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Discovery of Immature Thymocyte Proliferation Factor
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An athymic mouse-derived immature T-cell clone, N-9F, was not maintained by interleukin-2 alone but required
another soluble factor, contained in concanavalin A-stimulated rat splenocyte culture supernatant, namely T cell growth
factor (TCGF), for its proliferation. An N-9F-proliferation factor (NPF) was isolated in a pure form from TCGF. N-
9F cells and immature thymocytes proliferated in the presence of N-9F at 10~ 1>~107°M in a dose-dependent manner, but
adult thymocytes were not stimulated by NPF. NPF increased DNA synthesis of N-9F. NPF increased CD4 and CD8
double negative, single positive and double positive thymocytes in fetal thymus organ culture. A hamster anti-NPF an-
tiserum possessing the capacity to neutralize N-9F proliferation activity of NPF neutralized the increasing effect of NPF
on immature thymocytes. All effects of NPF was inhibited by mAb QR6.6 to recognize a 100kDa surface molecule of N-
9F. The amino-terminal 20 amino acid sequence of NPF was identified and identical to that of rat saposin A. The appar-
ent molecular weight of NPF, 16000, was comparable to that of saposin A. A Hitrap-mouse recombinant His-tag-sapo-
sin A antibody column bound NPF, pulled down the NPF activity in TCGF, and the antibody recognized a 16kDa
molecule in western-blotting of TCGF. Thus, NPF in TCGF was a saposin A-like protein possessing the capacity for
growth and differentiation of immature thymocytes. The physiological significance of NPF in the growth and differentia-
tion of immature thymocytes was discussed in view of the characteristic distributions of NPF and the molecule recog-
nized by its mAb QR6.6 in fetal thymi.
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Fig. 1. The Roles of TSC, Its mAbs, 50 kDa and 60 kDa, mAb QR6.6, Its 100 kDa Antigen on N-9F and IL-2-IL-2R in N-9F
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Fig. 2. Isolation of NPF
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TlI CD4,CD8 ¥ 7 )V % H 7«7 (DN), pk~™
A TI3 DN & U DP 2 R#AM ML TH D 2 &n
5 (Table 2), Z® mAb QR6.6 IZ LD FiaND
DTIET U INERO ML - IR 5L Tnws &
Bbhs.

N-9F |3 Con A i T v b (FHLLKWEYTR) M
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Table 1. Immature T-cell Clone, N-9F8—1D JRAaEsER T & U CONMEMT 258, ZRL 7~
1. MR~ ™ 2D S B 4172 CD4+CD8* ik 2. RIAMIRMMIRIETERF NPF OB &L RE
TH5. Z v b 400 P4y D RERIIEA Y & A8 U 7= i i #iin
2. H2 A~ Y ZOMIEA ~O—<#ifa (STC) T ; <
. TCGF Z 5k} & L, N-9F O HEFHTE N DIE!
TES DAY, BRNEATAE, A VTR HE S A R O PR R EEH ~ Em{iﬁ% fif[ i
W IR L 73 L ® mAb QR6.6 2 & 2 il EH 2 R I 7 ek W
3. TSC F T oA TSC @ 50 kDa J% TX 60 kDa 1l fid 2 fTo 7. £9, TCGF % Mini PlateTM-3 T 10 {5
Eﬁ?‘b:ﬂ@‘éﬁmAb c:&@ﬁﬂ%‘éhéﬂéi P45 % Sep-pak C18 H— R U »v U &Y, 40—53
4. TSC 1T #45iid N-9F D 100 kDa i il 2 i 53 7 12 % o I g N
4% mAb QR6.6 IZ L DEE N 2. % AcCN Y’éﬁ@f’%ﬁ, =5 ‘kb‘)l/dféﬁ&UE*H
5. TSC ETIL2MMICE D IL2 Lt 7y — & B REMWEEEREZ O NI 57 4 =K DR
L, HEMARESNS. L, TCGF H @ u[{EME K7 NPF O BB kD) L 7z
6. TSC IEHFEETFTIE, IL-1, IL-2, IL-3, IL-4, IL-6, IL-7 . =
’ ’ ’ > ’ ’ ’ Figs. 2, 3, 4). IR D 1/107 D 2 &
IL-8, IFN-y [ Of SDF-f & 0 HEHERIFL 2 320 F 7200, ( ligs, o ) WEE J?HEE; / He -
7. Concanavalin A Hl 3 M sE 3% £i% (TCGF) 12 & WHOMBETH o2, 7))L Oia & SDS-PAGE 7 5
D EGEMERF S 5. HEIhsdhTEId16kDa Tho/=. 73/
8. TCGF 12k 2 3lifi#feRiH mAbQR6.6 IZK VHEI N5, S ITYAEMBLUIER, NEBEOT I/

