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Effect of Spinach Carotenoids on Differentiation of
Some Human Leukemia Cell Lines

Shigeaki Taxkaci, Kazuhisa Hizomg, Yoshinobu Kmvura, Jun Minowapa®
and Yoshinobu MaTsuo®
(Department of Bioresources Chemistry)

Differentiation inducing activities of spinach carotenoids on some human leukemia cell
lines were studied to establish the appropriate assay method and the suitable cell lines.

Spinach carotene showed a weak differentiation inducing activity on ML-1, ML-2, and
HL-60, while lutein, violaxanthin and neoxanthin showed no activity. Spinach carotene
and B-carotene lowered the cell viability 80-85%, but the above xanthophylls showed no
toxicity. The activity of spinach carotene was increased by making a co-aggregate of the
carotene with lutein, indicating the increase of the interaction between the cell and the
carotene. Useful assay methods for determining cell differentiation were both NBT
reduction and indirect fluorescent antibody testing. The above three cell lines, ML-1, ML-
2 and HL-60, were useful for these studies. HL-60 was the most sensitive cell line in
experiments using spinach carotene.
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Frih & BERRSL M M3 7 5 X 2 (Corining #25100) % FV>T 5 % 3E&h b & BE R M iE
Z5in RPMI-16403z# (Table 1) #5 % CO, 37COHOEKHET CEELTY, “HIZ—ER
HZTHZ ATV e hs L REERE L, AR (ISR E = 0.5x10°° 5 3.0x10° cells/ml) 12
HBELOEMRALL.

AT /A4 ¥ a-AaTy, f-Au T UoIEHERS (BME) £20.38mM 2 2F02L
74 %3 F (DMSO) BB XIZT7T 2 #EEeE L THRA LR, RES/ TV ESER7L >
VIEDNT e MR AbL, FOREES Y Z—T ), ABI—TVIEIHE (46
VIVICERL, RUBETEHICL 2T I T8 7 AICEEIE1244£(2.6x20m 7 7 2., ICN
Alumina N-Super I), RUBHETHEHRS ¢ E6R2FE/ 0T @4 L L DNSO, 720
T brBEHEEL AL, EASXTrF U RUAT I Fr3snsn—71.
T brHI7T: 38, 1 4T ERKEEREG-ETE2T 2 Y ERE L TERLE L
T4 ITEERPICHE > TR 7.

MRRBIEESS ) b+ G LR S HfusEl (MR E = 0.75x10%ells/ml) 35
mlA &E 08 (1,000rpm x 5min) 12 & ) #IE 2 Eo, RPMI-1640558#012 5 %2 7 2 IR IR
MEZ M2 72 BE8nlic MBS0 h, 15mlTOMBERE 7 I R alcakl, saF /4
FEEEMZ T5 %CO, T, 37TCICBWTATERHEZ LIc—E& ) H L CHIBZEFE BIE,
RuUsiaa{biEEiEIc gL 22,

FRRRETE ) FrEER R BT - D IWE2000120.1% T U o TO—TR200 M BTN 2~
4 M A7 —F A CEMEE L &gk > BRMEET CFH L 2.

NBT #EiCik | IrEBEsEE 217 - 72 IEm200 4 2> 5 50408 (1,000rpm X 5min) 12
IR ESHEBEATEAKT 1 BEPEE%E0.2% NBT, 200mg/ml TPA, 4040/ml DMSO, &
U'10% 3EBN L7 & B R MiE % &4 PRMI-164085312004 12 % L 37°C T30 min 4 > ¥ 2~
— 35, ~NEHA P A—F—FHSTHEMET CHERED RN 2i0E L 2R HME
Bl Esra L (AF200MLLLE), SMREICHT 2BEMIEE D % %KD, 21t

