk L,
C-Quant (THIE kA FI A L CHUELE Td D IR LB 2 17E LT BEL A3 LT 2. S|, JefTaf
%t 1L 0 OQAS CILANAITAIT 7 LA I E T & 720> o TIEBI S ZEAFAE L T2 7o D ARWFGE O RRFIE H 2> B RS L 7.
TAUTHRE ANBE O % EIREE O E DM ONERH 2 B2 b B2 bhd. —J5, C-Quant [EFTHi
DT ECELEEAM 23 /T BE C, HFRTHR PN K EAE 1.54 + 0.25log(s) 7> H1fT#% 1 4 H T 1.27 £ 0.25log(s)~ & A & 72 E
BB BT, [FEROIRNEEEIL 1.20log(s) TH 572D, EFMHIT ECRE L2 ENEETE 5. 2
DI ENLHBEEHNEICKIT 2IRETIE LTC-Quan iZTEHATH S B2 HND. BEORETIX, BN
PG E 1R &1 BEE S 72 < ANBEF IR T Z M LT 5 ICA 2R L b b, %I ANEITS
L CHRBRICAD R IEEIC 2 0 5D Al ietE 2 B 2 T\ 5.

%I\, VFQ-25 IR IR L 72 fd@ B QOL #HIET 2 RETH Y, 4, ZDHEEZHWT YAG

Y — 1% IEUIBHAITRT 2 ORI QOL Z it L7z, A RIOME ClE, VFQ-25 A 1A it: 1l b A

B ORIEICSE U 1 0 A £ CHERF S vz, VFQ-25 1%, AEIEGEICKIT 2L, RAFICLH
REY, LERAY, FRERO7R ARTEAIE OHIRORRE 2 WET 2 FAREN DR S TWD. —F, @RI
BCER 2 oTc. ZTOZ LD, BIEANBIIARICEEL KITIRNEWVW) ZeRnFEXBND. £
KREEDIE, WU AAGEM VFQ-25 Z IV THEGET L 72 ff R, AINFEREEIC X - CTRF ORI QOL 133 L <
EEINTWDD, BNEFIREZITO 2 LIk FENOKIEICSET H 2 & 28E L VFQ-25 DA MME%
FE L7z, A EIORE Db #F AN TR RS QOL FHAMIXIAHRZN R DA R 2 3H 4~ 2 DI IEH
WCHERBRBRELBEZ D ENTES.



B4 OWEIZ L > T YAG L —P—TRENITON T LU SN BEBOR B — SR o T2 S AT
TROMRF L LTHET NS, LnL, UIBHSNI-BREOERD 5Smm LL ER 7V @O ETE IR E L 5
IRV EFRR SN TRV [10], SEIOIEFIZIBWTIET T 5mm LL EOUIFRA Tz, £, SHEIO%KIE
FNBEDOFTHHIC OV CIX A RNZRRENE N7 2 E bR & LTRT o503, AiRMBE G R AT
f& EAS-1000 O X 5 ([ZEBIED @ WA T EIC K DR DN MBELEZ HND.

fham e LT, %IEANRICK LT YAG L — ¥ — % 3ETIBHT AT Ot hetk, HikReds K OVLRBEE QOL
ERRFTLERER, REHEE OFT R TONRT —A—% (), 22 b7 R MR, %5 HGEL, Bi5HGEL, VFQ-25)
D% L ENOAREREENPRDOOND L EBHITHE L VA ETRIZNLTWD Z RSN, EE LR
RN 72 RRE & 7 o T2 B S T, R BIE QOL e L ming H F OGS T Tl MMt clex -
DREDORERFED—2IZ 0B LD EEZ LS.

HWEE : AR DICHIZY, THRY, THEWEE E LS RPIRBI R B E O R, 2%
TERERD, IR EANCE LR U BT ES. £z, FROBITICTH W72 & £ LSRR B
BeRF DS AETT 2, MRERIR D/ S AN OB 2R LET. AWFEO—ERIE, H )l
i (5 36 M) I EETEE) OB EZZITE LIl L2 L TREH#HLET,

(X k]

1. McDonnell PJ, Zarbin MA, Green WR : Posterior capsule opacification in pseudophakic eyes. Ophthalmology.
1983;90:1548-1553.

2. Aron-Rosa D : Use of a pulsed neodymium-Yag laser for anterior capsulotomy before extracapsular cataract
extraction. J Am Intraocul Implant Soc. 1981;7:332-333.

3. Magno BV, Datiles MB, Lasa MS, Fajardo MR, Caruso RC, Kaiser-Kupfer Ml : Evaluation of visual function
following neodymium:YAG laser posterior capsulotomy. Ophthalmology. 1997;104:1287-1293.

4. van Bree MC, van den Berg TJ, Zijlmans BL : Posterior capsule opacification severity, assessed with straylight
measurement, as main indicator of early visual function deterioration. Ophthalmology. 2013;120:20-33.

5. van Bree MC, Zijlmans BL, van den Berg TJ : Effect of neodymium:YAG laser capsulotomy on retinal straylight
values in patients with posterior capsule opacification. J Cataract Refract Surg. 2008;34:1681-1686.

6. Oztas Z, Palamar M, Afrashi F, Yagci A : The effects of Nd:YAG laser capsulotomy on anterior segment
parameters in patients with posterior capsular opacification. Clin Exp Optom. 2015;98:168-171.

7. Cheng CY, Yen MY, Chen SJ, Kao SC, Hsu WM, Liu JH : Visual acuity and contrast sensitivity in different
types of posterior capsule opacification. J Cataract Refract Surg. 2001;27:1055-1060.

8. Leat SJ, Woodhouse JM : Reading performance with low vision aids: relationship with contrast sensitivity.
Ophthalmic Physiol Opt. 1993;13:9-16.

9. Wakamatsu TH, Yamaguchi T, Negishi K, Kaido M, Matsumoto Y, Ishida R, Kojima T, Ibrahim OM, Saiki M,
Dogru M, Tsubota K : Functional visual acuity after neodymium:YAG laser capsulotomy in patients with
posterior capsule opacification and good visual acuity preoperatively. J Cataract Refract Surg. 2011;37:258-264.

10. Aslam TM, Dhillon B : Neodymium:YAG laser capsulotomy: a clinical morphological analysis. Graefes Arch

Clin Exp Ophthalmol. 2002;240:972-976.
TERCH : 201544 A 10 H



Development of HPLC determination and transdermal penetration
of three Vitamin C derivatives
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Abstract:

Vitamin C has many functions as a cosmetic ingredient including skin lightening promoting collagen synthesis and
inhibiting lipid peroxidation. However, because of its poor penetration of the skin and its instability in formulations,
many kinds of derivatives have been synthesized to overcome the short-coming of vitamin C. In this present study, three
rapid HPLC methods were developed for the assay of the different vitamin C derivatives, including 3-o-cetyl ascorbic
acid, ascorbyl dipalmitate and ascorbyl tetraisopalmitate. In addition, the solubilizer, polyoxyethylene 40 stearate,
increased the solubility of the three derivatives, but did not interfere with their HPLC analysis. In vitro skin permeation
study showed that among the formulations of vitamin C and its derivatives with or without solubilizer, ascorbyl
tetraisopalmitate exhibited best percutaneous absorption, suggesting its potential use as a substitute of vitamin C in skin
care and dermopathic therapy.

Keywords:
Vitamin C derivative, HPLC determination, transdermal permeation, skin content

1. Introduction

The use of L-ascorbic acid (vitamin C) for topical application is not a new procedure. It has been used in
pharmaceutical and cosmetic preparations for a long time on the basis of its many favorable effects on the skin ™,
However, free vitamin C is unstable, being easily oxidized and inactivated when exposed to air, and it also cannot
penetrate across the skin because of its hydrophilicity %,

Some marketed products containing unstable free vitamin forms need great investments in specific methods of
packaging and containers and have short shelf-lives. Therefore, more stable and safer new delivery systems, such as
microemulsions, microcapsules, nanospheres, liposomes ! as well as the use of ester derivatives such as magnesium
ascorbyl phosphate (PMG) and sodium ascorbyl phosphate (water-soluble derivatives) and ascorbyl-6-palmitate and
tetra-isopalmitoyl ascorbic acid (IP) (liposoluble derivatives) are attempted to prolong formulation stability and are
increasingly substituting the use of vitamin C free form ™ . Moreover, liposoluble derivatives such as IP are able to
better penetrate the skin [1] and have increased stability when compared to vitamin C free form !,

3-O-Cetyl ascorbic acid (Cetyl), an oil-soluble vitamin C derivative, can improve quality and structural properties of
collagen in skin, help to organize collagen fibers in perfect bundles, and boost collagen type I synthesis ['l. Ascorbyl
dipalmitate (CP), oil soluble vitamin C derivative with anti-aging effect, ability of boosting HSP47 expression in skin
and promoting collagen synthesis ¥, is also a more stable form of ascorbic acid and has been used successfully in
several formulations ®%. Tetra-isopalmitoyl ascorbic acid (IP), an oil-soluble vitamin C derivative with improved
percutaneous absorption and stability, and ability of preventing lipid peroxidation, promoting collagen synthesis ™, is
the first lipoidic-liquiform vitamin C derivative by itself in cosmetic formulations. Ochiai et al. ™ demonstrated 84%
liberation of vitamin C by the derivative in reconstructed skin. IP, which has already been widely used as an additive in



cosmetic formulations, has also been approved as “‘quasi drugs™ by Japanese authorities. Using these vitamin C
derivatives seems promising in skin care and dermopathic therapy, as a result, it’s essential to quantitatively analyze
these derivatives and evaluate their skin penetration ability. However, no method has been reported in literature for the
quantitative analysis and skin penetration of Cetyl. In addition, few studies have been examined on the determination of
IP and CP 110131,
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Scheme 1 The structures of vitamin C (A), Cetyl (B), CP (C) and IP (D)

Table 1 The information of vitamin C and its derivatives.

Abbreviation Full name Formula Molecular weight ~ Property
Ve Ascorbic Acid / Vitamin C CsHgOs 176.12 hydrophilic

Cetyl 3-O-Cetyl Ascorbic Acid CooHa006 400.55 lipophilic

CP Ascorbyl Dipalmitate C3gHgsOg 652.95 lipophilic

IP Ascorbyl Tetraisopalmitate C;oH128010 1229.76 lipophilic

Because all of Cetyl, IP and CP are hydrophobic with poor aqueous solubility, therefore, it’s necessary to develop
feasible formulations for them to compare their skin penetration with vitamin C. Polyoxyethylene 40 stearate (Myrj 52),
as the nonionic surfactant with a HLB value of 16.9, is freely soluble in water. It was used as a carrier to improve the
dissolution of hydrophobic agents, such as cyclosporin A, griseofulvin, tolbutamide and indomethacin ™4, It was used
as well as in some transdermal drug delivery system ™! such as emulsified gel and nanoliposome, to increase the
solubility, promote emulsification and control stability during a shelf life of hydrophobic and unstable agents 67,

Based on the previous findings, the present study was aimed to develop the simple, reproducible and selective



HPLC methods for three different vitamin C derivatives, Cetyl, IP as well as CP. The aqueous formulations of these
compounds were prepared with or without Myrj 52, and evaluated their penetration ability across the rat abdominal skin
compared with vitamin C.

2. Materials and methods
2.1. Reagents

L (+)-ascorbic acid was obtained from Wako Pure Chemical Industries (Osaka, Japan). 3-O-CETYL, VC-CP and
VC-IP were obtained from Nikkol Chemicals Co., Ltd. (Tokyo, Japan). Isopropanol, acetonitrile and methanol were
HPLC grade, and obtained from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). Myrj 52 was obtained from
Sigma-Aldrich Co., Ltd. (St. Louis, MO, USA). All other chemicals were of analytical grade.