B 20 3 K (Ser-Leu-Pro-Cys-Asp-Ile-Cys-Lys-Thr-
Val-Val-Thr-Glu-Ala-Cys-Asn-Leu-Leu-Lys-Asp-)

Table 2. Characterization of MAb, QR6.6'V ZRELE (Fig. 5). 207 2 /K5 % BLAST
. N-9F @ 100 kDa #liffd & i 73 712K % mAb TH 5. search 2l VWTRZBLAERERS Y + (R 2R)
- D 1 z &
2. Z:;sz) TSC ETOMAE, TCGF I2 & 2 Ml 2 H sphingolipid activator protein subunit, saposin A @D
3. QR6.6 ERIET B (Bth) £ TIRMIRICHFIET %78, NEWmMO7 2/ BEs & —3 L7 (Fig. 5). 13719
U NE, BBE, RSO E R IEE LR, Sy MR Z saposin A 13, 84 7 I J EEEE
4. QR6.6 Bty T3 R~ ¥ A Ml e > 3—5%, Hik MBS0, 23 R3S BEBEDND T I BRFIZ
A D 10—20% , fas 17 H IR LE'H@H%%IHH@OD 70
%, Walih 15 FIBYEBIIRMINE > 10—20% 2 535 %, EHLTHS. Ife, WECTY AL V=32
5. QR6.6 B4 TIZMA Y2 CD4-CD8-Jafislifia, A~y SNTHD, B TOKFEHEHENED D, 19
Z® CD4~-CD8~ /% CD4TCD8* Mifiiiiu CTd 5. FZ T~ A saposin A cDNA /5 KABEIZY O
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Fig. 3. Purification of NPF

A: Asahipak GS-320 HPLC of active Sep-pak C18 fraction using PBS as a solvent. B: Cosmosil C18 HPLC of active Asahipak GS-320 fraction. The elution
was done with a linear gradient of increasing concentrations of 2-PrOH/AcCN (7 : 3) in 0.05% TFA. An aliquot of each fraction was subjected to the proliferation
assay of N-9F by an MTT method.
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FEH X, 17 RS HEL 72 mr-saposin A O N-9F #4
BEIE M 2 HE T B & & H I TP FH mrH-saposin A
YifkZE#L L 7=. MrH-saposin A |3 N-9F ¥ERATE M
Z/REY, 72U HFHi mrH-saposin A Hi {K 1%
TCGF 1 ® NPF itk zdhfLisiho7z. —75, »
H F $1 mrH-saposin A $i {K 2 TCGF @ western
blotting IZHB W T NPF O/ & & —39 5 16 kDa
DT ZEa L 7= (Fig. 6).

Figure 6 IZB W T, 12kDa ®/N> RiZ, XD
OVA THALNDDT, FFRMNZD D & Hk S
N7z. 51T, Hitrap- 7Y FHUK affinity 71 5 L%
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Fig. 4. SDS-PAGE of NPF

NPF was subjected to electrophoresis on a 17% gel and detected by sil-
ver staining. From left, the first lane was protein MW standard, the second
lysozyme (50 ng), the third lysozyme (25 ng) and the fourth lysozyme (12.5
ng) . The right lane was NPF.

fERL L, Z®7H T L5 TCGF Hd NPF i& = fE &
52 LB L% (Fig.7), ZTNZHNWT
TCGF H ® NPF &% ® pull-down assay & 175 7=.

972 B, serum-free TCGF % Hitrap- ${ mrH-
saposin A ik affinity 77 5 AT, #G KOk
fEA P EIZ 0V, 2.5% TCGF ICHIYS T 5 E T
NPF-proliferation assay #17->7/=. & 512, JlEXIE
fhEe o E Z2 R U7 2 b (657 2 v ) 120,

f e M OIERE B P EN A & assay 17> 7. O
B, B 1RO 2 B H O S R OIERE GBI
N-OF TG A 5 7223, 56 3 [B1 H O 73 12
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Fig. 6. Western Blotting of TCGF with Rabbit Anti-mrH-
saposin A Antibody
Serum-free TCGF concentrated 10-fold was used as TCGF. «OVA: rab-
bit anti-ovalbumin immunoglobulin G, «NPF: rabbit anti-mrH-saposin A
immunoglobulin G.