Table 1 Ingredient composition of RPMI-1640 culture medium

Amino Acids (mg/L) Vitamins (mg/L) Inorganic Salts (mg/L)
L-Arginine (free base) 200.0 Biotin 0.2 NaCl 6,000.0
L-Asparagine-H,0O 56.8 D-Ca-Pantothenate 0.25 KCl 400.0
L-Aspartic Acid 20.0 Choline Chloride 3.0 Ca (NO4)s-H,0 100.0
L-Cystine 50.0 Folic Acid 1.0 MgS0,-7H,0 - 100.0
L-Glutamic Acid 20.0 i-Inositol 35.0 NaHCO; 2,000.0
L-Glutamine 300.0 Nicotinamide 1.0 Na.HPO, 800.7
Glycine 10.0 p-Aminobenzoic Acid 1.0
L-Histidine (free base) 15.0 Pyridoxine-HCL 1.0
L-Hydroxyproline 20.0 Riboflavin 0.2 Other Components (mg/L) .
L-Isoleucine 50.0 Thiamin-HCl 1.0
L-Leucine 50.0 Vitamin B, 0.005 Glucose 2,000.0
L-Lysine-HCl 40.0 Glutathione 1.0
L-Methionine 15.0 Phenol Red 5.0
L-Phenylalanine 15.0
L-Proline 20.0
L-Serine 30.0
L-Threonine 20.0
L-Tryptophan 5.0
L-Tyrosine 20.0

L-Valine 20.0




RV Y IESOT 4 FAE P ALFREROSIZ BIZTRE 9

FEEE L7,

EA BHEBEOREU L EA-v ¥y FERE; 1,0mlo 5 % 7 L FRIIRBE K &1, 0mloy 74 X%
M7 o RMBRINE#37C, 30min BfES 75 & AEEAE KRBT TLCTHRET S
(EA-33E) . #RBAEE3EME £1,000rpm x 5 min b L TE-~=L » + % B A K0 1ml,
EA-Z8%0. Iml % 10 2 CHRRB12 2R, O0min 4 > ¥ 2 ~X— } 5, Fog, B8 {EIH (800
rpm x 30min) EEEE & - TR v 7—4E 1L, SEMEE T200E LI Eo#Efe 232 CEA
-uty MEREHET 5.

MR ehiikgkic L s lEBS LIRS | obEE CD-15ic%¢ L iz VIM-D5%
J7uar—nLIkE, MY-8ioxtL Cid Anti-MY § & / 7 uF+— itk % —kHidk & THF
AL, 5 BRSEES FITCERSTRIUARE v 2 s e idkdEkic & D MIEERE LIc &
L7z EEAHEZ 70— A b A—F—ic L D ERBL 2. SWEDREIZRDE S N TH
5. MRREEEE (1x 10° cell) %15 o0 Ae F AR oK I B & ¥ C—R U154 % 11 2 T 30min
A Fa—1rF5, EBEEEKIS0 %ML T1,000rpm x 5 mini@®ILL TV 2154
DB KIUK (anti-IgG, anti-IgM) %2 CTHREH3TC, 30min 4 > ¥ 2~—}F L
750 DEFEEI K # N Z 7243k (1,000rpm x 5min) L, #IEZ 500 0 EHERD RIS L
T EPICS Profile Analyzer \=21}, #MEEREBIC BT 50 R F oM % 2 08t
BEizlaame L THET 5.

] ES

1. ML-2 $2filatkic 3 2 407 /4 FoafbsEshi

NBT BIGHEIC L » TML-2 MBI T 2 70T/ 4 FOS{LFEE#REE~ /2, 0.9« M
BEHSOTVBEICBWT2 RV 3 HEEEREMRNEIEr 77y 704 ~5Fr 71,
FAFUSEIFEDH LN (Table 2). -7 0T BZHBEMRELRI o7, 7, W
2B 5 ML-2 oBEERVEFREMEIT 72> 7 LIZIZRLTH Y, ME~DFEIZIT LA
EREDHLNT o Tz,

Table 2  Differentiation inducing activities®of spinach carotene on ML-2 with NBT
reducing method

Cluture time Blank Spinach carotene® -Carotene®
2 day 0.4 1.8 0.5
3 0.2 1.2 0.2
a) Percent of NBT positive cells to total cell nmber,
b) 0.9 xM.