2.2. High-performance liquid chromatography (HPLC) method study

The HPLC method was performed using an equipment (Shimadzu® Corporation, Japan) consisted of a solvent
delivery system, an auto injector fitted with a 20 PUL loop, an online degasification system, a column thermostat oven
and an UV/VIS photodiode array detector. The output signal was monitored and integrated using HPLC CBM-20A
software (Shimadzu ® Co. Ltd., Japan). Separations were carried out on a HILIC column (4.6 x 150 mm I.D;
COSMOSIL®, Japan) or a 5C18-AR-2 column (4.6 x 150 mm 1.D.; COSMOSIL®, Japan) and isocratically eluted with
corresponding mobile phase. The mobile phase was prepared fresh each day and vacuum-filtered through a 0.45 pum
pore filtration membrane (Millex ® HV: Millipore, Milford, CT, U.S.A.).Standard solutions were prepared in
corresponding mobile phase, and stored in the dark at 4°C. Calibration curves were performed in the range of 10-500

pg/ml.

2.3. In vitro permeation studies

For in vitro skin permeation studies, Franz diffusion cell method was used. Vitamin C, Cetyl, CP and IP were
prepared in the phosphate buffer saline (PBS, pH 7.4) with or without Myrj 52, and adjusted to pH 5 to yield a final
concentration of 10 mg/ml. The concentration of Myrj 52 in the donor solution was 0, 2, and 10% (w/v) to study the
effects of solubilizer.

Male Wistar rats (8 weeks old, 250g) were anesthetized with an intraperitoneal injection of sodium pentobarbital (40
mg/kg). The hair of the abdominal skin was carefully shaved, and then rats were sacrificed using procedures approved
by the Experimental Animal Ethics Committee of Kyoto Pharmaceutical University. Thereafter, skin specimens were
freshly excised from the abdominal region of the rats. After the subcutaneous fat was removed, the skin was cleaned
with normal saline (NS) and frozen and stored at -20°C until use. The required pieces of skin were thawed at room
temperature for 30 min before the skin permeation experiment.

For permeation studies, a piece of excised rat skin was mounted on a Franz-type diffusion cell with the stratum
corneum facing the donor compartment. The donor compartment (0.5 ml) contained 10mg/ml Vitamin C, Cetyl, CP or
IP in PBS with or without Myrj 52. The receptor compartment was filled with the same buffers as the donor but without
vitamin C, Cetyl, CP or IP. The available diffusion area of the cell was 0.95 cm? The receptor compartment was
maintained at 32 °C using a thermally controlled circulating water bath, and the contents were stirred with a magnetic
bar. The length of the sampling period was 24h.

After the permeation studies, skin was cut to small pieces and homogenized. In addition, Cetyl was extracted by
methanol, and CP was extracted by ethanol. The mixture was centrifuged at 7,000 rpm for 30 min. Then 250 ul of the
supernatant was mixed with 250 pl of mobile phase. The solution was vortexed for 10 s and centrifuged at 12,000 rpm
for 5 min. Finally, 10 pl clear supernatant of each sample was analyzed by HPLC. For IP, after homogenizing and
centrifuging at 7,000 rpm for 30 min, 1ml of the permeation sample was mixed with 1ml ethanol, and evaporated at
70°C to remove the aqueous solvent. After redissolving by 1ml HPLC mobile phase, the resulting organic solution was
centrifuged at 12,000 rpm for 5 min. Thereafter, 10 pl clear supernatant of each sample was analyzed by HPLC.



2.4. Statistical analyses
Results are expressed as the mean £ S.D. of at least three experiments. Statistical significances between groups were
analyzed using Dunnet’s test and T-test; p <0.05 was considered to be significant.

3. Results
3.1. HPLC method study

As shown in Table 2 and Figure 1, the simple, reproducible and selective HPLC methods for V¢ derivatives were
established. For Vc, chromatographic separation was performed using a HILIC column (4.6 x 150 mm I.D;
COSMOSIL®, Japan) at 30°C. The mobile phase was acetonitrile / 0.1M ammonium acetate (60/40, v/v) at a flow rate
of 1.0 ml/min. The wavelength of the UV detector was set at 265 nm. The retention time was approximately 11 min, and
the calibration curve range was from 10 to 500 pg/ml for Vc (R?= 0.9999). For Cetyl, CP and IP, chromatographic
separation was performed using a 5C18-AR-2 column (150 x4.6mm, COSMOSIL®, Japan) with UV detection at 246
nm, 240 nm and 222 nm, respectively. As mobile phase, methanol and ultrapure water (85/15, v/v), methanol and 0.1%
TFA (98/2, viv), and methanol and isopropanol (40/60, v/v) were used, respectively. The retention times were
approximately 13.5 min, 8.5 min and 5.7 min, respectively. The calibration curve range was from 10 to 500 pg/ml,
respectively, and R? ranged from 0.999 to 1.
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Figure 1 the HPLC spectra of V¢ and its derivatives

Table 2 HPLC conditions of V¢ and its derivatives

Compounds Column Mobile phase Flow rate A RT
(VIV) (ml/min) (nm)  (min)

V¢ HILIC Acetonitrile : Ammonium 1 254 9.4
(150 x4.6mm) Acetate (0.1 M)=80:20

Cetyl 5C18-AR-2 Methanol : KH,PO, (0.05 1 246 13.5
(150 x4.6mm) M,pH=35)=85:15

IP 5C18-AR-2 Methanol : Isopropanol = 1 222 5.7
(150 x4.6mm) 40: 60

CP 5C18-AR-2 Methanol : TFA (0.1%, pH 1 240 8.5
(150 x4.6mm) =23)=98:2

3.2. In vitro permeation studies

The amounts of Vc and its derivatives remaining in the skin were analyzed after the permeation studies. Figure 3
showed the skin content of V¢ and its derivatives by percentage of the initial concentration in the donor. We found the
skin content of IP without Myrj 52 was highest (10.5 = 0.48%), followed by Cetyl with 2% Myrj 52 (7.43 £ 0.13%), IP
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with 10% Myrj 52 (5.78 £ 0.79%), and IP with 2% Myrj 52 (5.53 + 0.99%), respectively, which significantly increased
the skin content as compared with V¢ (0.82 + 0.14%). They increased the skin retention by12.96, 8.15, 7.90 and
6.74-fold, respectively, as compared with V¢ without Myrj 52.

12 +
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Figure 2 Skin content of V¢ and its derivatives with or without 2-10% Myrj 52.
Note: Results are expressed as the mean = S.D. of at least 3 experiments. *p < 0.05 were considered to be statistically
significant compared with the V¢ without Myrj 52 group.

4. Discussion

In the present study, we developed three rapid HPLC methods for the determination of 3 different vitamin C
derivatives and the methods presented good linearity and selectivity. Because of the different structures and properties
among Cetyl, CP and IP, their determination methods were different in mobile phase, pH, wavelength and retention time.
In addition, the solubilizer, Myrj 52, had no UV absorption from 210 to 270 nm; therefore, it did not interfere with the
HPLC analysis of vitamin C derivatives.

Even though, our results showed the Cetyl and IP penetrated the skin more than Vc in vitro, suggesting their
potential use as the substitutes of vitamin C in skin care and dermopathic therapy, however, the rate of their conversion
to Vc and in vivo skin penetration ability need further study.
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The Possible Role of RapGEF2 in CADML1 Overexpressed
Human Non-small Cell Lung Cancer
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Abstract:

Obijective: Cell adhesion molecule 1 (CADM1) has been identified as a tumor suppressor in many human tumors
including non-small cell lung cancer (NSCLC). The expression of CADML1 is lost in most of the lung cancer cell lines,
however, in some specific lung cancer cells, CADML1 still maintains high expression. Our previous study found that
RapGEF2 showed high co-expression with CADMZ1 in some specific lung cancer cells. Thus the present study is to
investigate the possible roles of RapGEF2 in CADM1 overexpressed human non-small cell lung cancer.

Methods: Transwell migration assay and active Rapl pull-down assay were performed in H1838 cells to detect the roles
and mechanism of CADM1 and RapGEF2 in tumor migration, with or without knocking down CADM1 and RapGEF2
respectively. The survival assay was conducted to analyze the roles of CADM1 and RapGEF2 in patient prognosis.
Results: The cell migration was significantly suppressed after knocking down RapGEF2, while merely knocking down
CADML1 had no significant influence on tumor cell migration compared to the control cells. Besides, the cell migration
showed no significant difference in the presence of RapGEF2 with or without the expression of CADM1, while in the
absence of RapGEF2, the cell migration was remarkably inhibited with CADM1 expression. Accordingly, the Rapl
activity was significantly decreased when RapGEF2 expression was blocked. Patients with high CADM1 expression
showed better prognosis than the low expression group in the absence of RapGEF2, however, high CADM1 expression
played no significant role in the prognosis with the presence of RapGEF2.

Conclusion: The present study indicated that RapGEF2 may play an oncogenic role in CADML1 overexpressed NSCLC

cells.

Key words:
CADML1, RapGEF2, Rap1, NSCLC, adhesion, migration.

Introduction:

Lung cancer is the leading cause of cancer death in many developed countries, including the United States and
Japan [1]. The cell adhesion molecule 1 (CADML1) has previously been identified as a tumor suppressor in human
non-small cell lung cancer (NSCLC) [2]. Being involved in mediating cell-cell adhesion in calcium-independent
manner, CADML is also involved in epithelial cell structure, as suppression of CADM1 in HEK293 by siRNA results in
loosing of epithelial-like structure and changing to flat morphology of cells with immature cell adhesion patterns [3].

Goto et al has pointed out that in lung cancer cells, loss of CADML1 expression was associated with lower patient
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survival [4]. They discovered that although CADML1 lost its expression in most of the lung cancer cells, it was still
highly expressed in some particular cancer cells. And the mechanism of CADML1 actions in such cancer cells is still
unclear.

Our previous study found through microarray assay that, in some lung cancer cell lines, Rap-specific Guanine
Nucleotide Exchange Factor 2 (RapGEF2) indicated a strong co-expression with CADM1. RapGEF2 is a member of the
RAS subfamily, specifically activating Rapl by GTP-bounding. RapGEF2 is involved in the development of the
neuronal migration [5]. In recent years, Rapl, which is a member of the RAS subfamily, has been found to be
associated with many tumors, including melanoma, prostate cancer, thyroid tumor and breast cancer [6-9]. Rapl
localizes at the junctions in epithelial and endothelial cells to regulate cell-cell adhesion and cell-extracellular matrix
adhesion [10]. Both CADML1 and Rap1 are involved in mediating the adhesion process, which is the key step for tumor
development. An increase or decrease in the adhesion of tumor cells to neighboring tumor or host cells, extracellular
matrix and endothelial cells may occur at different stages of tumor development and progression [11]. Till now, the role
of RapGEF2-Rapl signaling pathway in human lung cancer is still unclear.

The objective of the present study is to investigate the possible roles of CADM1 and RapGEF2 in human non-small
cell lung cancer. We found that CADM1 expression may suppress the tumor cell migration with the absence of
RapGEF2; besides, the cell migration could be significantly suppressed by knockdown of RapGEF2, possibly by
decreasing Rap1l activity, yet still other mechanisms could not be excluded. Furthermore, the patient prognosis is much

better with the presence of CADML1 expression in the RapGEF2 negative group.

Materials and Methods:

Protein expression profile of 41 non-small cell lung carcinoma (NSCLC) cell lines: We used the microarray analysis
data of 41 cell lines, including 35 adenocarcinoma cell lines(H23, H292, H358, H441, H522, H596, H650, H1395,
H1648, H1650, H1651, H1703, H1781, H1793, H1838, H1975, H1993, H2009, H2087, H2228, H2405, HCC827,
HCC4006, Calu-3, A549, ABC-1, PC3, PC9, VMRC-LCD, RELF-LC-Adl, RELF-LC-Ad2, HLC-1, LC-2/ad,
RERF-LC-KJ, and L27), 4 large cell carcinoma cell lines (Lu65, H460, H661, and H1299), and one adenosquamous
cell carcinoma cell line (H596)

Cell lines and antibodies: The H1838 cells were maintained in RPMI 1640 with 10% fetal bovine serum (FBS) and 1%
antibiotics in a humidified atmosphere with 5% carbon dioxide and 95% air. The antibodies used in this study were
summarized in Supplementary Table 1.

