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Anticancer Effects of Vitamin D3 Analog on Human Leukemic Cell
Line(U937) and Role of Vitamin Ds; Analog on Immune
Function of Human Peripheral Blood Lymphocytes

Soo-Ja Jung

Dept. of Food and Nutrition, Pusan Women’s Junior College, Pusan 614-734, Korea

Abstract

This study describes the effects of 1,25—dihydroxyvitamin Ds{1,25(OH):Ds, calcitriol]l analog, 1,25(0OH)»
—16ene-23yne-D3 on proliferation and differentiation of the human histiocytic lymphoma cell line
U937. This paper also describes the effects of 1,25(0OH);-16ene-23yne-Ds on Y—interferon(IFN-7Y) syn-—
thesis by phytohemagglutinin—activated peripheral blood lymphocytes(PBLs). In the present inves—
tigation, 1,25(OH)2-16ene~-23yne—-Ds was compared to the natural metabolite of vitamin Ds, 1,25 (OH)2Ds.
1,25(0OH);-16ene—23yne—Ds was more potent than 1,25(OH).D; for inhibition of proliferation and induction
of differentiation of U937 cells. Its effects on inhibition of proliferation was about 30- fold more potent
than 1,25(OH)2Ds. On induction of differentiation as measured by nonspecific esterase (NSE) activity
and morphologic change, this analog morphologically and functionally differentiated U937 cells to
monocyte—macrophage phenotype showing a decrease of N/C ratio in Giemsa staining and the increase
of adherence ability of surface. After 3 days in culture, a more significant supression of IFN-7 synthesis
by PBLs was achieved with 1,25(0OH);-16ene-23yne-D3 than with 1,25(0OH);D3. The effects of this
analog on supression of IFN-7 synthesis was a dose—dependent manner, with peak activity at 10 "™M.
The strong direct effects of 1,25(0OH)2-16ene-23yne-Ds on cell proliferation and cell differentiation,
make this compound an interesting candidate for clinical studies for several types of malignancies,
and the effects on supression of IFN—-7 synthesis provide the further evidence for a role of 1,25(0H);-
16ene-23yne-Ds in immunoregulation.
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FE2E ¢ rH10). 1,25(0H).Ds =427} &-H¥ mo-
nocytes®} mitogenS 2 BA3E TYstE o] 32
22] T3 A Eo]c} Monocyter ©] Z 2ol 23] mac-
rophage® #3}7} 2215 (11) antigen presentation
ol 21141 2] monocyte?] 71%5°] FAH et g mito-
geno 2 BA13}¥ T uToll= VDRe] $E =1 (12) o]
F 282 Tdg-o 3l cyclosporin A9}t Zo] HE ]
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(OH)2D3%} ©19] % A & preleukemia 2k} AXA
F(psoriasis)AHoll Al FoI& A3} preleukemia A}l
A= FtaadrH15), AAA BRI Al s fe] o
FoL AAAze £31=E 291671 T2 Veyte
1} #2171 hypercalcemia® f-itsle] x[&A4 el Fol&
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e} hypercalcemia®} hypercalcinuria 52| #2H4
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2 dFE ol SH oz gl vel Dy =
Ao getiztel AP 247 5-L 27 1,25(0H):Dy
o} vlx HEs Al gt HA Al A3 A7
A= A EE 3o BT modelZH Feol o] 43 & ul
9 A E9l U937 Al #(human histiocytic lymphoma
cell line)ell A&t o] 3£ FAGA B £3&531
295 ey o, £3 g FolMe A EY 248
A, Jej gty WalE FAslo) w3t o] siglEY W
= FH7)%5-8 #l3}7) 93] normal human peripheral
bloodol| 4] #ald s} 2% interferon-gamma
(IFN-MAA o gt f-=A2] 3¢S HESIgh
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U937A4| £& ATCC(Rockville, MD, USA)°lA +
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4]3led 10% fetal calf serum(FCS: Gibco, Grand Is-
land, NY, USA), 1% penicillin/streptomycin®] 3%
RPMI 1640 ¥l A} (Gibco, Grand Island, NY, USA)ef ]
4 wiekstod e n 37°C, 5% CO, AL F-A3H5c}.
38 4703 Al o2 4E A8 ¥ YolA] Ficoll Hy-
paque(Histopaque: Sigma, St. Louis, MO, USA) den-
sity gradient(1.077g/mDell €]} peripheral blood mo-
nonuclear cells(PBMC)-8- ¥ 3}¢ t}. PBMCE- plastic
B 7)ol A 6A17F F<t wlaFsle] wjelr|el] F-2sl=
o) §-£-2] monocyteE A7 314 peripheral blood lym-
phocytes(PBLs)& %29 Wright-Giemsa 44z}
nonspecific acid esterase 444 nonadherent mo-
nonuclear cells< 3% ©]3}%te] macrophage & vhet]
913 ) 22 lymphocyte morphology & vreh ek,
#2]3 PBLsE 24-well platesell A 37°C, 5% CO; 27
©.2 109 fetal calf serum, 1% penicillin/streptomycin
o] g1 RPMI 1640 u =] o 4} 1 10°cells/ml A E &
T2 ZAsod ujokaled  wioF Z7) o mitogenl 2
6ug/ml2] phytohemagglutinin-p(PHA-p)& 2o} l
Fstsdch