Table 3 Carotenoids bound on ML-1 cell surfaces®

Carotenoid Viable cell number Carotenoid bound on cell
surface
(Cells/ml) (pmol/cell)
Blank 10.2 x 10° 0
a-carotene 10.2 x 108 1,18 x 107°
[-carotene 10.4 x 108 0.96 x 10~*
Violaxanthin 8.5 x 108 1.40 x 107
Neoxanthin 11.2 x 10¢ 0.78 x 107
Lutein 18.0 x 10° 4,70 x 107®

a) Cultured for 5 days.



10 KRR - FESTIA - RATEE - I - RERE

Table 4 Differentiation inducing rate of ML-2 cell by spinach carotene-lutein

co-aggregate (%)

Carotene conc. (uM)

0.9 1.8
Culture time (day) Lutein/carotene (M/M) ,
0 2.5 5.0 0 2.5 5.0
2 0 1.9 0.9 0 2.2 0.5
3 0.3 1.9 2.7 0.3 2.9 2.3
4 0.3 1.9 1.8 0.3 4.1 5.1
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;E? 3r 100 THEVER

RN & BHEH T T L g w T YO MRS
9 AN o g TAEESIE(, XMETHEERELZRRLL
S, Rl | AR E OREELARR R U B T B B
2 1t >R g | PTYonuT /A FoREREAEL b
8 R B ZZTa-HuTy, f-HUTY, LTAY
© Z eAsxrdr, AAxHrFrERANCEAD
= 05k 170 = %/4Pmﬁ@«@ﬁ%@0ﬁ&@momf%&
Z B . £20mEAREEE (ML-1), K&H T T /4
5 0.3 b l‘()%fécﬁ‘l,uM rkoieimz, 37C, 5% CO,
e 4 T 5 BRSEREAT - 1248, IR 5 8mlk -
N Sramren THERBREE 7T /4 FERIC, L2004 % 4

Calture Time (daye) BasBIsEIc B L 72, MBI A IS SA E A7
uture Lime fdays B0F A FOEREKD LS (2FF-7. 5HHE

Proliferation and viability of
ML-2 cells incubated with spin-
co-

ach carotene-lutein
aggregate.

Spinach carotene,

1.8 xM. @, Blank control.
Molar ratio of spinach carotene

to lutein, O, 2.5; A, 5.0.

4> % 2=} L MREEEED, 5 RILL TR
% 10ml B ALK ClRiRiE, kit —7
U UAMI—T (10 1) 10mlic & » CTHIHL,
G, BEEE BAKERETCZS /—A3mlicE

R TR A7 PR BEIEL 72, ¥R%E Table
3T, RS T A FBTAT A v ofisE

EK'?LA%M@&HG?L“CBO 502 RLTHY, 2uT rRRIIMBLHEEERZITIC <

ZEhbwrb, X,

NTFA>DEE|Z

(2R AR

EREICEAL TWEOPARTERES

7z,

BHIZ, VTAYRIZBIT2EMBBEIZT I 7% L { LRTHEITEZ W,

3. BEHTT-VT A AR ML- 2 Mgz xtd 2 b Esh R

Table 2ICRL 72 ) icha Ty EHOBERIILTA > DZ NN 1 /501IBE LW La®
BHLPIZ 72T, MilB~DAaT /A FOBMEERZEMEE272H g-FaT > 20T
4 > & AR (Co-aggregate) & LT ML-2 A hHEER 5 FN:, f—haF
T BNATA>DENLEL2LRUS.0E LT g-Au 7 Y BE®0.9uM RU1.8eM T
NIHER, Ao T VBREFEANT A Y EFSWEAIC NBT BEMEZE L, SRy
KAEED LN (Table 4). 1.8uM-p T Dt EEFERMETHEEI N Fig. 1).