RNA interference  studies: The siRNA oligonucleotides targeting CADM1 was (5° to 37):
CTGGCCCTATTTAGATGATAA. The siRNA sequences targeting RapGEF2 were synthesized by Invitrogen. The
sequence of RapGEF2-#1 was (5°t03’): AUG UUU CCU GGU UAAUGAC.

Western blotting analysis: Cells were grown to confluence, collected, and then lysed with the lysis buffer. Supernatants
were collected and protein concentrations were measured using the Bio-Rad protein assay. Samples were denatured,
applied to an acrylamide gel followed by electrophoresis, and then transferred onto a PVDF membrane. The membrane
was blocked in 3% skimmed milk solution or 5% Bull Serum Albumin (BSA), and was incubated firstly with specific
antibodies and then with secondary antibodies. Protein bands were visualized using enhanced chemiluminescence with
a protein-blotting detection method (GE Healthcare).

Rapl activity assays: The levels of activated Rapl were determined using pull-down assays with a glutathione

S-transferase (GST) fusion of the Ras-binding domain of RalGDS. The Active Rapl Pull-Down and Detection Kit was
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from Thermo Scientific

Cell migration assay: The cell migration was analyzed by transwell migration assay. Briefly, after cells were transfected
with siRNA for 72 h, cells were detached with trypsin, and 1x10° cells were placed into the upper chamber of the
transwell, each chamber filled with 500 ul RPMI 1640 without FBS. The lower wells contained 750 ul of RPMI 1640
medium with 10% FBS. The cells were allowed to migrate for 24 h at 37°Cand the cells on the underside of the
membrane were counted. Each sample was in triplicate.

Statistical analysis: Differences in mean values between the groups were analyzed by the Student’s t-test.
Disease-related survival was from the date of surgical resection to the date of death due to lung adenocarcinoma or the
date when the patients were last known to be alive. Survival curves were estimated by the Kaplan-Meier method.

P<0.05 was considered to be significant.

Results:
Expression pattern of CADM1 and RapGEF2 in 41 human lung cancer cell lines

Protein microarray analysis was conducted in 41 human lung cancer cell lines, and RapGEF2 showed a strong
co-expression with CADML1 in several particular cell lines (Fig. 1). CADML1 has been identified as a tumor suppressor
in NSCLC, and its expression was usually lost in most of the cancer cell lines, however, in some specific cell lines
CADML1 still maintains high expression. The results indicated that RapGEF2, which co-expressed with CADML1 in
some particular lung cancer cell lines, might have played some specific roles in lung cancer.

The roles of RapGEF2 and CADML in regulating cell migration in H1838 cells

As CADM1 has been identified as a tumor suppressor in NSCLC, the CADM1 expression is usually lost in tumor
cells. However, in some tumor cells, CADM1 maintains high expression along with RapGEF2. In order to explore the
possible roles of RapGEF2 and CADML in such lung cancer cell lines, the cells that express both CADM1 and
RapGEF2 were selected. The H1838 cells were used to perform the transwell migration assay. RapGEF2 expression
was silenced by siRNA, with or without knockdown of CADM1 (Fig. 2a). The results indicated that when RapGEF2
expression was blocked, CADML1 played a remarkable role in suppressing tumor cell migration; while in the presence
of RapGEF2, the suppressive role of CADML1 in tumor migration was not significant (Fig. 2b).

These results suggested that RapGEF2 may play the role of stimulating tumor cell migration, and also may block
the suppressive role of CADM1 in regulating tumor cell migration.
Rap1 activity was regulated by knockdown of CADM1 and RapGEF2:

As RapGEF2 could specifically activate Rapl, and Rapl activation could mediate tumor cell migration and
metastasis [6-8], it is interesting to investigate whether RapGEF2 regulates tumor cell migration through Rapl
activation. Active Rapl Pull-Down Assay was performed in H1838 cells with or without knockdown of CADM1 and
RapGEF2 (Fig.3a).The results showed that when RapGEF2 expression was blocked, Rapl activity was significantly
decreased compared with the control cells, and there was remarkable difference in Rapl activity between CADM1
positive and negative groups (Fig. 3b). The results were in consistence with the transwell migration assay, which
indicated that RapGEF2 may play the role of promoting cell migration through activating Rap1.

Roles of RapGEF2 and CADML1 in patient prognosis:

In order to analyze the roles of RapGEF2 and CADML1 in patient prognosis, we conducted the survival analysis. The

patients were divided into RapGEF2 low-expression (n=223) and high-expression (n=220) groups. In RapGEF2 low

expressed cases, the patients with high CADM1 expression (n=69) had significantly better prognosis than patients with
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low CADM1 expression (n=154); while in RapGEF2 high expressed cases, CADM1 had no effect on the prognosis (Fig.
4). These results were in consistence with the migration assay, that the suppressive role of CADML1 in tumor cell

migration may be inhibited by RapGEF2.

Discussion:

In the present study, we identified the possible roles of RapGEF2 in CADM1 high expressed lung cancer cells. In
particular, we found that RapGEF2 may promote tumor cell migration possibly by activating Rapl; still, other
mechanisms should not be excluded. Our data indicated that in the absence of RapGEF2, CADML1 high expression may
inhibit tumor cell migration by blocking Rap1 activation, and the patient prognosis turned out to be significantly better
than those with low CADM1 expression. With the presence of RapGEF2, the suppressive role of CADM1 in regulating
cell migration was blocked, and Rap1 activity did not show any difference when CADM1 was knocked down compared
with the control cells. Besides, the patient prognosis maintained the same between CADM1 high expression and low
expression cases in the presence of RapGEF2.

Rapl was first identified as a protein that could revert the morphologic phenotype of Ras-transformed cells,
suggesting that Rapl either mediated growth-inhibitory signals or interferes with Ras-effector signaling [12]. However,
later studies suggested that Rapl delivers an oncogenic signal, by which Rapl could enhance cell adhesion and
migration and activate survival pathways [13, 14]. In recent years, many studies have focused on the roles of Rapl in
cancers [6-9], and the results suggested that the roles of Rapl in cancers are quite cell-specific. It may be partly because
in tumor cells, Rapl is activated by different stimulators. Although finally activating Rap1, different stimulators may
exert different influences on cancer cells. Lyle et al has reported that Epacl-Rapl signaling pathway could suppress cell
migration in MDCK, A549 and RCC10 cell lines [15], while thrombin elicits a sustained increase in Rapl activation,
which is required for integrin signaling and proliferation of glioblastoma cells [16]. In addition, the various Rapl
downstream effectors may also lead to various outcomes. Thus, the roles of Rapl in tumor cells depend on both cell
types and environment context. By now, we are the first to examine the role of RapGEF2-Rapl pathway in human lung
cancer cells.

Loss of CADM1 expression has been reported in various cancers. In human lung adenocarcinoma cell line, A549,
functional restoration of CADM1 expression could inhibit the tumor formation [17]. However, Goto et al found that in
some specific lung adenocarcinoma subtypes, CADM1 maintains high expression [4]. What is the possible role of
CADML1 in these subtypes? In the present study, RapGEF2 was found to co-express with CADML1 in some lung cancer
cell lines, and RapGEF2-Rap1 signaling pathway may participate in the process. We suggest that RapGEF2 may inhibit
the suppressive role of CADML in regulating tumor migration by activating Rapl. This result is not consistent with that
in A549 cells [15], in which Rapl activation could suppress cell migration, although both H1838 and A549 are lung
cancer cell lines. One explanation is that there are different cell context and stimulators between the two cell lines. On
one hand, CADM1 expression is lost in A549 cells, while it is highly expressed in H1838 cells; on the other, Epac-Rapl
instead of RapGEF2-Rapl signaling pathway mainly elicits the downstream functions of Rapl in A549 cells. Still,
further study on RapGEF2-Rap1 signaling pathway in other cell lines should be encouraged.

In conclusion, the current study indicated the possible roles and mechanism of RapGEF2 in CADM1 highly
expressed lung cancer cell lines. The RapGEF2-stimulated Rapl activation was shown to contribute to cancer cells
migration. In RapGEF2 high expression cases, the suppressive role of CADML1 in lung cancer was inhibited. Taken

together, these data indicate that RapGEF2 may play an oncogenic role in human lung adenocarcinoma.
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Figurel. RapGEF2 co-expressed with CADM1 in some lung cancer cell lines. Protein microarray assay was
performed using 41 lung adenocarcinoma cell lines.

Figure 2. The roles of RapGEF2 and CADML1 in regulating tumor cell migration. (a) H1838 cells were transfected
with siRNA RapGEF2 and siRNA CADM1 respectively, and the levels of RapGEF2 and CADM1 were tested by
western blotting analysis 72 h later. (b) Transwell migration assay was perfomed in H1838 cells. After knockdown of
RapGEF2 and CADMZ1 respectively, cells were placed into the upper chamber, and the cells migrated toward a lower
chamber containing media with 10% FBS and were assessed after 24 h. The data represent results pooled from three
independent experiments with at least three replicates each, and are plotted as te ratio of the number of migrated cells

versus that of control cells. **, p<0.01; *, p<0.05.
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Figure 3. The roles of RapGEF2 and CADML in regulating Rapl activity. (a) H1838 cells were transfected with
SiRNA RapGEF2 and CADM1. The cell lysates were analyzed in a pull-down assay using a GST fusion of the activated
Rap1-bingding domain of RalGDS. The levels of precipitated Rapl were determined by western blotting analysis using
an anti-Rap1 antibody. Levels of Rap1-GTP, total Rapl and GAPDH were detected by western blotting analysis. Data
are from a single experiment that is representative of three separate experiments. (b) Data are plotted as the ratio of the
amount of Rap1-GTP versus that of total Rapl. The data represent results pooled from three independent experiments.
** p<0.01; *, p<0.05.

Figure 4.The survival curves according to RapGEF2 and CADML1 expression. Patients were classified into two
groups according to their RapGEF2 expression: RapGEF2-low cases (n=223), and RapGE2-high cases (n=220). In each
group, the prognosis was assessed between CADM1 high expression and low expression cases.

Supplementary Table 1: List of antibodies used in this study.

Antibody | Name | Company Species Purpose (Concentration)
RapGEF2 | 1E8 Abnova Mouse mAb WB (1:500)

CADM1 | C18 MBL Rabbit pAb WB (1:10000)

Rapl Thermo Scientific | Rabbit mAb WB (1:1000)

GAPDH | 6C5 Millipore Mouse mAb WB (1:10000)

WB: western blotting; mAb: monoclonal antibody; pAb: polyclonal antibody.
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Analysis of CD72 binding with sulfated glycans
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Abstract:

In B cells (B lymphocytes), the B-cell receptor (BCR) co-receptor CD72 functions as a negative regulator of BCR
signaling, and the polymorphism of CD72 is associated with autoimmune diseases. CD72 contains C-type lectin-like
domain (CTLD) in its extracellular domain although the lectin activity had not been demonstrated. Recently the study in
our laboratory showed that CD72 had a lectin activity to several sulfated ligands using glycan array technique. In this
study, we aimed to clarify the binding ability of CD72 with sulfated glycans.

The recombinant Avi- and His-tagged CTLD of CD72 protein was expressed using Escherichia coli (E. coli)
expression technique. As the protein was divided in inclusion bodies, the expressed protein was denatured. To make the
protein functional, the denatured protein was refolded by on-column refolding technique and purified by affinity
chromatography using His-tag binding beads. The recombinant protein was used to examine binding activity to various
glycans (dextran sulfate, dextran, heparin, chondroitin sulfate A/B/C and hyaluronan) by ELISA. Among the glycans
examined, heparin and chondroitin sulfate B showed strong binding with CD72 protein, and CD72a showed higher
binding with these two ligands than CD72c.

