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ABSRACT : We have cloned a soluble type human folate receptor (hFR type v) from human thymus
¢DNA library using the PCR amplification technique. To examine whether hFR type Yy has a folate
transport activity, CHO cells were transfected with the pcDNAhFRY expression plasmid, and the stable
cell line CHO/hFRy expressing a high level of the hFR type Y was identified by northern and western
blot analysis. The CHO/hFRYy cells produced a [H’] folic acid binding protein in the culture medium.
However, we couldn't detect any cell surface [H’] folic acid binding and transport activities. The growth
of the CHO/hFRy cells was more rapidly inhibited than the wild type CHO cells in the low concentration
Jolic acid media. These observations indicate that although soluble type human folate receptor can bind

[H’] folate, it does not involve in folate transport.
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Folate¢} methotrexate(MTX)2} 72 antifolates2] |
F 52 271A] 9] transport systeme] Hof 8l 1 gl
Aoz deA vt 2 A WA system E 7}X]9]
isoform®] folate receptorell2]§} binding protein-mediated
73 20| 3L (Ross et al., 1994, Wang et al., 1992), t}& 3}
= 3113 2] folate carrier anion exchange systemo]
#oJ¥] E<F transport systemo]ti(Henderson et al.,
1980; Westerhof et al., 1991). A Ej2] folate?] F%
9] 4452 DNASL RNA2| 3ol ol F2317| d &
o & folate transport 7 2+ WA HAlS Tolg)
t}. Human folate receptor(hFR)2 glycosylphosphatidyl
inositol(GPI) anchore] ¢j3}e] dlo] AFE olg)=
glycoprotein® 2 folates¢} methotrexate(MTX)e} 722
antifolates®] M| EW R Fgol] F3r] ol
antifolateo] 93 ALl Qo1 1S F9.5 o)
2l AAARAZH FET cH(Antony et al., 1991;
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Jansen et al., 1990; Westerhof et al., Luhrs et al., 1992,
Matsue et al., 1992). ¢]& folate receptor+= hFR type
o, hFR type B, hFR type v&] 37]2] isoformso] &3}
= ZAeE 4¥A gled, °]F isoform 717} KB
cellhuman nasopharyngeal epidermoid carcinoma)
(Elwood, 1989; Sadasivan et al., 1989), placenta
(Ratnam et al., 1989) 12]1 human hematopoietic
tissue2] cDNA library(Shen et al., 1994)2 8] z}2} &
A o] F F 7R A 2 BAde] dEA e A
2 hFR type o224 Ex}aFo] oF 28-kDaZ 37§9] N-
linked glycosylation 2 7}A] 12 1.8 25%+7]2] leade
peptide 18]35 87)9] hydrophilic spacer sequence$}
16%+712] o-herical hydrophobic carboxyl terminusE Z}37
gltH(Campbell et al., 1991; Coney et al, 1991; Elwood,
1989; Lacey et al., 1989; Sadasivan et al., 1989).

©]& hydrophobic carboxyl terminusi= folate receptor
ol 4] glycosylphosphatidyl inositol(GPI) tail2] *7}2]
=923 signl23 83l 7oz o]E GPltaild
human folate receptorE- plasma membraneo]] H-ZA]7]
o 8% Aoz dedx glth(Furukawa et al,
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1997). Human folate receptor®] isoformsE-2 2] &

o]0z e Aoz el gl hER type a
+ Z}E carcinomasE-3} epithelial cells®] primary cultures
oflA] 2 wale] Zr}=]e] 9l T(Ross et al., 1994) hFR
type B+ nonepithelial 7]%1 2] malignant tumorsel|A] 1
ahele] ZbEe] qlt Aoz eld gloh. dehh
hFR type v+ hematopoietic £2]-GollA o}F Eolx o
2 E g gle Aoz dedx lch(Shen et al,
1994). o] hFR type y= hFR type a2} Bol]l v]lsle]
hydrophobic terminus®] o}v]%:-Alo] truncateX]o] ¢l
4] souble type®] human folate receptorg] 71 o2 FA]
= 2 glc}(Shen et al., 1995).

a2t} o] soluble type®] hFR type y isoform-2
malignant hematopoietic tissuesol]4] o]z oz w3
Ha Qe e A=A gleji] old A ES
malignanciesol] t}3} serum marker2 F5-& vk gl o
t}(Shen et al., 1995) 1 7]50l thstedr]i= oA & o
#HA QA @sich weby 2 odtellAE o] E soluble
type2] human folate receptor?] 7]%5-% <tolnr] 93}
o] 2 cDNAE- 217}+9} thymus cDNA library 2 28] &
23t CHO cellsell A W& A|AA 1 AelHql B
2o}

IL 2 3 4y
L A=

[*H] folic acid+ Moraveck Biochemicals, [°S] Met+
ICN, [o-"P] dCTP2} dGTP(specific activities, >800 Ci/
mM):= AmershamAL2 78] Zp7d 7] 38kgict. 1 e
t}2 2 E X<k Sigmaile} Fisher ScientificA} 2 €]
Telafsich.