Amino acid sequence MW
Rat saposin A 16 kDa
1 0, 24 %
SLPCDICKDV VTEAGNLLKD NATEEEILHY LEKTCAWIHD
84
SSLSASCKEV VDSYLPVILD MIKGEMSNPG EVCSALNLCE SLQE
Mouse sqposin A 16 kDa
1 We 24 36
SLPCDICKDY VTEAGNLLKD NATQEEILHY LEKTCEWIHD
84
SSLSASCKEV VDSYLPVILD MIKGEMSNPG EVCSALNLCE SLQE
Rat NPF 16 kDa
1 y/|]
SLPCDICKDV VTEAGNLLKD

o N-glycosylation site

Fig. 5. Comparison of Amino Acid Sequence of NPF with Those of Rat and Mouse Saposin As!3—19
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® TCGE M2 2 il QG ELEY s Neipo . DD, TCGF H D
O TCGF f & 4M + QR6 & NPF #1139 X T mrH-saposin A HifRIZ#E& L,
g TCGF 1 ® NPF &% % pull-down 35 Z &4 7n
=P 57 (Fig. 8). LIl O#%, mrH-saposin A Hifk
< | NPF 12 AT 5 & S 13 T E /0 5 7278,
z NPF %3 - #5672 2 &I TE,
§ Uk &K, NPF N saposin A & N K 7
£ oaf 2 BEAR S TR -BT 2L, KO mrH-
£ saposin A §{{&#% TCGF H @ NPF % 38 - #54&
g 22 LMW S ERD, NPF % L2110 13
saposin-like protein T % & L& 1T 72, KIT,
0 o0 -—0—0—0 NPF O W12 (0 T % 81 5 /IS R E B ATHED

(Y 12 25 5 10
% Equivalent to TCGF

Fig. 7. Binding of NPF Activity in TCGF to Hitrap-anti-
mrH-saposin A Antibody Column
Serum-free TCGF was applied on the affinity-column, and the bound
and unbound fractions were assayed for N-9F-proliferation activity in doses
of % equivalent to TCGF.

SNz,

3. NPF O4#=HytE

A S AETE MUY, MU &2 NPF 777~ 48 Kpf 5
##, MTT i£d % Wid [*H]thymidine O FUA AT
L DHEE L. NPF I NIF fifid 7 o— > @5k
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Fig. 8. Pull-down Assay

Serum-free TCGF was applied on Hitrap-anti-mrH-saposin A antibody-column, and the bound and unbound fractions were assayed for N-9F-proliferation ac-
tivity. Successively, the unbound fraction was applied on the same column after the elution of the bound fraction, and the both fractions were assayed for the activi-
ty, until the activity disappears.
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Fig. 9. N-9F-Proliferation Activity of NPF

N-9F cells were cultured with NPF in RPMI-1640 medium, and prolifer-
ation of N-9F was measured by an MTT method. N-9F cells were cultured
with NPF in the presence of hamster anti-NPF antiserum (2%), and the
proliferation of N-9F was measured by an incorporation of [3*H]thymidine.
The mean background is 19256 cpm. Data represent mean from three to five
independent experiments. SD values are shown as error bars.
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Fig. 10. Inhibition of NPF-activity by mAb QR6.6

N-9F cells were cultured with or without mAb QR6.6, and the prolifera-
tion was measured by [*H]thymidine incorporation. Data represent mean
from three to five independent experiments. SD values are shown as error
bars.

(Fig. 9). Z O{E1Z /)N L A% — i NPF Hiif1 &
(Fig. 9) % U*mAb QR6.6 (Fig. 10) [T X D5ELIT
FHE X N7z, NPF 3MaH 17d (E17) O AR
i PR e D Bt e (RS U 72708, B~ ™7 A g i el o
BEREAEEE U Zs o 7= (Fig. 11). NPF O RZ i
M D BEFE R HEVE PEIE 213 0 mADb QR6.6 12K D [
#wIN (Fig. 12). WiEMICIIZEZ RS /L)
o7z (Fig. 11 IZBWT, HFIEENHD D LD ITH
S5N5N, BERPICEEINDIL2ICLDDHOD
EEbND).
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Fig. 11. N-9F-Proliferation Activity of NPF on Thymocytes
and Splenocytes

Immature thymocytes (E17), adult thymocytes and adult splenocytes
were cultured with NPF in serum-free RPMI-1640 medium, and cell prolifer-
ation was measured by [3H]thymidine incorporation. Mean background are
565 cpm for immature thymocytes, 492 cpm for adult thymocytes and 4158
cpm for splenocytes, respectively. Data represent mean from three to five in-
dependent experiments. SD values are shown as error bars.
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Fig. 12. Inhibition of the NPF Activity by mAb QR6.6 on
Immature Thymocytes
Immature thymocytes (E17) were cultured with or without mAb QR6.6,
and the proliferation activity was measured by [3H]thymidine incorpora-
tion.