Then, to investigate biological function of interaction between CD72 and glycan ligand, WT and CD72KO mice
were immunized with platelet factor 4 (PF4)/heparin complex and antibody production against the complex was
examined. Heparin-induced thrombocytopenia (HIT) is a life-threating thrombotic disease caused by antibodies to the
complex consisting of heparin and PF4. As CD72 showed binding activity to heparin, we hypothesized that CD72
binded to heparin and inhibited production of anti-PF4/heparin antibodies.

First the recombinant PF4 protein was prepared using E coli expression methods, then the WT and CD72KO mice
were immunized with PF4/heparin complex by intravenous retro-orbital (IV-RO) or intraperitoneal (IP) injection. We
immunized the mice under several conditions, but unfortunately none of the mice immunized showed antibody
production against PF4/heparin in this study.

Taken together, we revealed that CD72 CTLD had binding affinity to several sulfated glycan in vitro. The biological
function of interaction between CD72 and glycan ligand is under investigation.

Key Words:
B cell, CD72, sulfated glycan, heparin induced thrombocytopenia

Introduction:

B cells are a type of lymphocytes playing an important role in the humoral immunity of the adaptive immune system.
B cells are distinguished from other lymphocytes like T cells and NK cells by the presence of B-cell receptor (BCR) and
ability of antibody production. When B cells interact with antigens, BCR mediates signal transduction that triggers
antigen recognition (1). Several co-receptors located on the B-cell surface modulate this BCR signaling positively or
negatively (2). CD72 is a 45-kDa type Il membrane protein expressed on the surface of B cells and known to be
negative regulator of BCR signaling. CD72 contains a C-type lectin-like domain (CTLD) in the extracellular region (3),
and recently we revealed that the CTLD domain had lectin activities especially to sulfated glycans using glycan array
technique. Therefore we hypothesized that inhibitory activity of CD72 to BCR signaling was regulated by glycan
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ligands so that CD72 was responsible for the control of immune response against sugar ligands in some autoimmune.

In the current study, recombinant protein of CD72 CTLD was prepared and the reactivity of the recombinant protein
to several glycans were examined by ELISA. Then to investigate whether autoantibody production against heparin, a
kind of sulfated glycan, was regulated by CD72 in vivo or not, WT and CD72 deficient (CD72KO) mice were
immunized with a mixture of heparin and platelet factor 4 (PF4) and antibody production was analyzed

Methods:
Purification of Avi-and His-tagged mouse CD72CTLD protein

The expression plasmid for production of Avi- and His-tagged CD72CTLD was prepared previously in our
laboratory. Escherichia coli (E coli) cells containing the biotin ligase (birA) gene on a plasmid, BL21AI-BirA, was
transformed with the expression plasmid and the transformants were cultured in LB medium containing 30 pg/mL
kanamycin and 10 ug/mL chloramphenicol. When the optical density (OD) at 600 nm reached to 0.4, protein expression
was induced by 1 mM IPTG and 0.2 % arabinose in the presence of 50 uM D-biotin for 12 hours at 18 °C. During the
protein induction, both BirA and AviHisCD72CTLD proteins were allowed to be co-expressed and AviHisCD72CTLD
was subsequently biotinylated by BirA.

The cells were then harvested and suspended in lysis buffer (50 mM Tris-HCI (pH 8.0) containing 150 mM NacCl,
0.5 % TritonX-100, and 2 mM DTT) and sonicated on ice. After washing with lysis buffer without TritonX-100, the
inclusion bodies were suspended in denaturing buffer (50 mM Tris-HCI (pH8.0) containing 6 M guanidine-HCI and 150
mM NacCl) and sonicated on ice. After addition of 40 mM DTT, the suspention was incubated at 37 °C overnight to
denature misfolded structure completely and to reduce mismatched disulfide bounds. The suspension was then
centrifuged and the supernatant filtered with 0.8 um pore-size membrane was mixed with histidine binding beads
(His-accept beads, Nacalai tesque) for 45 min at 4 °C. The mixture was applied onto chromatography column and
refolded by passing through the refolding buffer (50 mM Tris-HCI (pH 8.0) containing 150 mM NaCl, 400 mM sucrose,
400 mM L-arginine, 5 % glycerol, 5 mM reducd-glutathione, and 0.5 mM oxidized-glytathione). Then the AviHisCD72
CTLD proteins were eluted with elution buffer (50 mM phosphate buffer (pH 8.0) containing 300 mM NaCl and 250
mM imidazole) from the beads. The eluted protein was analyzed by SDS-PAGE (12 % acrylamide gel) followed by
staining with CBB G250.

Purification of mouse PF4 protein

The plasmid for producing mouse PF4 protein (mPF4), pT7-7 vector containing mouse PF4 gene was introduced
into an E coli strain, BL21(DE3), by heat shock methods and the transformed cells were cultured in LB medium in a
presence of 100 pg/mL ampicillin and 1 mM IPTG at 18 °C for 20 hours to induce mPF4 protein expression. The
harvested cells were suspended in sonication buffer (50 mM Tris-HCI (pH8.0) containing 1 mM EDTA, 50 mM Nacl,
100 pg/mL lysozyme, 1 mM PMSF, and 0.5 % sodium deoxycholate) and sonicated on ice. Then 0.1 % TritonX-100
was added and incubated at 4 °C for 1 hour. After insoluble materials were removed by centrifugation, the supernatant
was mixed with heparin-agarose beads (Sigma-Aldrich) at 4 °C overnight. The mixture was loaded onto the
chromatography column and mPF4 protein was eluted with elution buffer (10 mM Tris-HCI (pH8.0) containing 1 M
NaCl). The eluted protein was analyzed by SDS-PAGE (15 % acrylamide gel) followed by CBB staining.

ELISA

For analysis of binding affinity of CD72 toward various glycan ligand, ELISA was performed as follows. 96-well
ELISA plate ( Greiner bio-one ) was coated with 10 ug/ml Poly-L-Lysine (PLL) for 2 hours at room temperature (RT)
and the 30 ug/ml of following glycans were immobilized on the PLL-coated plates; dextran sulfate, dextran, heparin,
chondroitin sulfate A/B/C, or hyaluronan. After blocking with 1 % BSA-PBS (PBS containing 1 % BSA) for 2 hour at
RT, 50 uL of AviHisCD72CTLD proteins (0 pug/ml, 0.4 pg/ml, 0.8 ug/ml, or 2.5 ug/ml) were added and incubated for 1
hour at RT. Plates were then washed three times with PBST (PBS containing 0.05 % Tween 20) and incubated with
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alkali phosphatase (AP)-conjugated streptavidin (AP-SA) (BD Pharmingen). After washing three times with PBST, the
enzymatic activity was detected using phosphatase substrate (Sigma-Aldrich) by measuring absorbance at 405 nm on a
Vmax kinetic microplate reader (Molecular Devices).

To assess the antibody production in immunized mice, ELISA was carried out as follows. 10 pg/mL mPF4 or a
mixture of 10 ug/mL mPF4 and 0.4 U /mL heparin were immobilized on the 96-well ELISA plate overnight at 4°C.
After blocking with 1 % BSA-PBS, plates were incubated with mouse serum (diluted in 1 % BSA-PBS at 1:100) for 1
hour at RT. After three washes with PBST, the wells were incubated with AP-conjugated anti mouse 1gG for 1 hour at
RT, then the enzymatic activity of AP was detected as mentioned above.

Murine immunization

Wild-type C57BL/6 mice were purchased from Sankyo Laboratory Service (Tokyo, Japan) and CD72 deficient mice
were generated previously in our laboratory and maintained under SPF conditions. For immunization with intravenous
retro-orbital (IV-RO) injection, a mixture of 22 ug heparin and 40 ng mPF4 was dissolved in 100 uL Hank’s balanced
salt solution (HBSS) and administrated to the mice (10 weeks old) daily for 5 days or weekly for 3 weeks. For
intraperitoneal (IP) immunization, 22 ug heparin and 40 pg mPF4 were mixed with 10 mg Alum (Aluminium
Potassium Sulfate, Wako) and 100 uL mixture were injected to the mice. The first day of injection was considered day O.
Blood was collected at day -1 (before immunization) and day 14, day 21, day 28.

Results
Purification of AviHis CD72 CTLD protein

Recombinant mouse CD72CTLD protein tagged with Avi- and His-tag at N terminal was produced using E coli
expression system. As expressed CD72CTLD protein was mainly divided in the inclusion bodies, the protein refolding
was useful method to recover the proteins being structurally correct and functionally active. In this study, the
AviHisCD72CTLD protein in the inclusion bodies was denatured and the denatured protein was refolded by on-column
refolding technique. Then the refolded protein was eluted from the histidine binding beads and the recovered protein
was analyzed by 12 % SDS-PAGE followed by CBB staining. As shown in Fig. 1, the refolded protein was obtained
mainly as a monomer form (23 kDa), suggesting that the protein refolding was succeeded. The amount of the refolded
proteins obtained from 1 L culture was approximately 0.3 mg as determined by Bradford assay.
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Figure 1. Purification of recombinant AviHisCD72aCTLD and AviHisCD72cCTLD proteins.
The refolded proteins were eluted stepwise from His binding beads with 3 mL (0.6 mL x 5 fractions) elution buffer.
Both CD72aCTLD and CD72cCTLD proteins were mainly recovered in fraction 2 as indicated by red arrows. M,
molecular weight marker; FT, flow-through fraction.

Binding analysis of CD72 with sulfated glycans

In the previous study based on glycan array, the CD72CTLD showed binding affinity toward several sulfated
glycans. To investigate the binding activities of recombinant CD72CTLD toward putative glycan ligands in vitro,
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ELISA experiment was performed here. Several glycans were immobilized individually onto the PLL-coated microplate
and then the CD72aCTLD or CD72cCTLD proteins were added to assess their binding activities toward immobilized
glycans. PLL-coated wells without immobilization of any glycans were also prepared as a negative control (blank).
Note that the CD72a and CD72c are the allelic variants of mouse CD72, and CD72c is known to be related to
auto-immune disease. Significant bindings of both CD72aCTLD and CD72cCTLD proteins toward every glylcan ligand
examined were observed in a dose dependent manner. Stronger bindings toward heparin and chondroitin sulfate B were
observed in both CD72a and CD72cCTLD proteins. Compared to the reactivity toward chondroitin sulfate A,
chondroitin sulfate C, hyaluronan, and dextran, CD72aCTLD reacted stronger to dextran sulfate. On the other hand,
CD72cCTLD?’s reactivity to dextran sulfate was comparable level.
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E § == Heparin
g 0.8+ g -4 Chondroitin A
0.4 -& Chondroitin B
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CD72a concentration CD72c concentration

Figure 2. Binding affinity of CD72a and CD72c CTLD protein to various glycans

Effects of immunization

Heparin induced thrombocytopenia (HIT) is an acquired immune disorder and antibodies specific for PF4/heparin
complexes are the central matter for its pathogenesis. As heparin showed strong binding to CD72CTLD protein in this
study, we hypothesized that the production of pathogenic antibody against PF4/heparin was regulated by CD72 in vivo.
Based on the hypothesis, next we assessed antibody productions in WT and CD72KO mice, both of which were
immunized with mPF4/heparin complex.