2. cDNA Cloning

Soluble type®] hFRe] A coding®dg-& *x33l=
cDNAZS cloningsl?] $la}e] tlemt 7e 2749
primers(sense | GGGAAGCTTCGCAGGAATAGATG-
GACATGGCCTG, antisense : GGGCTCGAGTTCAT-
GTGGATTTGTCTATTAGAATAG)E o]43e] <17
2] thymus cDNA library 2% €] PCR-& A]3)s}e] ¢lo]
Z PCR AFES Hind IMI¢} Xho 122 Axuisie]
pcDNA3 vector®] Hind 119} Xho I siteel] subcloning
stodct. #A=HE plasmid= DNA sequencing©. 3 sense
orientaion & PCR2] . 7FE #4qlsle] A &3l g7y

+ 7+ plasmidE A# 8}o] pcDhFRYZE A3} ct.
3. Tissue Culture Reagents

2uM9] folic acid7} E3FFE©] )= standard replete
minimal essential media(RMEM); folic acid7} 35| o]
Q)R] $42 deplete minimal essential media(DMEM);
serum free medium<) CHO-SFM-II; trypsin versene
solution(2.5%); penicillin/streptomycin/fungizone(PSF)
solution(100x); fetal calf serum(FCS); -12] 3 geneticin
sulfate(antibiotic G 418, Gibco#860-181111)+= GIBCO
Laboratories 2 58] G- 3}%it}.

4. Tissue Culture

CHO celis2 <F 200 nM®} folic acid?} ZE3t=of 9
+ minimal essential media(9/10 DMEM, 1/10 RMEM,
a2]x 10% FCS)A|A] wleksiadct. AlxE 10-cm
tissue culture dishesell ¢F 10 m/2] vz} S o] 5%2]
CO, incubatorollx] dFdvlct Ahulof 3}¢dct. A=
£ havests}7] $]3}e] 1~2 ml®] 2.5% trypsin versene
solution2 7}8fo] Al-2o| 4] oF 287} u}x]3F ¥ media
2 Z2}% 0 2 resuspends}t t}.

5. Calcium Phosphate Transfection

CHO cellsol] transfectiondlo] A = A folate E &
3l Al EFE 937) 98be] calcium phosphate B &
0]-8-3}ed 10 puge] pcDhFRY plasmidsS- transfectionA|
Zct. oA transfectants= 200 pg/mlell A 1,000 pg/
m! GH18(Gibco)e] Ewrbx A3 <ela AHsig
I oA EA e shs Al 25 250 pg/ml G418 %
=] sz wieFR A wlekate] Al A1 A )

6. Cell-surface Folic Acid Binding Assay

6 well platedl] ¢¥ 75% A &2 AIUEE Y7
[H'] folic acid®] cell-surface assayZ Al A3}ttt A E
= AEEH] folic acid receptore] ZAdE o] &=
folic acid& A|A3}7] ¢J3}ted ice-cold pH 4.5 saline(10
mM Na-acetate, 150 mM NaCl)©. 2 23] A3} pH
£ FA L= F]7] 918} ice-cold PBSE 23] A A3}
dr}. Radio-label® folic acid®] cell-surface binding
assay & $]3}ed 20,000 cpme] [H*] folic acidE ¥ 33}
I e+ 2ml9] ice-cold DMEM(without FCS)Z 154



Za} ice-cold H,04rel| 4] incubationd} 3L ice-cold PBS
2 23] A3t Al EE2 ice-cold PBS(1% Triton
X-100, 0.3% PMSF) 7}8-83}1 4°C, 15,000 rpmol|
A 1587 A Re)star A58 scintilation counter

oI+ Zxalet.
7. Folic Acid Binding Assay

nljofol o)l En]¥l folic acid receptor®] folic acid
binding affinityS =%3}7] 9|sle AT DMEM
(without folic acid, 1% FCS)ol|A] wlefslir wlofol-&-
3] 4=3}ed ice-cold acid saline(10 mM Na-acetate, 150
mM NaCljell4] 33] £43}3 ice-cold PBS(pH 7.4)2