H|EI2! D; Slet=

E A3 oA A18-7 vjelul D; 31388 1,25(0H):
D39} 18] f-x44] 1,25(0H)2-16ene-23yne-DsZ 4
(Fig. 1), 10°M $E2 F5oghgol] Foj4] -20°Cel
BRI F AP AR Ao FCSoT = Al o2 RPMI
1640 v =] o)) 5] A]A Ag-stsdch vk A el -2 ol
@22 FEE 01%7F dA @sker o] FEw AE
AdAbol] of 3-8 FA) ergity. AH4-§ 3H§HE-2 Dr. Usko-
kovic(Hoffman La Roche Inc., Nutley, NJ).2.2%-¢]
AFL-0.2 7| SHolA] ARE3ic)
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10% FCS9} o8] 712 F=(10""M~10"M)9] v &
91 D; 3HgHE-o] 551 RPMI 1640 vl =] of] 1X 10°cells/
ml] F=2 U937 Al ZE Yo 37°C, 5% COz 27 ol A
490 7t viok3F ¥ AtolglE A E4E trypan blue® &
At A3 {3 AY S duplicate2 3 A3 A
g F@Fstg on AFAAEL g2 AR o
g g2 el

M=zZs g

u)e}ql Ds 33HEel 9% U937 Az #3& a-
napthyl acetate esterase[nonspecific esterase(NSE)]
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1,25-(OH)2-16-ene-23-yne-Ds

1,25-(OH)2-Ds

Fig. 1. Structures and chemical names of vitamin Ds com-
pounds evaluated in this investigation(“Ene”
and “yne” refer a double bond and a triple bond,

respectively).
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AEE 10% FCSe} 5 =& 2e]d vlenl D; 31 E
(107"M~10"M)°] -5 RPMI 16408 A} ol 4] 37°C,
5% COz 271 0.2 447k wF3t ¥ Al 25 PBSE A2

- cytocentrifugedl] & A EE &afo]=ol] 2 A
A oF £ Wright Giemsa/Giemsa$d 4§ 3l mor-
phology ¥13t8 #2339l d¥= NSE 2d {-Fl
o] 434 th & NSE B4 & a4 selel=F
citrate-acetone-formaldehyde-8 <% (25: 65 : 8)ol ¥}
A Aol A 3027 AEE 2 A ohg 1ml fast blue
BB 7]49 iml sodium nitrite 4, 37°C#] 40ml 5
F4*, 5ml trizmal$% pH 7.6, lml a-naphthyl acetate
-2 E3telo] Leto] =g o] 3T°CAA 30E7F Y
& abdsle] w8471 F hematoxilling-< ol 4 237
o Asle] syt 7H8 U374 7} monocyte/ma-
crophage 2 £3}3}4 == %’—]5‘—(pseudopodia) 2 95
o A “ﬂ°§7] o B35} = v s ofdr]ol F-3hshe Al
29 £& #Asle] BIFFF-E FAspsich