First of all, the recombinant mPF4 protein was prepared by E coli expression technique. Then the expressed mPF4
was extracted from the bacterial cells using sonication and TritonX-100, then purified using heparin-binding beads. The
recovered mPF4 was analyzed by 15 % SDS-PAGE followed by CBB staining. As shown in Fig 3, monomer form of
mPF4 (8.2 kDa) was clearly observed, suggesting that the protein was successfully purified. Based on Bradford assay,

the recovered protein was approximately 0.8mg from 2 L culture.
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Figure 3. Purification of recombinant mouse PF4 protein.
The recombinant mPF4 proteins were purified by affinity chromatography using heparin-agarose beads. After
washing the column with 20 mL washing buffer, mPF4 proteins were recovered with stepwise elution with 2.5 mL (0.5
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mL x 5 fractions) elution buffer. The mPF4 protein was mainly eluted in fractions 2 and 3 as indicated by arrow. M,
molecular weight marker; Sup, supernatant (unpurified sample fraction); FT, flow-through fraction.

The purified mPF4 protein was mixed with heparin at 200 ug/mL (mPF4) and 110 pg/mL (heparin) in HBSS and
100 uL of the mixture were injected to the mice via IV-RO daily for 5 days as described previously (4). Then the
antibody against PF4/heparin was analyzed by ELISA using serum collected at 7-day interval after immunization.
However no antibody production was observed in both WT and CD72KO mice (data not show). Therefore, to optimize
the immunization methods, mice were administrated the mPF4/heparin under the several different conditions and
antibody production was examined.

First, PF4 (20 pg/mouse) and heparin (11 pg /mouse) were mixed with adjubant, Alum (Aluminium Potassium
Sulfate, Wako) (10mg/mouse), and the mixture was administrated to the WT and CD72KO mice by IP injection every
two weeks. The serum samples were collected sequentially at day 14, day 28, day 42. Even after 6 weeks of the initial
immunization, the antibody productions were not observed (data not shown). Next, two times higher amounts of PF4
and heparin, i.e. 40 png/mouse of PF4 and 22ug /mouse of heparin, were mixed with or without Alum (10mg/mouse),
then the mixture of PF4 and heparin was subjected to IV-RO immunization, and the mixture of PF4, heparin, and Alum
was to IP immunization. The administration of the antigen was done weekly, and antibody productions were analyzed
by ELISA using the serum at day 14, day 21, and day 28. Even though the mice were immunized with higher amounts
of PF4 and heparin, either WT or CD72KO mice were not produce anti PF4/heparin antibodies (Fig 4). From these
results, it is still unclear whether the CD72 regulates antibody production against heparin, a sulfated glycan. Further
investigation is required.

Anti-PF4/Heparin Anti-PF4 Anti-Heparin
0.5+ 0.5+ 0.5+
0.4+ 0.4 0.4+
0.3 0.3 8 031
=1
O 0.2 O 0.24 O 0.2+
. -t
0.1 —l-_ L] 0.1+ *e - 0.1+
- o e . .

poltwe- 7 eww e 00l =% ' i 00— ' . :

] ]

S P & ¢ S s & & F

& 2 o 4 < <+ ) & &
& & e SR OO £ & e ¢

Figure 4 Anti-PF4/Heparin, anti-PF4 and anti-Heparin antibodies production (IV-RO immunization, a mixture of 22ug
heparin and 40 ng mPF4 was dissolved in 100 uL HBSS, Blood was collected at day 28)

Discussion

CD72 is known as an inhibitory regulator of the BCR signaling and ligand binding activity is defined in the
extracellular domain of CD72. CD100 has been identified as a natural ligand of CD72 and reported to regulate BCR
signaling by turning off negative signaling by CD72 (5). The ligand of CD72 may have a critical role in controlling
BCR signaling by regulating CD72’s activity.

CD72 has CTLD in its extracellular domain, suggesting that CD72 may be controlled by its glycan ligands.
However, because the CTLD lacks typical Ca** binding site, which is conserved in general C-type lection, the lectin
activity of CD72’s CTLD had been unclear for a long time. Recently we revealed that the CTLD had binding activity to
sulfated glycans (unpublished data). In this study, to clarify the role of glycan ligand to exert regulatory effect of CD72,
recombinant CD72CTLD protein was prepared and the binding affinity of the protein to several glycan ligands was
analyzed by ELISA.

First, we prepared recombinant mouse CD72a CTLD and D72c CTLD proteins. In mouse, four allelic variants of
CD72, (CD72a, CD72b, CD72c, and CD72d) were defined. Among the four, CD72c has a marked difference in CTLD
domain; 7-AA lacks in CTLD of CD72c although the AA sequences in other regions are identical to those of the other
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alleles. CD72c isoform has also been demonstrated to association with autoimmune disease (6). Therefore we also
compared binding activities of CD72a and CD72c CTLDs to sulfate glycans.

Among the sulfated glycans tested here, dextran sulfate, heparin, and chondroitin sulfate B showed stronger
reactivity to CD72 CTLD. Compared to CD72a CTLD, CD72c CTLD’s binding activity to the three glycans was
slightly reduced, suggesting that CD72c had weaker binding activity to the glycan ligands. The regulation by glycan
ligand might be modified in CD72c and it might be associated with autoimmune disease.

In immune system, the B cell maturation undergoes programmed cell death, and results in B cell differentiation into
antibody-producing cells. Thus, the signal which blocks the death of B cells is required for activation of B cells. The
previous study demonstrated that dextran sulfate prevented B cells from cell death (7). Therefore, the interaction of
CD72 and dextran sulfate may be a biologically meaningful event. In addition, chondroitin sulfate B also showed
specific binding to CD72 CTLD, but chondroitin A/C showed weak binding with CD72 CTLD. Chondroitin sulfate
(CS), which belongs to the glycosaminoglycan (GAG) superfamily, is a linear sulfated polysaccharide involved in
various biological processes. CS structure is very heterogeneous and contains various sulfation patterns owing to the
multiple and random enzymatic modifications that occur during its biosynthesis (8). It was maybe the reason why CD72
CTLD binds to chondroitin sulfate B specifically.

As described above, mPF4/heparin complex is an auto-antigen in HIT. As heparin showed strong binding affinity to
CD72 CTLD, we hypothesized that in HIT CD72 might be preventing auto-antibody production against PF4/heparin
complex in healthy individuals. To confirm this hypothesis, WT mice and CD72KO mice immunization experiments
were studied. However, the antibody production against PF4/heparin was not observed in either WT or CD72KO mice
in this study maybe because PF4/heparin had low immunogenicity. Further investigation should be required under
modified immunization conditions.

In this study, we produced recombinant mouse CD72CTLD proteins and revealed that CD72CTLD has binding
activities to several sulfated glycans in vitro. This is first report to show the lectin activity of CD72CDLD domain
toward several sulfated glycans.
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Characterization of self-assembled virus-like particles of dromedary camel hepatitis E virus

generated by recombinant baculoviruses
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Abstract:

Dromedary camel hepatitis E virus (DcHEV), a novel hepatitis E virus, has been identified in dromedary camels in
Dubai, United Arab Emirates. The antigenicity, pathogenicity and epidemiology of this virus have remained unclear. In
the present study, we first used a recombinant baculovirus expression system to express the 13 and 111-N-terminus
amino-acid-truncated DcHEV ORF2 protein in insect Tn5 cells, and obtained two kinds of virus-like particles (\VLPs)
with densities 1.300 g/cm® and 1.285 g/cm?, respectively. The small VLPs (Dc4sVLPs) were estimated to be 24 nm in
diameter, were assembled by the protein with molecular weight 53 kDa, and large VLPs (Dc3nVLPs and Dc4nVLPs)
in diameter 35 nm composed of protein with 64 kDa. Antigenic analysis demonstrated that DcHEV was cross-reactive
with G1, G3-G6, ferret and rat HEVs, and DcHEYV showed a stronger cross reactivity to G1 and G3-G6 HEV than it
did to rat and ferret HEV. Furthermore, the antibody against DcnVLPs neutralizes G1 and G3 HEV, suggesting that the
serotypes of these HEVs are identical. In addition, we found that the amino acid residue Met-358 affect the DcsVLPs

assembly.

Keywords:

Dromedary camel HEV; Recombinant baculovirus; Virus-like particles, Insect cells Tn5

Introduction

Hepatitis E virus (HEV) is causative agent of hepatitis E, a viral disease that manifests as acute hepatitis E (Emerson
and Purcell 2003). The HEV infection occurs mainly through the fecal-oral route (1), and acute hepatitis E is known as
an important public health problem not only in developing countries but also in industrialized countries, there the HEV
was mainly transmitted by imported or zoonotic infection (2). HEV, a small non-enveloped single-stranded,
positive-sense RNA virus, is classified as the sole member of the genus Hepevirus in the family Hepeviridae. The
genome of HEV is approximately 7.2 kilobases (kb) in size, and contains three open reading frames (ORFs). ORF1
encodes non-structural proteins involved in replication and viral protein processing. ORF2 encodes a capsid protein that
contains immunogenic epitopes, induces neutralizing antibodies, and is the target for vaccine development. ORF3,
which partially overlaps with ORF2, encodes a cytoskeleton-associated phosphoprotein with multiple functions.

To date, at least 4 genotypes of HEV that infect humans have been identified. A number of sporadic cases have been
transmitted in a zoonotic fashion in developed countries, with zoonotic hepatitis E being mainly associated with
genotype 3 or 4 HEV infections (3).

Dromedary camel HEV (DcHEV), a brand-new HEV was first identified from fecal samples of dromedary camels

(Camelus dromedarius) in 2013 in Dubai, United Arab Emirates (4). Complete genome sequencing of two DcHEV
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strains showed more than 20% overall nucleotide difference to known HEVSs, and only shared 52.1-56.5% nucleotide
identity with avian, bat, rat and ferret HEVs. While the genome has been sequenced, the antigenicity, pathogenicity and
epidemiology of DcHEV have remained unclear because of the lack of a cell-culture system to grow the virus.

In this study, we describe the efficient expression of 13- or 111-N-terminus-aa-deleted DcHEV ORF2 proteins by a
recombinant baculovirus in insect Tn5 cells, the proteins were found to self-assemble into virus-like particles (VLPSs).
The VLPs exhibited antigenic cross-reactivity with rat, ferret, G1 and G3 to G6 HEVs and the serotype of DcCHEV was
identical to G1 and G3 HEV.

Materials and Methods

Construction of transfer vectors. Two full-length ORF2 of the DcHEV containing the BamHI site before the start
codon and the Xbal site after the stop codon were synthesized based on the DcHEV sequence deposited in GenBank
(KJ496143 and KJ496144). For simplicity, we proposed Dc3 (KJ496143) and Dc4 (KJ496144) as these two DcHEV
strains’ numbers in this study, respectively. These full-length ORF2s were cloned into a vector, pUC57, to generate a
plasmid, pUC57-Dc30RF2 and pUC57-Dc4ORF2 (GeneScript, Piscataway, NJ), respectively. DNA fragments
encoding the N-terminus-truncated DcHEV ORF2s were amplified by PCR using plasmid pUC57-Dc30ORF2 or
pUC57-Dc4ORF2 as a template. The DNA fragments encoding 13- and 111-N-terminal-aa-truncated DcHEV ORF2s
were amplified by PCR with the primers, DcHEV-N13 (5-AAGGATCCATGTTGCCTATGCTGCCCGCGCCA-3)
/DcHEV-CR1 (5-AGTCTAGATTAATACTCCCGAGTTTTACCCA-3"), and DcHEV-N111
(5'-AAGGATCCATGGCTGTTGCTCCCGCCCCAGG-3") /CR1, respectively. The full-length and truncated ORF2s
were digested with BamHI and Xbal, and ligated with a baculovirus transfer vector, pVL1393 (Pharmingen, San Diego,
CA), to yield plasmids pVL1393Dc30RF2, pVL1393Dc3n130RF2, VL1393Dc3n1110RF2, VL1393Dc40ORF2,
pVL1393Dc4n130RF2, pVL1393Dc4n1110RF2. Mutation were introduced by PCR amplification of overlapping
fragments with specifically mutated primers DcHEV-n111/Dc30RF2-358R (5-TAGACCATTCGTACCAGTAAA-3"),
and Dc30ORF2-358F (5-TTTACTGGTACGAATGGTCTA-3")/CR1, by using the pUC57-Dc30ORF2 as a template.
Consequently both fragment were purified and combined in a fusion PCR with the primers DcHEV-n111/CR1. Finally,
this fragment was cloned into transfer vector, p\VVL1393 to yield plasmid pVL1393Dc3n1110RF2mt.