4 . MRS G R R O RET

SACFEENTHE S L T2 22Tk NBT BXER2HWTWE, EEHaT 0 ML-
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2 A~ DOSEF LTI BREAIEDO 5N L nm, 5 3RELIELS NBT EBITES S 0
T4 FOBBEAS L RITTEEL2EET D OICHTLLBL LITE 20w, T4 bbb, NBT
FIGEE Tl B ERERUN D F RN DB E R TIBAICIEEEZ RET & D
HHEBHLNG, 22T, foabBERMEs L CEA-u¥y MERE (FCL 275 —
D), RUTEEEESHREZ HYv, Z2USZ TF 4 P3G & 2 BBt EsE
ﬁm&%mwfﬁwtﬂﬁﬁmgﬁéﬁot.ifm%ﬁﬁﬁ%%EkLT%%hfwév
F /A BERH-TML-1, ML-2, RU HL-60Ic X9 2 iEE% NBT BITETHNS &,
VF A ERICk BIBERTESROLNDY, FEHIOT /A FPOEELISLENED
Bz Tbhbb500nM v F /4 vEHEEx ML-1, ML-2, HL-60i3%&5 %, 6.5%,
12. 3%’(?007” VA B HL-60IC 55 25 EFEEER SN0 TH B L ENTw 3

, AEBICBWTIZ12.3% (5 HIEEE) ICBELh -7, DI ELsH, BRERIIBNT
NBT%%&#MTL%%ﬁﬂ%@ﬁ%%gﬁﬁﬁiﬁkﬂEzﬁwuk#bﬁémmw
Yo M ERENEREE N (Fig. 2). EA-vxy F BREERE ML- 1 M L CER
B DRERFEIROLN, VT /[ v BOSEHEEREOFNEE L C3EMTH S &
R 25, e LT, ML-2, HL-60Ic 72w L TIZ(D)FRMEOMIE TT TI250 % F2E
DFC-L 275 —PHHRALTwB Ik, QEA-mv¥y F EHRENERFNEE D/ NT Y X2k

XWZEhb, KEELVF A VBUWTEATT 4 Fizk b E B nEIES Lo S

= = 100F

1007 i1 100F nr2 HL-60
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Culture Time (days) Culture Time (days) Culture Time (days)
Fig. 2 Differentitation inducing activity of retinoic acid on ML-1, ML-2 and HL-
60 with EA-Rosette formation method.
Retinoic acid : @, 0; O, 20 nM ; 4, 100 nM : [, 500 nM.

Table 5 Differentiation inducing acivity of retinoic acid to ML-1, ML-2 and HL-60
cells by indirect fluorescent antibody testing for CD-15 and MY-8 as
differentiation antigen

Antigen CD-15 MY-8
Cell line ML-1 ML-2 HL-60 ML-2 HL-60
Retinoic acid

0 nM 2.04 2.32 (.65 0.70 0.66

20 3.43 3.59 0.86 0.92 0.93

100 4.10 3.45 1.27 1.26 1.24

500 4.65 3.36 2.68 1.29 1.82
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H.!

B L TETITEWEEZ LS,

BT, BgEE eI & ) MIRERSIHESRRAFTEFBEOHEIC DWW THRET L 72,
ML- 2 o4 CD-15& MY-15M#IRIC DT, VI ./ 4 »BRIEERFNICE R E
ML Tw3(Table 5). 2z &a 5, ML-2#8i3VvF /A > BT & Y EREF BI~21L
TLZEMELLTHSL ML-1iI22WwTh ML-2 S HEUNERCMEEmEZRL T3, £/,
HL-60ic 2T { FERkic CD-15, MY-8 bR N EEEELRIEL 2 &2 A, Wihd L
F A4 VERBREICHAIL TRl ERERAIEANSLL T3 Z AL h & % 5 7z (Table

5). INLDFERY L, HRRBSMIMENRHELRET2HEREIVF /A4 PRI T/
£ P LB EEE 2 RETIDICERLFEND 1 D2TH D L hibd -7, FO¥E, HL-
60i3 & { ICHAMEDIRH LIS,

Kiz, 74 FREEEHCCEBORENE 2 SEEHEEY 2 FErr oS {bFED
EFRFHEE S L TERATH 22 ) 2 2RET L2, VF /4 BEI00nM K U500nM 5
L7284 ML-2 BUf HL-60fi8i 9N MIBERNICHEEanERN» L CHEL, 256
WD ELTWBEI ER L, ZT5 2 Mg R EREREMIBICEHE S 2 icafb L Twa Z
EEEI N (Fig. 3-A, B). L7275 - T,
ARG LSRR EZHREIC L > THET 2
TeHNHERLFHEEEZ LD, LEOKR
b FELOMIRIC SO Rl & L Tk
MR ePiiREE, RU7 A4 b %’é&#ﬁm z
EPBBLE o7, VR4 VERE W
BA, WINaFERETLERERF R~ L
TWwEZ EFRENZIZL LT, NBT
RITHETOB MO FHEERY SRS & g
THRRICE N L DEHIIRHATH 5,