3] £X]3}e] folic acid binding activityE 24 3}9]t}.
20 ug/ml proteind E3}H3}T Q1= sampleo] 10x pre-
mix buffer(100 mM KPO,, pH 7.4, 1.5 M NaCl, 10%
Triton)2} [H’] folic acid(20,000 cpm/assay)S 4]o14]
Z volumee] 1mi7} 54 HO0Z 3]433}3 37°Coll -
3087 wkg-AlFch o 9Rg-Noll 500 pwie] dexstran
coated charcoalS golA] A Ejtsle] A& 9lelA
1087 w28} 3,000 rpmeil 4] 108-7F DAl E-2] 5]
. AFE-o8-&- scintilation counteroll 4] 223} t}.

8. Western Blot Analysis

Human folate receptor type Y7} <FH=A W3l=
9]+ CHO A| E5(CHO/MWFRY)E serum free medium<l
CHO-SFM-IIell 4] 327k wiokstn 1 wiokel 4 Al®
FEHogre] dojal A (50 gy 12.5% SDS-
PAGE geloll*] #=2]3}l32 Immobilon-P membrane
(Millipore)el] &7Ir}. 1 blot= human folic acid receptor
type ool W&+ polyclonal antiserum3} HhE-A]7]32
ECL Western blot analysis system(Amersham)<- ¢]-8-3}
of 2433,

9. Folic Acid Transport Assay

A #= ice-cold pH 4.5 saline(3 m).o. 2 23] A% s}
3L ice-cold PBS(pH 7.4)Z 23] A& s}, [H] folic
acid®] internalizationg FA}s}7] $sfed 2 mie]
prewarmed DMEM(without FCS, 50 pg/ml BSA, 2uM
[H] folic acid).©-2 5% CO, incubatorol] 4] 3057} wi<f
sttt Bo|Al el [H] folic acid®] internalization(pmol/
mg protein)yS- ZA3}7| ¢lsted =3 ok cold folic
acid(50000)e] ZAsloll A= o shsle] A Alsigdct. ul
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oF o] AN FEEL ice-cold PBS(pH 7.4)%2 23] A4 3}
Al FE2 PBS(1% Triton X-100, 20 mM EDTA, 0.3%
PMSF)Z 7}8-3}5} 3 15,000 rpmoil 4] Q4] #8]s}o] Ab
Lol 8. geintillation counterol] A} 23] 3}t

10. Cell Growth Rate

CHO/hFRY, CHO/hFRo. 18]31 CHO/VectorA| £
+ 6 well platee]] 1x 10* cells/wello] = A] 3l 5=
2] folic acid DMEM(without folic acid, 10% FCS)el] X
wloFal i 153U b0 2 cells?] A AFOFAFS ol
cellsE-2 trypsin®. 2 &3l 343ty 1 4§ At
sto] A9ES ARt

Im. 2o ¥ g

CHO cellsel] transfection3}ed human folic acid
receptor®] type v2] ¢DNA+ human®] thymus cDNA
library 23¢] PCR-g A]33}o] cloningd}1 mammalian
expression vectorql pcDNA3 vectorel] subcloning3}od
pcDhFRYy plasmidE A 2+8}¢it}. o] pcDhFRy plasmid
£ CHO cells| transfectiond}ed 200 pg/ml G4189] &
oA Ebate] AA3F] 1 FEE FoiA] 1,000 pg/
m/ G418 AL Hol colonyES Al=3le]
Northern blot #-4]ol] 2]5}e] hFR type yoll g mRNA
7} 7AWl s 1 o) = cloneS cloningstgict. 15
Fol A 7P sl wasw ol AEFES s
o] A wijeFA )} FZEH-& Fu]sle] polyclonal rabbit
anti-human folate receptor antiserum © 2 Western blot
EX o 2]l CHO cellsel|4] #3s} gl& hFR
type yi= AE FF N4 EA=Fo] oF 30-kDa A &2
bandE #HIE + st 2l wjekd T =
32-kDa ¥-Zol|4] {2 bandsEo] vJeldrh(Fig. 1, A).
ols} ZE WE bandsSE olvhE o] TS N
glycosylation site7} ZH7Fd] &Als}7] wiEel] N-
glycosylation®] heterogeneityol] 2|} 7 o8 FA = 7|
gl wiefel Fo2 #ulE S endoglycosidase
F= A2jshalct. Fig 19] Beld wojFi wle} zo]
endoglycosidase FE *2|3}%] o4& 30-kDag2} 32-kDa
9] bands7} ¥ 28-kDa2] band 2 o] £ & 7S &eldt
4 7] wiEel A7]dEN4 213l hFR type v2|
5l-2 bands5-2 N-glycosylation®] heterogeneityol] <
3 Aoz = gkFig. 1, B). waha doixl Alx
F& hEFR type ¥& 75pAl sty 917 @zl o A
¥7S CHOMFRyZ Aslw o] AEFE o]gs}e]
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hFR type yoll gt folic acidel) ¥l binding %
transport 52-& FA}sldch. WA cell surfaceol] £
3= folic acid receoptors2] bindung assay S A 4| 3}31
t}. A AHE EHol &= hFR type v] binding