Construction of a recombinant baculovirus and expression of capsid proteins. Sf9 cells were co-transfected with a
linearized wild-type Autographa californica nuclear polyhedrosis virus DNA and transfer plasmids by a
lipofectin-mediated method. The cells were incubated at 26.5°C in TC-100 medium supplemented with 8% fetal bovine
serum and 0.26% tryptose phosphate broth. The recombinant viruses were plaque-purified in Sf9 cells and designated as
Ac[Dc30RF2], Ac[Dc3n130RF2], Ac[Dc3n1110RF2], Ac[Dc4ORF2], Ac[Dc4n130RF2], Ac[Dc4n1110RF2], and
Ac[Dc3n1110RF2mt]. Tn5 cells were infected with recombinant baculoviruses at a multiplicity of infection (MOI) of
10.

SDS-PAGE and Western blot assay. The proteins in the cell lysates and culture medium were separated by 5-20%
SDS-PAGE and stained with Coomassie blue (CB). For the Western blot analysis, proteins in the gel were
electrophoretically transferred onto a nitrocellulose membrane. The membrane was then soaked with 5% skim milk in
50 mM Tris-HCI (pH 7.4), 150 mM NaCl, and incubated with rabbit anti-G1 HEV-LPs polyclonal antibody. Detection
of the rabbit 1gG antibody was achieved using alkaline phosphatase-conjugated goat anti-rabbit immunoglobulin
(2:1000 dilution). Nitroblue tetrazolium chloride and 5-bromo-4-chloro-3-indolyl phosphate P-toluidine were used as

coloring agents.
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Purification of VLPs and transmission electron microscopy (TEM). The recombinant baculovirus-infected Tn5 cells
were harvested on day 7 post-infection (p.i.). After removed the intact cells, cell debris, and progeny baculoviruses by
centrifugation at 10,000 g for 60 min, the supernatant was then spun at 32,000 rpm for 3 h, and the resulting pellet was
resuspended in EX-cell 405 medium at 4°C overnight. The recombinant baculovirus infected cells were treated and
purified as previously reported (5). Purified VVLPs were placed on a carbon-coated grid for 45 seconds, rinsed with
distilled water, stained with a 2% uranyl acetate solutionand examined with a JEOL TEM-1400 electron microscope

operating at 80 kV.

Structural observation. The atomic structure of T=1 particle (PDB-id: 2ztn) and pseudo-atomic structure of T=3
particle (PDB-id: 3iyo) are both downloaded from PDB database. The measurements of the distance of residues were

performed by Pymol software and the figures were made by use of the software UCSF Chimera.

N-terminal amino acid sequence analysis. The proteins were purified by CsCl gradient centrifugation. The N-terminal
aa microsequencing was carried out using 100 pmol of protein by Edman automated degradation on an Applied

Biosystems model 477 protein sequencer.

Hyperimmune sera and detection of anti-HEV IgG antibody. Rats (Wistar, 12 weeks old, female) were immunized
with Dc3nVLPs. The immunization was performed with thigh muscle injection of purified VLPs with a dose of 200 ug
per rat, and booster injections were carried out at 4 and 6 weeks after the first injection with half doses of VLPs.
Immunized animals were bled one week after the last injection. ELISA for detection of anti-HEV IgG was performed
with purified recombinant HEV virus-like particles (VLPS) (1 pg/ml, 100 pl/well) (5).

Cell culture-based neutralizing activity test. Infectious G1 and G3 HEV strain (G3-HEV83-2-27, GenBank no.
AB740232) were used to evaluate the neutralizing activity of anti-HEVs antibodies. HEV grows in PLC/PRF/5 cells
and is efficiently released to cell culture supernatants. Pre- and post-HEV-LPs-immunized rat serum and rat
HEV-infected rat serum were heated at 56°C for 30 minutes and then diluted to 1:10 and 1:100 with medium 199. One
mililiter of the solution containing 2x10° copies of G1 or G3 HEV was mixed with 1ml of diluted antiserum and
incubated at 37°C for lhr, and then at 4°C for 3 hrs. A hepatocarcinoma cell line, PLC/PRF/5, was cultured in 6-well
cell culture plates (5x10° cells/well) with 5 ml DMEM containing 10% (v/v) heat-inactivated FCS. One ml of the
virus/serum mixture was added to each well of the plates, after removing the cell culture medium. After adsorption at
37°C for 1 hr, the cells were washed three times with PBS (-), and 4 ml maintenance medium consisting of medium 199
(Invitrogen, Carlsbad, CA), 2% (v/v) heat-inactivated FCS and 10 mM MgClI,. The culture medium was replaced with
new medium every 3 days. Neutralizing activity was monitored by detection of HEV Ag in the cell culture supernatant

at three weeks post-inoculation by ELISA.

Results
Expression of DcHEV ORF2 and formation of virus-like particles

Six recombinant baculoviruses, Ac[Dc30RF2], Ac[Dc3n130RF2], Ac[Dc3n1110RF2], Ac[Dc4ORF2],
Ac[Dc4n130RF2], and Ac[Dc4n1110RF2] were prepared as described in the Methods section. Tn5 cells were infected
with the recombinant baculoviruses at a multiplicity of infection (MOI) of 10, incubated at 26.5°C, and harvested every
day up to day 10 post infection (p.i.). The proteins generated in the infected cells and supernatant were analyzed by
SDS-PAGE. In Ac[Dc30RF2] and Ac[Dc4ORF2]-infected Tn5 cells, major protein bands with molecular masses of 72
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kDa corresponding to the full-length of ORF2 proteins were detected at 2 days p.i.. However, those proteins were not
detected in the supernatant and no VLPs were observed in either the cells or their supernatants.

In the Ac[Dc3n1110RF2] and Ac[Dc4n1110RF2]-infected Tn5 cells, a major protein with a molecular mass of 58 kDa
(D-p58) was detected in the cells from day 2 p.i., and a protein migrating with a molecular mass of 53 kDa (D-p53) was
found in the cells and supernatant from day 4 p.i. The D-p58 protein was synthesized only in Ac[Dc3n1110RF2] and
Ac[Dc4n1110RF2]-infected Tn5 cells and D-p53 protein was detected only in Ac[Dc3n1110RF2] and
Ac[Dc4n1110RF2]-infected Tn5 cell culture supernatant, not in the mock-infected or wild-type baculovirus-infected
cells. The 53kDa proteins reacted with anti-G1 HEV-LPs antibody in Western blots (Fig.1).
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Fig. 1. Time course of the expression of 111-N-terminal Fig. 2. Purification of VLPs from cell culture. (A). To
aa-truncated DcHEV ORF2. Insect Tn5 cells were infected examine the VLPs, each fraction containing D-p53
with a recombinant baculovirus Ac[Dc3n1110RF2] and protein was stained with 2% uranyl acetate and
Ac[Dc4n1110RF2], incubated at 26.5°C, and harvested on observed by EM: Dc4sVLPs (B) and aggregations of
the indicated days (day 1 to 10). D-p53 proteins (C). Bar, 100 nm.

Comparing of the amount of D-p53 in supernatant we found that the D-p53 protein is larger in
Ac[Dc4n1110RF2]-infected cell culture supernatant than that in Ac[Dc3n1110RF2]. Two small proteins with
molecular weight about 17-18 kDa was clearly detected in Ac[Dc3n1110RF2]-infected cell culture supernatant by
SDS-PAGE and these two proteins reacted with rabbit anti-G1 HEV-LPs antibody by western blotting, indicating that
these two proteins were derived from Dc3 ORF2. These observed degraded proteins reveal that the D-p53 protein
derived from Ac[Dc3n1110RF2] is unstable.

To examine whether the D-p53 protein would form VLPs, the cell culture supernatants of the Ac[Dc3n1110RF2] and
Ac[Dc4n1110RF2]-infected Tn5 cells were harvested and subjected to CsCl gradient centrifugation. In the
Ac[Dc4n1110RF2]-infected cell culture supernatant the D-p53 protein was mainly distributed in fractions 15 and 16
(Fig. 2A). Electron microscopy (EM) of fraction 15 and 16 showed many spherical particles with diameter of about 24
nm (Fig. 2B). In contrast, the D-p53 protein in Ac[Dc3n1110RF2]-infected Tn5 cell culture supernatant were found in
fractions 15 and 16, and some aggregations of D-p53 proteins were observed by EM, however, no VLPs was found
(Fig.2C). The N-terminal aa sequence of D-p53 indicated that D-p53 was derived from the DcHEV ORF2 protein and
with ~50 aa deletion at the C-terminus. These results indicated that the D-p53 derived from Dc4 self-assembled into

VLPs which smaller than native virus particle and were named as Dc4sVLPs.
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In the Ac[Dc3n130RF2] and Ac[Dc4n130RF2]-infected Tn5 cells four major proteins with molecular mass of 40
kDa (p40), 53 kDa (D-p53) 64 kDa (D-p64) and 70 kDa (D-p70) were observed, respectively (Fig. 3A). Proteins D-p53,
D-p64 and D-p70 were reacted with rabbit anti-G1 HEV-LPs Ab by western blot assay, indicating that these three
proteins were derived from the DcHEV ORF2. In the cell culture supernatants only D-p53 was detected by SDS-PAGE
with very thin band. To purify VLPs from cells, Tn5 cells were harvested at 7 days p.i., and treated with denature buffer.
After CsCI gradient centrifugation, proteins, D-p64 mainly appeared in fractions 9 and 10 (Dc3) or 9 to 11 (Dc4)
fractions (Fig. 3B). In contrast, small amount of the D-p53 protein separated in from fraction 6 and 19 (Dc3) or fraction
12 to 16 (Dc4). The N-terminal aa sequences of p64 was LPMLP identical to the 14-18 aa residues of DcHEV ORF2,
indicating that D-p64 were derived from the DcHEV ORF2 protein and with ~50 aa deletion at C-terminus. Observation
of fractions 9 from both Ac[Dc3n130RF2] and Ac[Dc4n130RF2] infected samples by electron microscopy revealed
spherical particles with diameters of 35 nm (Fig. 3C, 3D), indicating that the D-p64 protein self-assembled into VLPs.
The morphology of these particles similar to native HEV particle and were named as Dc3nVLPs or Dc4nVLPs,

respectively.
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To determine whether nucleic acids were packaged in these VLPs, nucleic acids were extracted from these purified
VLPs and analyzed on 1% agarose gel. Electrophoresis results demonstrated that both Dc3nVLPs and Dc4nVLPs
contained nucleic acids and that was sensitive for RNase A. By next generation sequence analysis the nucleic sequence
identical to N-terminal 13-aa-truncated Dc3 and Dc4 HEV ORF2, indicating that the large particles encapsulated ORF2

genome. In contrast, no nucleic acid was detected from 24 nm VLPs.

