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Bioactivity of Recombinant Human SPARC Protein Against SKM-1 Cell
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(Department of Hematology, The First Affiliated Hospital of Chongqing Medical University, Chongging 400016, China)

Abstract Secreted protein acidic and rich in cysteine (SPARC) has a complicated and pleiotropic bio-
logical role in cellular senescence during disease. However, the role of SPARC in secondary acute myeloid
leukemia (sAML) is not yet fully understood. A high-efficiency HEK293F expression system was established
to purify recombinant human SPARC (rh-SPARC), and Auto VP-capillary differential scanning calorimetry,
CCK-8 kit, flow cytometry, and Western blot analyses were used to assess the characteristics and bioactivity of
rh-SPARC. Isothermal titration calorimetry was performed to observe whether there was a direct interaction be-
tween rh-SPARC and cytarabine (Ara-C). The cell lines used in this study included SKM-1 and K562. The rh-
SPARC protein suppressed the proliferation of SKM-1 cells in a concentration-dependent manner and suppressed
the SKM-1 cell cycle in the Go/G, phase, with a more significant observed when rh-SPARC and Ara-C were used
in combination. In addition, the combination of th-SPARC and Ara-C significantly reduced the relative levels of
the pAkt protein in SKM-1 cells compared to th-SPARC or Ara-C alone. The results indicated that rh-SPARC
has a selective inhibition activity towards leukemia cells, as it could suppress the SAML cell line SKM-1 in the

G¢/G; phase in a concentration-dependent manner. In addition, there a synergistic effect between rh-SPARC and
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Ara-C was observed, and th-SPARC may enhance the sensitivity of SKM-1 cells to Ara-C by decreasing the

phosphorylation of Akt.
Keywords
HEK293F expression system
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FHAEVR )G 125 °CiE & 10 min. B 5 K FectoPRO®
DNA¥: YLIE AW I NHEK293FZH i . fEZ55. 6.
TRWEE30 pLAH 5 7RI, PLVFlirh-SPARCI) &
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MR EBHENEET . LN F 31T 156 5 e i -
EIEA/E TEB=5% 10% 25%-+ 50%F1100%(4) 7
910, 20, 50. 1001200 mmol/LIKME), W44
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A: pTT5-SPARCF i &1 B: rh-SPARCZ ik i FiDNA I T .

1

R 8% FE AR AN 22240 mL. 78557 R e 85 41 i 35
F%3E, {# I HisSeq Ni-NTA 6FF 4 40 {t.rh-SPARC
#E A (E2B). W 4irh-SPARCEE A, I FH TrisZ% i i

10 20 30 a0 50 60 70 80 90 100 110 120 130

ATGAGGGCCTGGATCTTCTTTCTCCTTT6CCT66CCE66AGEGCCTTGECAGCCCCTCAGCARGARGCCCTGCCTGATGAGACAGAGGTGETGGARGRAACTGTGGCAGRGGTGACTGAGETATCTGTGE
ATGAGGGCCTGGATCTTCTTTCTCCTTTGCCT66CCG66AGEGCCTTGECAGCCCCTCAGCARGARGCCCTGCCTGATGAGACAGAGGTGGTGGARGARACTGTGGCAGAGGTGACTGAGETATCTGTGE
ATGAGGGCCTGGATCTTCTTTCTCCTTTGCCTG6CC6E6AGEECCTTGECAGCCCCTCAGCARGARGCCCTGCCTGATGAGACAGAGGTGGTGGARGARACTGTGGCAGAGGTGACTGAGETATCTGTGE

131

140 150 160 170 180 190 200 210 220 230 240 250 260

AR TR AT AT GE GG AR CGAAGAGEACG GG CGCGOANRAT L TOCCAGAACCACCACTOCARACACEECARGGTGTGOGACCTGCATEN
GG

GAGCTAATCCTGTCCAGGTGGAAGTI

AGGAGRAT TTGATGATGGTGCAGAGGARRCCGARGAGGAGI IATCCCTGCCAGRACCACCACTGCARACACGGCARGGTGTGCGAGCTGGATGA

TR TEETOTCERCETCGARGTRCGROAT TR TCATCGTCCRGRC ARG CAROCERCAT T CCECOMANTCCETOCCHGACERCCAETOEAARCCECCANGGT T GCONGETOGTCN

21

270 280 290 300 310 320 330 340 350 360 370 380 390

R AR TG AT oL NG T TGAGAAGG G TGCAGCAATGACAACAAGACCT TCGACTCTICCTGCACTICTI TGCCACARAGTGE

CAGCCCCCATTGGCGAGT'