5. B¥EHuT>nML-1, ML-2, HL-60
2T 3 LB EIEE ORRET.

VF /A UEEEBEWTE  E IR
9 BN EE 3 BRIT VT L MO BURE R
W74 PREEIC L B MasbisEmin e L
THRATHLZ Edbhr o7z, 27T, LiC
D3RV 2 FEZACTEEInT O
SACEEIEE 2 A

T4 MRBIZBWTREEI 0T EnT
NOHRBEICBWTY, T l0Migics
WL TBENEILEFRE L 2 - 72 (Fig. 3,
C). —7, MEiEuiAkEiz v Ti, ML-
2, RV HL-60oWMAgIz>wTix CD-15
& MY-8 4Btz I Ny EIEI o T8
Bl L CzoRABFEML T3
Fig.3 Photograph of HL-60 cells cultured ~ (1able 6), F&H%H, ML-2R U HL-60

for 5 days in the presence of retinoic =~ ? CD-153IBENRBIIFREA 0T > 1 M fiE

acid or spinach carotene. A, Blank

, TN B e AL R
control ; B, 500 nM retinoic acid ; C, AL 7eHe, 1.9-2. 3 EHmEL S L TR

500 nM spinach carotene. BIER AN FBEINL I ENDELD
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Table 6 Differentiation inducing acivity of spinach carotene to ML-1, ML-2 and
HL-60 cell lines by indirect fluorescent antibody testing for both CD-15 and
MY-8 as differentiation antigen

Antigen CD-15 MY-8
Cell line ML-1 ML-2 HL-60 ML-2 HL-60
Spinach carotene
0 nM 1.49 4.46 1.44 1.16 0.73
100 1.97 4.03 1.65 1.48 0.85
500 2.52 5.49 2.61 1.39 1.04
1000 — 8.61 3.38 1.64 1.51
Stored kol ZORRELVAL A

VEEDIEME (Table 5) ¥ Mk
T5E, EHITT T ML-2
MLV A4 B
DBFBLEEZFT LI b
5. —F HL-60TIiZ, &EH
FrNERIILF A ERED
BHUK, L7zdt»> T, BRIES
T iEvF A B E L
TRRPTHWAEELAICE FAEM

WO EFELEE R D

ﬁwﬂﬂwﬁmmwlkwm_wJL_*“M ZErbh b, £z, MY-84
—+ ‘ : — {LFENFBUCOWT L ML-2

10 20 30 0 pHL-G0eH LSy 0T
Retention Time (min.) BIEHEETRL TV DY, ZAb

: : DIEE, VvF /A BRDEED
e i L

Column, Capcell Pak C,s SG-120 S-5um. Mobile (Table 6), BExRrEkFm~51t
phase ; 1) Acetonictrile 2) 1, 2-dichloroethane : - . - .

2-propanol (1/2, v/v). Flow rate, 1.0 ml/min. FEL T2, o &L
Detection, 458 nm. RERES T UESIET e R

BIRE L T—20CIcH 4 » AR
BL2LDOTHBY, FORINZART FLZHEEL 4 - ABOLDIZOTHET S &,
HERAOBNSEML Tw 20T, RESEFICHI 2T 2B EZT T 5 2 EPTR
AN, WA HPLCICXDENB L Fig 4 DL i g-7u T it TEENE VWY
HPELTED, HEOMEBEUBFEIRE T 2L 20 ERMELD v, 208D
WUHEREI T VY RUXF Y P74 VEEBELTER L2225, £4nT /4 Fliw
TNy ML-2 B HL-600 b BE LI S o722 & b, B3 L ICRE I ULET
»5,