The amino acid Met-358 effect T=1 DcsVLPs formation

Comparison of amino acids 111 to 660 between Dc3 and Dc4 ORF2 showed that only two amino acids aal46 and
aa358 were different. In Dc3 and Dc4 the aal46 is Thr and Ser, respectively, and both Ser and Thr in aal46 are common
among HEVs in the species Orthohepevirus A. The aa358 in Dc3 is Met, in Dc4 Thr. Alignment of HEV ORF2 amino
acids sequence among 242 HEV strains in the species Orthohepevirus A revealed that except rabbit HEV only two
strains the aa358 is Met while other aligned sequence is Thr, suggesting that rather than aal46 the Met-358 might be a
contributing factor to effect T=1 VLPs formation. To validate this hypothesis, a recombinant baculovirus
Ac[Dc3n1110RF2mt] comprising mutated 111-aa-truncated DcHEV ORF2 with the substitution M358T was produced.
As shown in Fig. 4, in Ac[Dc3n1110RF2mt]-infected Tn5 cells, a protein migrating with a molecular mass of 53 kDa
was found in the cells and supernatant from day 4 p.i.. The amount of the D-p53 protein in the

Ac[Dc3n1110RF2mt]-infected Tn5 cell culture supernatant is significant larger than it in Ac[Dc3n1110RF2] and no
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Antl HEV-LPs IgG titers

small proteins (17-18 kDa) detected. By CsCl gradient centrifugation, proteins, D-p53 mainly appeared in fractions
15-17 fractions with average densities of 1.285g/cm? (Fig. 4B), and VLPs examined by EM possess great similarity with
Dcs4VLPs (Fig. 4C). This result indicats that the aa Met-358 affect the T=1 VLPs formation and makes the D-p53
protein unstable.

Fig. 4. Expression and purification of VLPs from
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Antigenic cross-reactivity among ferret, rat, G1, G3-G6 and DcHEVs
Western blot analysis indicated that the DcHEV capsid protein D-p53 reacted with rabbit anti-G1 HEV, suggests
that the DcHEV has similar antigenicity to G1 HEV. To explore the antigenic cross-reactivity among ferret, rat, G1, G3,
G4, G5 and G6 DcHEVs, we detect Human anti-G1, G3 and G4 HEV IgG, rat anti-G5 and G6 HEV-LPs IgG
(unpublished data), rat anti-rat HEV-1gG, ferret anti-ferret HEV 1gG, by ELISA which use Dc3nVLPs as antigen and
compared with that detected by each homologues antigen. As shows in Fig. 5A-E, human anti-G1, G3 and G4 HEV IgG,
rat anti-G5 and G6 HEV-LPs IgG, reacted to Dc3nVLPs and each homologous HEV-LPs with similar titers. In contrast,
the titer of rat anti-rat HEV-IgG and ferret anti-ferret HEV 1gG detected by using of Dc3nVLPs was lower than that
detected by homologous HEV-LPs (Fig.5F, G). These results indicated that DcHEV has antigenic epitope(s) common to
those of ferret, rat G1, G3 to G6 and DcHEVSs, and the antigenicity of DcHEV similar to G1, G3 to G6 HEV than rat
and ferret HEV.
To obtain antibody against DcHEV, rat was inoculated with Dc3nVLPs. After three injections, rat elicited a high
level of 1gG antibodies against Dc3nVLPs, and IgG titers reached as high as 1:819,200 by antibody ELISA. The
antibody against Dc3nVLPs reacted not only with Dc3nVLPs, but also with heterologous ferret, rat, G1, G3, G4, G5
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and G6 HEV-LPs with titers of 1:51,200, 1:102,400, 1: 819,200, 1:819,200, 1:409,600, 1:409,600, 1:409,600,
respectively (Fig. 5H).

15 13 8| Fig. 6. Neutralizing activity of antibodies against G1 and G3 HEV.
Neutralization of G1 and G3 HEV by anti-G1, G3 and Dc3nVLPs sera

-
]
1
-
a
1

was carried out by a cell culture based neutralization test. Bars indicate

the OD values of HEV Ag. Pre, pre-immunized rat serum; G1, rat

el
[
)

anti-G1 HEV-LPs serum; G3, rat anti-G3 HEV-LPs serum; Dc3, rat

(-]
b
G3 HEV Ag (OD492)

G1 HEV Ag (0D452)

anti-Dc3nVLPs serum. Rat serum was diluted at 1:10 (white bar), and

1:100 (black bar).

]
I
]

Pre G4 Dc3 Pre G3 Dec3

Cross neutralization of G1 and G3 HEV with anti-Dc3nHEV-LPs antibodies

To examine the neutralization activity of anti-Dc3nVLPs antibodies, diluted (1:10 and 1:100) antibodies was mixed
with G1 and G3 HEV, respectively, and incubated for neutralization, and then inoculated to PLC/PRF/5 cells.
Pre-immunized rat serum was used as the negative control, rat anti-G1 and G3 HEV-LPs antiserum was used as the
positive control, respectively. As shown in the Fig. 6, HEV Ag was detected in the samples inoculated with
pre-immunized rat serum with the optical density (OD) values ranging from 0.815 to 0.846 (G1), and 0.860 to 1.009
(G3). In contrast, HEV-Ag was not detected in samples incubated with rat serum against G1, G3 and Dc3nVLPs. These
results indicated that G1 and G3 HEV were neutralized by antibody against G1, G3 and Dc3nVLPs. In other words, the
serotype of DcHEV is identical to G1 and G3 HEVs.

Discussion

Dromedary camel is a new species to harboring HEV, and DcHEV was recently proposed as a hew genotype of HEV
(G7) in species Orthohepevirus A with other HEV strains isolated from human, rabbit or wild boar. Although the
DcHEV RNA positive rates was 1.5% in the adult dromedary camel fecal samples, but the sero-prevalence is not clear.
Because no cell-culture system has been developed for DcHEYV, it remains necessary to express the capsid protein and
generate VLPs in order to analyze the antigenicity and immunogenicity of DcHEYV, furthermore to establish the method
for detection of anti-DcHEV IgG and IgM antibodies.

For produce VLPs, the full-length ORF2 of Dc3 and Dc4 were initially expressed by a recombinant baculovirus;
however, the recombinant protein derived from this gene was not released into the culture supernatant and did not form
VLPs. However, the native size virus-like particles Dc3nVLPs and Dc4nVLPs were obtained by expressing the
N-terminal 13 aa-truncated Dc3 and Dc4 ORF2. As native size VLPs of G3 HEV, nucleic acids were also detected from
both Dc3nVLPs and Dc4nVLPs, suggesting that RNA binding might be the extrinsic factor essential for the assembly of
HEV native capsid (6).

The Dc4sVLPs was obtained by expressing the N terminal 111-aa deleted Dc4ORF2, that similar to G1, G3, and G4
HEV. An interesting finding is that a naturally occurred substitution from Thr to Met at aa358 of ORF2 causes the
abortion of the small VLPs assembly. The naturally occurred single point mutation hampers the T=1 particle assembly
by the expressed N-111 truncated proteins.

When rats were immunized with Dc3nVLPs, a strong immune response was induced with high IgG titer in the absence
of any adjuvant, suggesting that Dc3nVLPs are highly immunogenic. The antibody induced by the Dc3nVLPs was
cross-reactivity with rat, ferret, G1, G3 to G6 HEV-LPs. These results clearly demonstrated that the DcHEV and rat,
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ferret, G1, G3 to G6 HEVSs share at least one common epitope. The Dc3HEV capsid protein shared higher aa identities
(88.5-91.1%) with G1, G3 to G6 HEVSs than did rat and ferret HEVs (56.1-56.7 %), and the Dc3nVLPs showed stronger
cross-reactivities with anti-G1, G3 to G6 HEV-LPs sera. Furthermore, we found G1 and G3 HEV were neutralized by
rat anti-Dc3nVLPs antibody, indicating clearly that the serotype of DcHEV is identical to G1 and G3 HEVs. Because
G1-G4 HEVs have been proved to represent a single serotype, we could conclude that the serotype of DcHEV is
identical to human HEV.

At present, data other than the nucleotide sequences of the two DcHEV strains from Dubai remain unknown,
including the epidemiology, virology and pathology of this virus. The ELISA based on DcnVLPs for detection of

anti-DcHEV 1gG and IgM will be useful for monitoring the circulation of DcHEV in dromedary camel.
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Spinal dopaminergic involvement in the antihyperalgesic effect
of antidepressants in rats with neuropathic pain
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Abstract:

Mechanical hyperalgesia is one tormenting symptom of neuropathic pain. Thus antidepressants such as tricyclic
antidepressants (TCAs), selective serotonin reuptake inhibitors (SSRIs)and serotonin NA reuptake inhibitors (SNRIs)
are first-line treatment for chronic neuropathic pain conditions. However, the efficacy and mechanisms of
antihyperalgesic effects of antidepressants have yet to be fully explored. Here, we aimed to reveal the underlying
efficacy and mechanisms of antihyperalgesic effects of antidepressants in the animal model of neuropathic pain induced
by spinal never ligation (SNL) and whether the effects were reversed by intrathecal injection of sulpride, an antagonist
of dopamine D2 receptor. The right L5 spinal nerves of male Sprague Dawley rats were ligated under inhalation
anesthesia in order to mimic animal model of peripheral hyperalgesic pain. Behavioral testing was measured after
intraperitoneal injection of amitriptyline, fluoxetine, duloxetine and milnacipran. Pretreatment of blocking D2 receptors
by intrathecal administration of Sulpride was performed before intraperitoneal treatment of antidepressants.
Intraperitoneal injection of amitriptyline (30mg/kg), fluoxetine (10mg/kg and 30mg/kg), duloxetine (30mg/kg) and
milnacipran (10mg/kg and 30 mg/kg) produced antihyperalgesic effects from 15 minutes after injection. Pretreatment
with sulpride (30pg) reversed the effects (using 30mg/kg antidepressants for each blocking experiment), especially the
effect of milnacipran was reversed completely, but the effect of fluoxetine was reversed partially. Our results suggest
that antidepressants decreased spinal nerve injury-induced neuropathic pain, which is not only related with NA and
5-HT, but DA also plays a crucial role in spinal cord.

Key Words:
Antidepressants, spinal never ligation, neuropathic pain

1. Introduction

Long-lasting neuropathic pain , as an abnormal pain state caused by an injured peripheral nervous system or central
nervous system, is a common event after trauma, chemotherapy or surgery[1,2].

Antidepressants, as effective drugs in the treatment of various chronic and neuropathic pain conditions, reveal a
large of pharmacological actions as follows: they inhibit the reuptake of noradrenaline(NA) and serotonin (5-HT ), have
effects on opioid receptors directly and indirectly, block histamine, cholinergic, 5-hydroxytryptamine and
N-methyl-D-aspartate receptors, block ion channel activity, inhibit ectopic afferent discharges and the uptake of
adenosine[3,4,5]. The roles of monoaminergic systems, noradrenaline and serotonin in pain pathophysiology have
formed the basis, tricyclic antidepressants (TCAs) , selective serotonin reuptake inhibitors (SSRIs) and serotonin NA
reuptake inhibitors (SNRIs) are widely used in neuropathic pain treatment[2].

Involvement of dopamine (DA) in regulation of pain and particularly in antinociception is being noticed more and
more recently. Dopaminergic innervation to the dorsal horn derived from the Al1 region in the dorsal posterior
hypothalamus [6]. The inhibition of nociceptive transmission at the dorsal horn occurred on the diencephalon spinal
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projections of these neurons is mediated by D2 receptors primarily [7]. Therefore, DA in the spinal cord has an
analgesic effect result from action on D2 receptors which are located presynaptically and postsynaptically to the spinal
dorsal horn neuron [8]. Nevertheless, the role that dopaminergic D2 receptors play in antinociceptive modulation by
antidepressants has not been fully understood.

For this purpose, the study was untaken to evaluate the efficacy and mechanisms of antihyperalgesic effects of
different antidepressants in the animal model of neuropathic pain elicited by a spinal never ligation. In addition, we
determined to investigate whether blocking the D2 receptors by intrathecal administration of Sulpride, a D2 receptors
antagonist, prevents the antidepressants-induced antinociception in nerve-injured animals. Besides, we used vivo
microdialysis to measure changes of NA, 5-HT and DA contents in lumbar spinal cord after spinal never ligation.

2. Materials and methods
2.1. Experimental animals

The experiments were performed in adult, male Sprague Dawley rats weighing 200-250 g. The right L5 spinal
nerves were isolated and tightly ligated with 5-0 silk thread. The wound was sutured after spinal nerve ligation
(SNL).A chronic intrathecal catheter was implanted for drug administration 7 days after SNL surgery. The animals were
allocated to individual cages to recover for 7 days before drug testing.