IFN-Y 53

ZAF) e} ¥ o of 4} #2373} peripheral blood lympho-
cyte(PBLs)E 1x10°cells/ml 5 %2 24-well platesel]
4] PHA (61g/ml)5} w}ehal Ds 3Hg-E(107"'M~10"M)
£ o] 37wl F g & uiFd S A ’ﬂ-‘v’—"i] 3tod A3
A& -20°C o) 5ol RAs}e] [FN-7 A of o] 3% 2
w JFN-v &3-2 enzyme-linked immunoadsorbent
assay(ELISA) kits(R&D system, Minneapolis, MN,
USA)E- o] $-8}o A8t} & IFN-7oll E°]8 mu-
rine monoclonal antibody$} polyclonal antibodyS A}
£-3}ed sandwitch enzyme immunoassay3H o ¢} sl
IFN-7& 450nmell4] microtiter plate reader2 24 3t

2o @ 2%
U937 M=ol chst H|ElD] D3 FEA2] MEX sl
0
o] 2] 252} malignant cell line(4,5), 3 4+ 21 mono-
cyte/macrophage(21), A 3= T J77-(21) Sl A
1,25(0H):Ds =84 9] W73 o 2 w|elnl D v £-8] A <}
WAL Az HAH | AF Aprb ARtEG e AT
747 @eiAl o] 3B R AEA 7)ol oE A4
9 otz A 2o A B3xAE 2H 3 S
3 A2A 752 713 WA 24 g2 850] #a
F9ict. 1,25(0H):Dse o1& 7HA] 5414 A (prolife-
rative disease)d] X & A7} Qe AR A7E
gleor} Az fi’rXM] A &% 23} hypercalcemia,

hypercalcinuria 2 A4, A, A= 5o 433248
op7) Al Habg o g A Tol A9 o] 4ol Al
vt

weba] A2 A EFA 3 B3tz o g A%E
AR BpAlol thE FAdel F2 A2E 1,25
(OH):Ds -4 2] Aol BAlo] A= w 9t £ o

L oolaigl B2 o 2 s utgl 1,25(0H)Ds9] =414l
1,25(0H)2-16ene-23yne-DsE o] &3l =¥ AME 2
Sol| ot A TF shs w24 gl o] &5 & U937
A| % (human monoblastic leukemia cell line)ll =& &
A Aot 25ER EHE 1,25(0H)Ds9} v 2 F E 3
oot

U937 A Eol dgk vl etnl D fr=A A &
3} Fig. 29} #ch U937 A E£34] 717F % doubling
time 30~324] 7ko] ¢l 2.5 1x10°cells/mi®} Al E ¥
T2 AAste] 4~54 ojulof] Ao Al X F=& vehd
At} 1,25(0H)2-16ene-23yne-Ds= A H A F=F3t
(10 "M ~10"M) ) A control culture(s] eFof o u]el=)
Ds StgE2 24 o= Al &l e A Az
= bl gloen 53] 10°MF 10'M] FEA
control cultureol] B] 3} z}7}F 8394, 95%2] A AA & &
2 vepl 3 gle}. 1,25(0H) D% A FE7H10™
M~107M) A A EFHE etz g2 o] 1,
25(0H):Ds7} U937 A £A] Aol A&l A7) 55 ¢
& Qlsson 5(6)8] A7 stx A= g} 1,25(0H)e-
16ene-23yne-Dat 50%2) Al 205 = 8§
%% (EDs)7} 0.8 % 107°Me] 5§ (Table 1), ©1& 1,25(0H)2
D3] 25%107°Mel| ¥ &) F 30882] AAA &) &7} Q)
T 16ene-23yne-Ds= 1,25(0H);
Do} F& S’Jr Hhﬂf}oq 16M 3} 179 ¥4 Alolol = 2%
A gho], 23 3 249 w4 Atololl= 3% FAEol FrtH
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Fig. 2. Dose-response of 1,25(0H):Ds and 1,25(0OH)2-