A CRCCCE T TGO TOTCC AR GRCCECACCAGCTCECERGECCECATTCCECAGT T TCRGARGETGTCCRGCAAT GRCARCARGACCTTCOCTCTTCCTGLCACTTCTHTCCCRCARRGTEE

391

400 a10 420 430 440 450 460 a70 480 430 500 510 520

BT TGO TG T A AT CCC LT TCCTGGACTCTGAGC TGACCAAT TCCCCETGCOCATECGGOACTEGCTCARGAACG

GGAGGGCACCAGARGGGCCACARGCTCCACCTGGACTACATCGGGCCTTGCARATACATCCCCCCTTGCCTEGACTCTGAGCTGACCGART TCCCCCTGCGCATGCGGGACTGGCTCARGAACG

PRy O CRCAREAAECOCCRCARLLTCCALCTCOCTRCATCCOBCETTSCARATACATCCECC T TCE T SCRCT CTOGETORCE G TCCECETOEGE AT CCOGOCTCOCTCARGARCG
521 530 540 550 560 570 580 590 500 610 620 630 640 650

TR T A EA AR AR T AL TG RGCAG ARG TOL GG TGAAGAAGATCCATGAGAATGAGARGCGCC TOGAGGCAGGAGACOACCOCGTOAGLTGLTERL

TCCTGGTCACCCTGTATGAG!

TCTGACTGAGARGCAGARGC TGCTGGC

TCCTGGTCACCCTGTATGAGAGGGATGAGGACARCARCC T TCTGACTGAGAAGCAGAAGC TGCGGGTGARGARGATCCATGAGARTGAGARGCGCCTGGAGGCAGGAGACCACCCCGTGEAGCTGLTGGE

651

660 670 680 690 700 710 720 730 740 750 760 770 780

CCGGGACT TCGAGRRGAACTATAACATGTACATCTTCCCTGTACACTGGCAGT TCEGCCAGCTGGACCAGCACCCCAT TGACGEGTACCTCTCCCACRCCGABCTGECTCCACTELGTGCTCCCCTCATC

CCGGGACTTCGAGARGAACTATAACATGTACATCT!

TCCCTETACACTGGCAGT TCGGCCAGCTGGACCAGCACCCCAT TGACGGGTACCTCTCCCACACCGAGCTGGCTCCACTGCGTGCTCCCCTCATC

CCGGEACTTCGAGARGAACTATARCATGTACATCTTCCCTGTACACTGGCAGT TCGGCCAGCTGGACCAGCACCCCATTGACGEETACCTCTCCCACACCGAGCTGECTCCACTGCGTGCTCCCCTCATC

781 790 800 810 820 830 840 850 860 870 880 830 900 910

CCCATGGAGCATTGCACCACCCGCT TTTTCGAGACCTGTGACCTGGACARTGACARGTACATCGCCCTGGATGAGTGEECCGECTECTTCGECATCARGCAGARGGATATCGACARGGATCTTGTGATCG

CCCATGGAGCY

ATTGCACCACCCGCTTTTTCGAGACCTGTGACCTGGACARTGACARGTACATCGCCCTGGATGAGTGEECCOGCTGCTTCGGCATCARGCAGARGGATATCGACARGGATCTTGTGATCG

\GCAGARL
CCCATGGAGCATTGCACCACCCGCTTTTTCGAGACCTGTGACCTGGACARTGACARGTACATCGCCCTGOATGAGTGGGCCGGCTECTTCGGCATCARGCAGARGGATATCGACARGGATCTTGTGATCG