culture cell do F
medium lysate endo
a 5 6
1 2 3 4
GV (B)

Fig. 1. Western Blot analysis. (A) The culture medium and cell
lysate (50 pg protein) of the stable transfectants (CHO/vector; lanes
2, 4, CHO/hFRy; lanes 1, 3) resolved on a 12.5% SDS-PAGE
reducing gel and transferred -electrophoretically to Immobilon-P
membrane, and the blot was probed with polyclonal rabbit anti-
human folate receptor antiserum. (B) The culture media (CHO/
hFRY) was treated with endo F and resolved in 12.5% SDS-PAGE,
and the autoradiogram is shown.
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Fig. 2. Determination of cell surface and media folate binding.
CHO cell culture media (CHO/hFRo, CHO/hFRy and CHO/vector)
were dialyzed twice against 1 liter each of pH 4.5 saline and twice
against 1 liter each of PBS. Then 20 ug protein used for [H]-folic
acid total binding assay. CHO cells from each clone were
incubated in 35 mm plates in DMEM containing 10% FCS, PSF,
and 200 pg/ml G418. After dissociating surface-bound folates from
cell surface folate receptor with acid saline, cells incubated with *H-
folic acid for 10 min at 4°C with or without exess cold ligand.
Aliquots of solubilized cells were counted and the results are
expressed as cell surface binding relative to that observed in CHO/

hFRo cells.

=49 FAbsbgdeh. Cell surface binding assayell A=
human folate receptor] t}& isoform¢l hFR type oo}
+ t}EA] hFR type yoll 41+ o153 binding activity =
EA3HA edskeh. et wioked FellAl= hFR type
v:= hFR type oo Bot% ¢F 1259 A% 7}l binding
activity S 2. thFig. 2). 0|9} & AFZE Bol hFR
type Y= CHO cellsell A 7}3}A] =3 gl cell
surfaceol| = EAI3HA] 31 L 2A] vk} Fog Ful

il CHO/hFRe
{ [JcHomeRy
B cHO/vector

[H°] Folate Transport (pmol)

1 5 10 15 30
Time (min)

Fig. 3. Determination of [H']-folic acid transport. CHO cells from
each clone were incubated in DMEM containing 10% FCS, PSF,
and 200 pg/ml G418. After dissociating surface-bound folates from
cell surface receptor with acid saline, cells allowed to internalize [H
3]-folic acid for 1, 5, 10, 15, 30min at 37°C. Aliquots of
solubilized cells were counted and the results are expressed as a [H
*]-folic acid transport pmol).
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Fig. 4. Growth rate. Stable transfectants (CHO/hFRa, CHO/hFRY
and CHO/vector) were seeded in 6 well plate 10,000 cells/3 m!
DMEM containing 1% (v/v) FCS, PSF, 250 pg/ml G418, resulting
in a final folic acid concentration of approximately 1 mM.



time courseS H]x&F Z 3} hFR type o vjFY FO
2 xAy3] Eu)ER|u hFR type v&= 9 3A17F A =2
oo 2 hFR type a®] oF 484|7ke] wiokel Hgahi=
folic acid binding activityZ vlepi¢ici(data not
shown). Wb RFR type ¥ Aol 4E4} 5
Aol ke 2] s AT weFAFoR Fulst 2
o2 oA} o)8l AFHE22E] CHO cellsoll A A}
AFE] hFR type Y& hFR type a2} Bof| v]asle] C-awt
B89 4Ad ofv]eAte] #7] wjFol| GPIel| anchor
Hx) ¢kz AP wFY Fol FvsE soluble