16ene-23yne-Ds on celluar proliferation of U937
cells.
U937 cells were seeded at 1 X 10%cells/ml and cultured
for 4 days in the presence of 1,25(0OH).D:(@®-@®) or 1,25
(OH)2-16ene-23yne-Ds(O-Q). After 4 days, cells were
assayed for the number and % cell proliferation was
expressed as the percentage of the control culture.
Each point represents the mean of three experiments
with duplicate dishes. Control culture contains 4.5 X
10°%1.1 X 10°%(£ SD)cells/ml.

Table 1. Effect of 1,25(0H):D3 and 1,25(0OH)2~16ene-
23yne-Ds on cellular proliferation of U937 cells

Inhibition of cellular

Vitamin D compounds proliferation
EDsof X 10 mol/L)
1,25(0H)2Dz 25
1,25(QH)2-16ene-23yne-Ds 0.8

EDs represents effective dose achieving 50% response
(EDsp) calculated from dose-response curve shown on
Fig. 2.

SPEERELEECEERPELERLEEL
AAAe] ol ez J4Er} o]+ HL-60 cell(hu-
man promyelocytic leukemia cell line)®} clonal growth
A Z T ol 9lelA 1,25(0H)2-16ene-23yne-Ds7} 1,25
(OH):Ds¢l| vl &) WA &7} Zch= Jung 5229 4
T Auelx Xt

U937 Mizgsiol| th3t 1,25(0OH)-16ene-23vne-
Dz &8

Abere] Z4:4) 7} A %.(human myeloid stem cell)7}
macrophage 2. £3t& w9} #}371x] 2 U937 Al £7t
monocyte/macrophage 2 3% W A X3 A}
2} 317 nonspecific esterase(NSE) & & 3ch. £
Foll 4 = U937 A £33t di¥t 1,25(0H)2-16ene-23
yne-D39] E7-& 7 E38}7] $)8) NSE 84, A X3

w3t g wjo} 2rlel) X} 9152 FA st wjdr]dl
Basle A x50 2ol 5 FFsg e 1 AAE
Fig. 3, Fig. 4 ¥ Table 28} #t}, Fig. 3:& ¥ el9l D3
3§3-¢) 9% U9374) 29 nonspecific esterase @4
AN vehy 7 gl o] B3E A xS 713 dark red
colors = A=}, Fig. 3¢ v}ehd vle} 7o) 1,25(0H)2-
16ene-23yne-Ds= U937 Al & monocyte/macroph-
agedt §AY A2 E3A7Y BREHE T Y
£3 02 Jehtx gt B3] 10°M FEME 0%

1,25(OH);-16ene

1,25(0H)2D+(10"°M)

=,

1,25(0H)2-16ene-23yne-Ds(107 M)

1.25(0H);D5(10™"M)

Controt
Fig. 3. Level of the nonspecific esterase in U937 cells dif-
ferentiated by 1,25(0OH)zDs and 1,25(OH).-16ene-
23yne-Ds in a dose dependent fashion.
1937 cells(10°cells/ml) in RPMI 1640 with 10% FCS
were cultured for 4 day in the presence of 1,25(0H)zD;3
(10 "M~10"M) or 1,25(0H);-16ene-23yne-Ds(10™"
M~10"M). At the end of culture, cells were stained
for nonspecific esterase(NSE) activity as a maker of
cell differentiation. The differentiated cells were in-
tensely stained to dark red color indicating mature
macrophage, and the induction of differentiation of
U937 cells by 1,25(0H):Ds and 1,25(0H)2~16ene-23
yne-Ds was dose dependent. Control cells have less
than 7% of NSE-positive cells(x200).
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Control