911

920 930 936

B e el
GCTCACACCACCACCACCACCACTAR

TCACACCACCACCACCACCACTAR

6C
GCTCACACCACCACCACCACCACTAR

A: Map of the pTT5 plasmid; B: DNA sequencing confirmation of the successful construction of the rh-SPARC expression plasmid.
&1 pTT5-SPARC i Bt Frh-SPARCEIZ FRRIDNAF
Fig.1 Map of the pTTS5 plasmid and DNA sequencing confirmation of the successful construction of the rh-SPARC expression plasmid
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A: th-SPARCH#E [ B BN ) 1. B: AKTAZR [T 4146 R 44l 4krh-SPARC, #5 (ANU VISR R A H. C: 43 Tk — 2 4li{krh-SPARC,
WEEINUVIERR HINEA . D: BSATE A R VTAfirh-SPARCI 2L IR % ; 14038 8 FI 4% 1 (protein marker); 28382 uL BSA(2.0 mg/mL); 3
f8#5 uL BSA(2.0 mg/mL); 4832 nL25 Prh-SPARC. E: Auto VP-BAIE
A: Western blot analysis of th-SPARC. B: purification of rh-SPARC using an AKTA protein purification system. The blue ultraviolet (UV) peak indicates the
target protein. C: further purification of th-SPARC using molecular sieves. The blue ultraviolet (UV) peak indicates the target protein. D: BSA as a control to
assess the concentration of th-SPARC; 1 represents protein marker; 2 represents 2 uL. BSA (2.0 mg/mL); 3 represents 5 uL. BSA (2.0 mg/mL); 4 represents 2 uL
denatured rth-SPARC. E: T, value analysis of th-SPARC via Auto VP-capillary DSC.
B2 rh-SPARCHIZEILFIHFIE
Fig.2 Purification and characterization of rh-SPARC

DSC%Hirh-SPARCI Tff
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(50 mmol/L Tris. 300 mmol/L NaCl. 2 mmol/L CaCl,)
B 5 A K Y 3 i V. SDS-PAGE S 718 ¥t i A
B A ARR R 1, FRATVE 4 o — D Ak e
EAF(KE20). J& FHABSAYE N BT {firh-SPARC
3 B (B2D) . B ), 75240 mLE; 75 4k & 2 3t
#3%#]7.85 mg rh-SPARC, 3% H1.57 mg/mL, rh-
SPARCI)7 % 980.04%(FK 1)

N T W 5E 464K (Irh-SPARC 2 75 /2 % #4 5 LA
TG 825256, FATE#4T T Auto VP-EAIEDSCIRK .
B A TKrh-SPARCFiFEZ 1 mg/mL. #£30~100 °CHIIR
FE DX ] A A 28k, 45 3%, rh-SPARCH)
TfE4590.68 °C, F W A€ M (E2E).
2.2 rh-SPARCHIEYEM 4

TEHAT D TE PR 2 11, FATTH th-SPARCH#E
7T ENBERMRE AT, 2 )5 FASF K E frh-

SPARC(0. 10, 100, 200 pg/mL)§% & SKM-1F1K562
Yl g, I CCK-8IR I & AE3AN AN [F] B 0] s (24 48
72 WK E AT G G

5 onp A A B, O % FE(D)E 2 7R, 104 100,
200 pg/mL rh-SPARCZH 7E24. 48, 72 hii 3 411 %
SKM- 141 i ) 85 (P<0.05)(E13A) . HE4F, 200 pg/mL
th-SPARCA (DB 7E48. 72 hi& K T°10. 100 pg/mL
rh-SPARC /b # 41 (P<0.05)(KI3A). 1H &, K56241 i
ff)rh-SPARCAL B ZH A0 HEZH DAE 2 (R i 35 22 57
(P>0.05)(KE3B).