A 458nm

Fresh

% =

AR & BB IR 2T AT L Y Y s T T A FOSEEEIEY
BT HMAZRL2IE2EBME L UT-> 723D TH B, FTNEEBFZZORNIZE -T2
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R R DRBIRET 720D TH B,

MBI I3 EREZFER (Myeloblast III) o» ML-1 & ML-2, RUBIERER (Promyelocyte)
7 HL-60% Fv» 2 1L 5 kb AERIER (Granulocyte) XiZ #EK (Monocyte) FHEAD
BRSNS L. MUBEEED assay H& LT NBT &i0is, BERLhikEd
LE3IEOMBIZHL, huT /A FOSLEEOFHEE: L CLFRTH B Z Ldvhh o7,
F Mo assay i (EA-v¥y FERERF T A FREE) BvF /4 v BEERL 2SS
DAFHATH 12 FEH T VEDICE L-70T >, a- T RUDEDXF > P74
NHEZENTWELDEHCTD, WTNOMIBIZH L T EFEEET- T 5 2 &R
Bz, INIEHL, AT rREERERS b o7 (Table 2). ZHIZIRETHD B
~AhaTr MR EDEEERPTHWC L 20 E 2, MRBICEAEN K E v (Table
IINTA > EREEGERELETHRAT 2L, 8- 70T B L) LHEEEZ AL (Table
4), Tz ki, EL»IC g-ha Ty MR E OBESAT A v EMAL TERL,
SLEWICHE L5 T2 2RTLOTHY, FEH T »iEEEART (Table 2)
DEFRETLXT>2 Y 74 VEOEIEZIRDS D> 727D EFEZ 2 EFHKRS, BFREH O
T/A PO MER AL E S-S Ty, B TXY T, 2T XT T
BUNLTA T obiEEEZRL Ty, L L, KEESTEAKREERLST
WILTFAYEETTA-Ha T diEEE R LI MBI 2eT /A4 FolEl 2%
Z5I)XZCEELHMRAKC LD ERBbNs, 72, XY P74 VEFIZEACEEEZR
BhWI ELBLRIT T,

s oMlasbEENFEIL L ERERIC VUi D, NBT &k CD-15, MY
- 8Cxtd A B E N PIREITEHEEICERE TH B I L 2HLPICTE R, 8512, 22T
Az 3ol i b bFEEREcFER tH 505, ZhTd HL-60i3 CD-15
AR MBS ARbEL I LIk - T, LBV TRAEMIZELBMIETH
5T Edbirod, B, BWERRICBTL AT /A F (2T, AT
/A FPEEBY) OSEEERIZ W TS, EEBRNEE, EEERE~0ES
T EFEIT LN T OB RHED AN L\, KEREDHERE, EFEOT - FHICHT 2 —
AT DORMBICOCTERNT— %252 T80, MErE£Ici3abl T willagk
50027 /4 FOGILEERNREZRNE 20D assay RO L3z, FRICHERL
BOMIARERK L THBRORBELT BN E2FH - RS EICHT LI ENTE LN EE
25,

i =

FTVYYIEESUT /4 FOE P ERED BRI T 2 b HEEEL NS
rEEHC, 20O BRI AET A EREEEDRR, K UHIkORIR LT 72

RV Y TESeT E ML-1, ML-2 R HL-60fEEOMEBEEEERL, LT
A2, EXTFXHYFL, AAFFLFoOXH2 74 MERIBEERRI G572, kY
LY wEsn T MO EFES80-85% IR F I, X b 7 4 LOEEIZED
THW., 2070 F > OSEHEEFEEIL 74> L ORELKREIELE L2 L2 & - T8N
LT, 2 oFy Mlas oMEEROENETRTLOTHSE. 707 /4 FiHE
W BA DS EHEIEEREE L L i3 NBT BT & S tikEr BB Th - 2. 5
BRI Y LT EE 3 MBI CTROERTH 2%, %2 Td HL-60lk R 7L > Y 7EEyn
Trick a0 tBEREL R L ECEIT S,
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# B

ZOWRE, PRITEED L 3FEEE T 3FMICE S BILKEENEEIE £WEED 2 H OMILER
EHREEME] AL TT-> 23D ThH 5, BEL TUEHNELRT 5.
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