Fig. 4. Morphologic changes of the U937 cells induced
by 1 25(OH)2D3 and 1,25(0H)2~16ene-23yne-Ds.
Cells(10°cells/ml) in RPMI 1640 with 10% FCS were
cultured for 4 day in the presence of 125(OH)2D3
(a0 “M 107"M) or 1,25(0H)z-16ene-23yne-Da(10™"!
M~10"M), Cells were washed in PBS, cytocentrifu-
ged and fixed in methanol and stained with Giemsa
for 10min. The smooth and small form of undifferen-
tiated cells were transformed to the ruffled large form
(indicated by arrow), and showed decreased N/C
ratio in Giemsa staining( X 200).

o] 4ol 10M F T ol A& 90% o] A2l 23 ETE B
o3 9lch 1,25(0H):D:% A =710 "M ~107
M)A F& oj23 2] 2855 Jehllg 10'M 5
ZoAE o 50% o) Ake] AErt B35 gles ¢

4 lch(Fig. 3¢l vrebhd A1 £4 o;l ol A, Bz
T-(vh ok o) wElR] Dy B35S 9] e A4
= ‘2}‘ 7% o] 3}2] A Euto] macrophageg} AR Al E

3= 9le-e & & gk
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Table 2. Appearance of adherent U937 cells in the cul-

ture flasks
. . Adherence of U937 cells

Vitamin D compounds 10° cells per culture

Control 0.05£0.03

125(0H)»D;  107'M 0.07£0.03
107"M 0.18£0.08
10°°M 0.46£0.18
10*M 0.76+0.28
10°"™M 1.34+0.50

1,25(0H);-16ene—

23yne-Dj 10"M 0.32£0.11
10'M 0.41%+0.16
10°M 1.16%0.35
10*M 1.86+051
10™ 2.57%+0.80

U937 cells were seeded at 1 X 10°cells/m! and cultured for
4 days in the presence of 1,25(OH)2Ds or 1,25(OH)2~16ene-
23yne-Ds. At the end of culture adherent cells were counted.
Values represent the mean®SD of three experiments.

= A2 d827 ruffling @A4Fe] vrebvbe N/CH]
(nuclear/cytoplasmic ratio)7} ZtA8bH A 0] &3} Al £
o vl Al E2] =7]7} AZ A& & WUrkFig. 4. Al E
2] el sd Watell A% 125(0H)2-16ene~23yne-Ds
o] 23k U937 A £9] ¥3}7} 1,25(0H)Dsell ¥l &) 531
o] vbehtar gleh, #3lo) wpE M E2] A stA, He
g3 W sle} o BolA] o) Zr] el = $E(pseudopo-
dia)& eI A vk Aol A X7} ¥-ESA = o H|
e}ul D; 31588 Ar1g 2o upe) FAsks Al
7} A3} golAl & A4 24l & 5= 9 2w(Table 2) 1,25
(OH)2-16ene-23yne-DsE M7} wiefr]ol A= 1,25
(OH)D:Z 3713 widr v} Ratsl= Al27F "4
S-S 2l & 4= glrk uleby ol dFHARE 1,25
(OH)z-16ene-23yne-Dy7} U937 Al & Jejstrog
T 71%5* ° 2 monocyte/macrophage® £3}1A7)&
o = glem 2-3}a 7= 1.25(0H)Dsol vl F4 =
d3le o]+ U937 A EA A A Aol gloiAl 1,25
(OH)oDsxth E4 & 7o g Jepd o] 9+ Z5
95 dxgh}
olelzte] ¥ A-tA ol 93 1,25(0H)2-16ene-23
yne—D394 U937 Al Zof gt ZAl A9 B3}&E32] &
+ 1,25(0H)zDsell visf] @4 & A2 etz )
t}. 1,25(0H):D; 542 intestinal calcmm absorption
(ICA)#} bone calcium mobilization(BCM)¢ll 213+ hy-
ftolch Zhou £(23)ef g 92 &
A2 g @FellA] o] Fr=AlE 1,25(0H)Dsel ¥l ICA
£ 9k 308 o}3}9] A&, BCM9] 7% 2 500 ©]312]
AL e AR 3ad 3 gt} 1,25(0H)Dse