2.2. Behavioral testing and drug preparation and delivery

An analgesimeter (Ugo Basile, Comerio, Italy) was used to apply mechanical stimuli in increments (to a maximum
of 250 g) to the outer mid-plantar surface of the hind paw until an abrupt foot withdrawal was observed, and the value
was recorded [9,10].Animals were administered either amitriptyline(TCASs)( LKT Laboratories Inc. USA),
fluoxetine(SSRIs) (Sigma, St. Louis, MO), duloxetine (SNRIs) (Wako Pure Chemical Industries Ltd. Osaka, Japan),
milnacipran (SNRIs) (Asahi Kasei Corporation ,Osaka, Japan)or vehicle, at an intraperitoneal injection volume of
500uL. The withdraw threshold was determined at pre-SNL, time 0, time 15, time 30, time 60, then at 60 minutes
intervals until 180 minutes after injection. For the blocking experiment, 30ug sulpride (Tocris, Ellisville, MO) was
dissolved in mixture of 50% saline and 50% dimethylsulfoxide and treated intrathecally in a volume of 5uL and
followed by a 10uL saline to flush the catheter, 15 minutes before all of the antidepressants injection.

2.3. Statistical analysis

Shapiro-Wilk test was applied to verify normal distribution. Homogeneity of variance was analysed by levene’s test.
Data were normally distributed and equal variance, all the values were expressed as mean + standard error of means
(SEM) for 6 animals per group based on previous study [9]. An independent t test was performed in time point
comparisons between 0 min and pre-SNL. Differences among groups were determined using two-way analysis of
variance (ANOVA) followed by Bonferroni test was used for post hoc analysis. P < 0.05 was considered statistically
significant. The statistical test was performed by using SPSS 18.0 (SPSS Inc., Chicago).

3. Results
3.1 Antihyperalgesic effect of amitriptyline and related effect of D2 receptor antagonist pretreatment

Intraperitoneal administration of amitriptyline (30mg/kg) attenuated hyperalgesic responses induced by mechanical
stimuli (P<0.05; Fig.1 A). Paw withdrawal threshold was increased sharply 15 minutes after intraperitoneal injection
and maintained until 180 minutes compared with vehicle group (P<0.05). Significant statistical differences were
observed and paw withdrawal threshold was obviously decreased after pretreatment with intrathecal administration of
sulpride (30pg) (P<0.05; Fig.1 B). Intrathecal administration of sulpride itself (30ug) did not affect the withdrawal
thresholds compared with the vehcile group.

3.2 Antihyperalgesic effect of fluoxetine and related effect of D2 receptor antagonist pretreatment
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Intraperitoneal injection of fluoxetine (30mg/kg) produced an antihyperalgesic effect and the effect was observed
from 15 minutes after injection. Intraperitoneal treatment of fluoxetine (10mg/kg) also produced an antihyperalgesic
effect and the effect was observed from 30 minutes after injection (P<0.05; Fig.2 A). The maximum dose (30mg/kg)
was determined to perform in the antagonist experiment. Paw withdrawal threshold was decreased after pretreatment
with intrathecal administration of sulpride (30pg) but the statistical difference was observed only in 30 minutes after
intraperitoneal injection of fluoxetine (30mg/kg) (P<0.05; Fig.2 B). Intrathecal injection of sulpride itself (30pg) did not
affect the withdrawal thresholds.
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3.3 Antihyperalgesic effects of duloxetine, milnacipran and related effects of D2 receptor antagonist pretreatment

A significant antihyperalgesic effect was observed from 15 minutes after intraperitoneal treatment of duloxetine
(30mg/kg) and continued to 180 minutes after injection (P<0.05; Fig.3 A). Intrathecal administration of sulpride (30pg)
reversed this effect elicited by duloxetine (30mg/kg) (P<0.05; Fig.3 B). Intraperitoneal injection of milnacipran
(10mg/kg and 30 mg/kg) induced antihyperalgesic effects from 15 minutes after injection (P<0.05; Fig.4 A). The
maximum dose (30mg/kg) was also determined to perform in the antagonist experiment. Pretreatment with sulpride
(30pg) reversed this effect completely (P<0.05; Fig.4 B) and the paw withdrawal threshold was dramatically reduced to
nearly the baseline.

4. Discussion

Indepth exploration of potential mechanisms of antihyperalgesic effects of antidepressants would be a crucial
guidance for preventive strategies. The current study provides evidences that intraperitoneal injection of amitriptyline,
fluoxetine, duloxetine and milnacipran induced antihyperalgesic effects in SNL rats, and pretreatment with a D2
receptor antagonist reversed the effects. These finding demonstrate that the antidepressants attenuated spinal nerve
injury-induced neuropathic pain, and a vital relevance was observed in DA in spinal cord.

4.1 Antihyperalgesic effect of amitriptyline (TCAS)

Mechanical hyperalgesia is a distressing symptom of neuropathic pain which is considered by central sensitization
of the nociceptive system [11]. This sensitization can be elicited experimentally with the SNL rats. The tricyclic
antidepressants (TCAs) amitriptyline has been extensively investigated in terms of analgesic effects and it has suggested
efficacy in clinical trials and in experimental animals [12]. TCAs exert the antinociceptive effects by complicated
mechanisms. Block of peripheral nerve sodium channels at therapeutic doses may attenuate acute and chronic pain after
surgery [13]. The effect on decrease of activated microglia and astrocytes may contributes to the antihyperalgesic
efficacy of TCAs [12]. The antiallodynic effect of TCAs is also mediated by a recruitment of the endogenous opioid
system such as delta-opioid receptors, as well as involvement of neuroinflammatory processes modulation, and
blocking the reuptake of NA and 5-HT [14]. However, few reports suggest the mechanism which amitriptyline performs
its effect on the prevention of mechanical allodynia mediated by DA. In the present study, intraperitoneal injection of
amitriptyline induced an antihyperalgesic effect in SNL rats, and the effect was reversed by intrathecal injection of a D2
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receptor antagonist. This result suggests the antihyperalgesic effect produced by amitriptyline in SNL rats is related to
D2 receptor antagonist.

4.2 Antihyperalgesic effect of fluoxetine (SSRIs)

Fluoxetine, a selective serotonin reuptake inhibitor (SSRIS), is one of the potential agent to treat neuropathic pain
which displays distinct selectivity for 5-HT neuronal uptake sites [15]. Although, 5-HT is known to be a crucial
neurotransmitter in pain regulation, the mechanism by which fluoxetine exerts its antihyperalgesic effect is still
controversial. Previous authors suggest that the concentration of 5-HT was reduced in the raphe magnus nucleus and
forebrain of neuropathic animals [16]. Thus, fluoxetine produces its pharmacological effect via the blockade of 5-HT
reuptake, increasing 5-HT level in the synaptic cleft and enhancing the efficacy of the 5-HT transmission. Recent
reports indicate that upregulation of microglia in the lumbar spinal cord and DRG was observed after sciatic nerve
injury-induced pain, which is diminished by fluoxetine treatment. SSRIs generate the antihyperalgesic effect by
inhibiting ligand-gated ion channel receptors expressed in microglia. Besides, various 5-HT receptor subtypes,
including the 5-HT1A, 5-HT1B, 5-HT2A, 5-HT2C, and 5-HT3 receptors, involved in the modulation of neuropathic
pain. In contrast, some researchers suggest that fluoxetine alone fails to suppress nociceptive effects in diabetic and
sciatic nerve ligation neuropathy models, but it enhances the analgesic effects of opioid agonists in the periphery. It has
been shown that co-administration of morphine with fluoxetine may contribute to the treatment of neuropathic
pain[9,15].The current study shows that treatment with fluoxetine induced a significant increase of withdrawal
threshold in SNL rats, which is in accordance with other reports. Our data suggests that fluoxetine itself possesses
antinociceptive property in spinal nerve injury-induced neuropathic pain. Nevertheless, the antinociceptive effect is
reversed by pre-treatment of D2-receptor antagonist only at 30 minutes after intraperitoneal injection of fluoxetine.
Although the increase of DA in spinal cord did not produced blocking effect in neuropathic pain strongly, DA still
involves in the inhibition of neuropathic pain. The further studies are expected to demonstrate it clearly.

4.3 Antihyperalgesic effects of duloxetine and milnacipran (SNRIs)

As novel antidepressants inhibiting both 5-HT and NA reuptake transporters (SNRIs), duloxetine and milnacipran
demonstrate analgesia in clinical trials in patients or experimental animals with peripheral neuropathic pain and
fibromyalgia [18]. The antinociceptive effect of inhibitory neurotransmitters is mediated by the activation of descending
inhibitory pathways which inhibit pain. Thus the underlying mechanisms include inhibition of 5-HT and NA reuptake
leading to enhanced descending inhibition of central sensitization of pain [19]. Similar finding has been reported
bulbospinal descending NA and 5-HT systems inhibit nociceptive signals from primary afferent neurons to the spinal
dorsal horn neurons via the spinal 5-HT2A and o2-adrenergic receptors [20]. Recent evidences have demonstrated
SNRIs elicit antinociceptive or antiallodynic effect with neuropathic pain through al, a2 adrenoreceptors and 5-HT1A,
5-HT1B receptors [21]]. Furthermore, the inhibition of NA and 5-HT reuptake by antidepressants would enhance amine
availability at peripheral nerve terminals [4]. The analgesic efficacy of milnacipran is also observed at the spinal level
by inhibiting C-fibre-mediated nociceptive synaptic transmission by activating both the spinal 5-HT and NA systems
[22]. Nevertheless, there are several reports suggest that antiallodynic effect of 5-HT depends on the NA level, the more
powerful efficacy and release of NA may be necessary for 5-HT to elicit antiallodynic effects [9]. Our data shows
duloxetine and milnacipran induced distinct antihyperalgesic effects in SNL rats which is in line with a recent finding
that duloxetine delivery produced antihyperalgesic effect in postoperative pain model by increasing spinal 5-HT and
NA concentrations[20]. The reversions of mechanical allodynia by pretreatment of D2 receptor antagonist sulpride were
observed in both duloxetine and milnacipran, especially the effect of milnacipran was reversed completely. The result
reveals that the powerful inhibition of D2 receptor may be responsible for the analgesic effects of duloxetine and
milnacipran, and perhaps it was stronger in milnacipran.

Compared with the enormous researches devoted to NA and 5-HT, spinal actions of DA have received deficient
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attention. Nevertheless, there are several reports indicate that D2 receptor agonists enhance opioidergic antinociception
and the interaction between them is superadditive [6]. Some results support that striatal administration of dopamine D2
receptors attenuated pain-related responses by suppression of impulse discharge of pro-nociceptive neurons in the
rostroventromedial medulla, and spinal 5-HT and dopamine D2 receptors were involved in descending pain modulation
[8]. Selective activation of the dopamine D2 receptor or blockade of D1 receptor in the rostral agranular insular cortex
blunted neuropathic nociception [23]. Previous studies suggest that the activation of mesolimbic dopamine neurons
originates from the cell bodies of the ventral tegmental area and projects to the nucleus accumbens, which is an
important component in mediating the suppression of pain. Exogenous administration of selective dopamine D2
receptor agonist to nucleus accumbens also exerts an antinociceptive effect [24]. Given the importance of DA system in
spinal cord to pain modulation, and interactions with NA and 5-HT systems were focus of attention in our study. It is
believed that there is a large-scale plastic changes of nervous system during SNL-induced neuropathic pain in animals
[9]. Thus, systemic application of antidepressants suppressed the hyperalgeic effects induced by SNL surgery and the
effects reversed by D2 receptor antagonist reveal that antidepressants exit their antihyperalgesic effects via DA levels.
In summary, this study has shown beneficial effects of antidepressants on the development of the neuropathic pain after
peripheral nerve injury through DA.
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