%
3

Fig. 5. Determination of Growth. CHO/hFRa (A, D) and CHO/MFRy (C, F) stable clones and control cells (CHO/vector, B, E) were incubated in
DMEM containing 1% (v/v) FCS. Photos of cells were taken at 7 (A, B and C) and 14 days (D, E, and F) after plating.
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type?] hFRQl 7l o2 FA3Idw] Adhsl A=t
(Shen et al., 1994). Y1y © 2 GPl-anchored proteins
& GPI-ancouring2- $}3ll4] 5~197l1¢] hydrophilic spacer
sequence”} EA3}l3 A4 8~3170¢] hydrophobic
regiono] Esk= 7108 dedx 9)rHFurukawa et al,
1997). Z12{+} hFR type aellx= 870, hFR type Boll 4]
= 11, z8]3 hFR type yellA+= 87)2] spacer
sequenceZ} 747t EASIAI, A& o7 o]oix|:
hydrophobic amino acid?}7]2] =217} =LA Xfe]7} )
t}. hFR type a®} hFR type B Z+2} 1679} 15749
hydrophobic amino acid%}7]7} Z&x§3}x|3t hFR type
v2] ZA$-olle H$ wlte] EA13ta ot 53] FA
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) © 2 GPI transamidase2] Aol £ 23 A¢E 3=
Ao 2 <redzl spacer sequencel] ZWHx|HE| 3709
amino acid%}7](Asn-Ala-Gly)7} hFR type B} 53}
A hFR type Yol A& REHS gl AL v|Fo] B
o} hFR type yoll4l vehs C-duke] 44 ofvlx
A+ A7) 9] Aed7} hFR type y7} GPIdl| anchor¥ x| ¢
T Bu|EA st FAA 2418 AR oAz
o]& soluble type2] hFR type y7} folic acidE binding
A AZ FHoll= SRk w7 el A ol
E9] 7)%o] Fold7t? sk o] A7|=r] wEel
s}ad o]Eo] MEWZ folic acid®] transportol] o3}
=X Z ogolry) $)3}ed folic acid transport assay S Al
A8}, Fig. 304 RejF<= uhe} o] CHO/MFRa
= incubation A7) ArpF tlEe] AEUR [H)
folic acid®] transport B]-&o] BAH o2 Zrlst At
CHO/WFRy: CHO/vector®] control A|E2} FYU3HA
308-7F2] incubationA]A % [H’] folic acid®] transport
vl-g-2o] Wsprh gojubx] gshet. whebx CHO cellsel]
A] A4S hFR type v [H] folic acide} A§E &
QA A xR $4549L gl AR FgR.
wrela] o] soluble type2] hFR y7} CHO cells€] AdA o)
o™ oJgFe vlxE 7S golir] 43 A F=9
folic acid %4 7z} z+ CHO/hFRy, CHO/hFRa o =3
3 CHO/vector cellsE2] growth rate & v|Z3}sic}. Z+
A EEL 6 well platedl] 1x 10° cells/wello] = A 3}
Z Ex9] folic acid DMEM(without folic acid, 10%
FCS)ollA] uioksly 153d ZHH22 trypsin® 2 A2
sle] F53le] o 5 AA sl £ A3} Fig. 4048
L ule} Fo] 15Y Fofl= CHO/WFRY cells= CHO/
hFRa cellsEol vlake] ek 25%, 18]3 CHO/vector
cells- oF 44%A 2] AA-E-& viebye}. 1=y 25
l Folx= CHOMFRy cellsx= ¢F 4%, 18]3 CHO/
vector cells& ¢F 16% Ax2| AAES ey CHO/
hFRY cells-& CHO/vector cells Rt}e o] Y& AJA-&
< ¥ oArh(Figs. 4, 5). 0]} 2 F2 AAELE ofvte
soluble type2] hFR 7} wlefeiEo 2 Hu|=e] folic
acid2 bindingdt A2 EA3t 917] wFoll AlE7}
o] 88 4= gl A2 folic acid®] <o) zhazell 7113}
£ ez neldleh meby CawRsle) 244 of
ol Ak 24719] Ao 2 Qlste] X wifdFo R ¥4

= soluble type2] human folate recepter= folic acid
2 AT 7= AT A 2R folic acid FFell=
Hd5)A] = Ao velkx|at hematopoietic 3]
oA o}F BolH oz WHEHT gle Zlo R duiA
9]7] w]&-ol(Shen et al., 1994) 1 7]5°] F<ll7} 3t

£ FAE dws] $0130 doleh theby & A7l
old #AISE ety siste] AFE A3

2] 2

o] =8¢ '9gshdx WrhetsL su]A] o] olte]
o] 20121 R0l ole] ZHApERL}.
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