percalcemia®]
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A2 9] 1,25(0H)Ds 4~&Al(vitamin D receptor: VDR)
2} Agtsled 84 el o] receptor-ligand ¥-§
A+ ¥ ebgl D wk-$-%-3 (vitamin D response element
: VDRE)W 9] gene expressionS 24 §tc}, ujelx] v)
b9l Ds 24 & o] =442} 331% o) afe} A 53}
A &Ado] FetAlA et Jung 5(22)9 Aol 93}
™ 1,25(0H);-16ene-23yne-Ds= o] 449} 9] 313}
#o] 1,25(0H):Ds¢F Bt} %7t Y& o2 wax 3
Slet =3k ¥4 $ubhulA (vitamin D binding pro-
tein: DBP)3} v]elgl D; 3}3H&-3te] A3 38
o AETA A4S e 8otk 94 Jung S
(22)°l 23 1,25(0OH)z-16ene-23yne-Dsx= 1,25(0H);
Dsell B] & DBP2}e] 313}30] AR Fgo] s g
L ol v ¥ 2 Atel 9 1,25(0H)2-16ene-23yne-
Dy7t A9} A 5 98-S LaFrt. vl el Ds9
2 A1 1,25(0H):Ds} ¥ 28k VDR}2] #1832 of
7k -2 utdd DBPe}e] A g o] o} Yrhs 7 & o]
3132 9] target tissuedl] &} o] 7t EA o] 2=
A& oulght},

1,25(0H)z-16ene-23yne-Dsell th3}F 2 o -7 79}
tgold "daztA] AR AFA}E uielo g
Blod Al ZE3lol] g} ¥) el=l D3-seco-steroid 3HE
o A} AZALSHZE £ o A48 W39 pre-
leukemia, 73412 8k o] 35 oj2jyefo] Ay 2 §
vte]l A A G a) e 2prbd g A sk Ak 28
AN2A] o] Bghg 2] o] fo] Ft5stelet AZbE el
hypercalcemiag F-43}%] ¢k 2wl geta}e] Eo)
Aol 2 M2 vlelsl D3 f=A2 e 93 A&
Al x3Ho] Wity =)

Peripheral blood lymphocytedl 2|8 I[FN-y A
4ol ojx|= d|ElAl D; REHQ W

1,25(0H):D3= 7] 7}A] g Fub-g-of o g2 S}
53] 84 3}9 peripheral blood lymphocytes(PBLs)9l
4] 1,25(0H)Ds =&l 2] wb 2 2(1221) PBLs& 1,25
(OH)2D32] B A E2 A2 o7} Fubs] 38 Fo)
thol 2222 T 4379 F494(13) @ Y5}l
2J3} IFN-Y 59 cytokine A4 -2 A5} =(24) W
AAz2Eo2 deA gich

2 ATl E 975 g7 1,25(0H);-16ene-
23yne-D39| Q3-& A E3l7] 98 PHAR @435
PBLsell 2% IFN-v AAd ol ol§} o] 8382 azs
239 1,25(0H):Ds%} ¥] iz 7 B8t uA} shgich. A
ol 914 IFN-v+ &% o)} mitogen(phytohemagg-
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Fig. 5. IFN~Y synthesis by PBLs: vitamin Ds compounds
dose-response.
PBLs(1 X 10°cells/ml) were cultured for 3 days with
PHA(6ug/ml) and various concentrations(10 "M ~107"
M) of 1,25(0H):D:(@-@®) or 1,25(0H)z-16ene-23yne-
D3(O-0). The curve represents the means = SD of
three experiments with PBLs from three healthy do-
nors{duplicate incubations for each point). IFN-Y
control values(only PHA) were 280, 150, and 230pg/
ml, respectively, for donors 1-3.
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