BAVEHAT T — L5250 K PP firh-SPARC/E 77
FESKM- 140 g b B A7 5 G2 0 55 25 W S AR F .
FATH I PR b 75 B i Ara-C(3 pumol/L) FA fih 4b 34
o 5 A A ¥R P Irh-SPARC AR [ 1k & b BESKM-141
J VP A I i % . DIEEoR: 5 AR GHE AL,

1 HEK293FARIALE {Erh-SPARC/= %
Table 1 The yield of expression and purification of rh-SPARC in HEK293F cells

FE AR (mL) #H 48 (mg/mL) M E(mg) P (%)
Sample Volume (mL)  Protein concentration (mg/mL)  Total amount (mg)  Yield (%)
Culture medium 240.0 0.11 26.400 /

Mixture of all elution SPARC samples 9.0 1.24 11.160 4227
SPARC after concentration and dialysis 0.7 14.01 9.807 87.88°
Molecular sieve chromatography 5.0 1.57 7.850 80.04°

HEAEAFZII: 50 mmol/L =¥ HILZ L H 5. 200 mmol/L & AL4H. 2 mmol/L S AL4S, pH7.4. FiNanodrop 200035 i% £ (47280 nm
AR o R 9 11.160/26.400=42.27%; *IRAENT JF 7™ %99.807/11.160=87.88%; *43 T-1ii J& 1 % /97.850/9.807=80.04% .
Final storage buffer: 50 mmol/L Tris, 200 mmol/L NaCl, 2 mmol/L CaCl,, pH7.4. The concentration of the protein was determined at 280 nm
by Nanodrop 2000. 'The yield of SPARC in elution is 11.160/26.400 = 42.27%; *The yield of SPARC after concentration and dialysis is
9.807/11.160 = 87.88%; *The yield of SPARC after molecular sieve is 7.850/9.807 = 80.04%.

(A) (B) ©)
-« - Control-SKM-1
-e- Control-SKM-1 -e- Control-K562 -=- Ara-C-SKM-1
-=- SPARC 10 pg/mL-SKM-1 = SPARC 10 pg/mL-K562 -«- SPARC 10 pg/mL+Ara-C-SKM-1
2.5, =#- SPARC 100 pg/mL-SKM-1 257 -#- SPARC 100 pg/mL-K562 2.54 =%+ SPARC 100 pg/mL+Ara-C-SKM-1
=%+ SPARC 200 pg/mL-SKM-1 -%+ SPARC 200 pg/mL-K562 -+- SPARC 200 pg/mL+Ara-C-SKM-1
2.0 2.0
{“su“‘I F---"""" i
1.5 SR 1.5 _ el
Q > Q ¥
o R eaco==" S 8 % omcrmm [ ]
1.0 & L0 ’,;.i-:-.-.::‘.'_:.': ------- -
p P R T ——— -
05 05 Lt S g T
o* %
’ ’0
0 T T T O T T T
0 24 48 72 0 24 48 72

Time (h)

Time (h)

Time (h)

A: CCK-8fa U AN [ JE rh-SPARC X SK M- 1 4 it 584 & F) 52 115 B: CCK-8A6 U A [/ < JE£ [ rh-SPAR C X K 562400 fitL 484 L 11T 541, C: CCK-8 Rl %
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A: SKM-1 cells were treated with different concentrations of rh-SPARC. B: K562 cells were treated with different concentrations of rh-SPARC. C:
SKM-1 cells were treated with different concentrations of rh-SPARC. *P<0.05 compared with control group.
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Fig.3 CCK-8 analysis of the effects of rh-SPARC on SKM-1 and K562 cells alone or in combination with Ara-C on
SKM-1 cells with respect to time and concentration
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A: flow cytometry analysis of the SKM-1 cell cycle after 72 h; B: flow cytometry analysis of the SKM-1 cell cycle after treatment with Ara-C (3 pmol/L) for
72 h; C: flow cytometry analysis of the SKM-1 cell cycle after treatment with th-SPARC (200 mg/mL) for 72 h; D: flow cytometry analysis of the SKM-1
cell cycle after combined treatment of Ara-C (3 umol/L) and rh-SPARC (200 mg/mL) for 72 h; E: histogram summary of the cell cycle distribution by
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Fig.4 Flow cytometry analysis of cell cycle distribution
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Fig.5 The synergistic effect associated with the decrease in Akt phosphorylation
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