NPF O fif 2 g i A2 34 5 /E Fl & mAb QR6.6 @
JiE V2 i B i & o SO & E15 22 5 adult £ TOJFH]
Ui CHE L& 25, wind El7
RUOHARBICBWTED TE<, E15 & adult T
FiFEEAERD NN 2 (Fig. 13). 97205,
mADb QR.6.6 (517> T D FE LAY, NPF O g i i el
BEE R BUCEEICED > T d 2 L0k < R
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Fig. 13. Comparison of the NPF Activity with the mAb QR6.6 Reactivity on Thymocytes
The NPF activity was measured by *H thymidine incorporation. The data shows the mean+SD (n=3). The mAb QR6.6 reactivity (%) was measured by flow
cytometry. The data shows the mean of 2 experiments. Both activities were measured using thymi of the same mouse.

N/,

NPF (2 & % N-9F HFEIE 2T 272012,
N-9F ® DNA Ak~ D NPF O &% % X /= & R
(Figs. 14A, B), NPF [ZfifdsmmEs &g+ Tldiam
fa KON S Hl & Goy/M oM fa sk & 2 f504 BT
MEE7=. Go/G, HlOMEEIx LU Tl 2hiR =
s Udz, IiE BRnEE i b Clddb i insicid 2
Lisino 723, S HIE Goy/M Bl Ol %k 2 B 5 0T
HWhnEt, G/G oMz Iz, £k,
NPF O fE X, mAb QR6.6 i & D #lIfll & /=
(Figs. 14C, D). 97255, NPF |3 N-9F ® DNA
BRERET DI EERED.

KO AEHNEME FIZBI %S NPF OEf 245
HEYT, RIS &L (FTOC)® 2175 /z.
ZDFEE (Figs. 15A, C), 6 H#K%#% T, NPF |3y
fiirh CD4/CD8 DN, CD4 J (X CD8 SP X CD4/
CDS8 DP thymocytes £ ZH 5 M ic#Ema &, =
7z, WEMme A>T 5> EBIiTL 7= CD8SP KU
CD4/CD8 DP thymocytes 31 & ¥4 /il & ¥ 7= (Figs.
15B, C). MR KRR > T T ETXRTOMMEE
HDHE, TXTOHES O thymocytes £k A% HE N
L, %12, NPFiZX % CD/CD8 DP thymocytes %t
OHEIMERIEL WD TH >/~ (Fig. 15D). —

74, NPF @ N-9F HFE{E SR FIEE 2 H 32\ A
Z % —4§i NPF $i i, 4 HRE D3 T NPF O
thymocytes £% 88 inig 4 2 dfn - $0#I U 7= (Figs.
ISB,E, ZOK, A7 52 ETEEEASHE
A snnhoz)., TOMEIE, NLZXY—H
NPF #ilf{E 23N K D NPF O ZHFIL 725 D
EEZ 6N, BT NPF 274 2 Ji i 2 5
JE - HMESEBIEHZRET SO EHESINS.

4. Saposin A DEYFEIEER E NPF & DEE
e

Saposin A [F1J VY — A T® sphingolipid @t Ht
W59 50 TR 153kDa OiERE (BEHEE
#140%) T, BiIEK{AD prosaposin ;254U % (Fig.
16).

Prosaposin 1% 53kDa DEH E L THR I N/~
%, BESENTHNZ 21T T 65 kDa, & 512 70 kDa D
EHIZ/R%. 70kDa O FIdMas NI n s
DIZx L, 65kDa D3 TV Y —LNBITLT
Tt 27 &%), saposin A, saposin B, saposin
C, saposin D @ 4 ;3 TN ERINS. ZHNHD 4D
@ subunit |3 ZNTNE2 D EFE L EE RN LR
L, saposin A |33 & L T B-glucosylceramidase {2
& % glucosylceramidase @ il 7K 73 i 2 & {9 %
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(Fig. 16), 9720 Z 113, saposins 3% > )N B>
DB ME & BESHER 7> O BUKE OB IC X 0, fE
BLEMADORINEIEL - (T D2DHDEEZEZ SN
T35,

L4, sphingolipids 2% T #ifld D > 7 FIVEEIC
BEAFEZRZLTWSZENHLNIZHRD DD
» % (Fig. 17). % Ceramide-sphingosine-1-phosphate
rheostat |3 T M@ D Y R b —> X 2l L T

5.3 /abb, FasL OFEAICE 0D NEKE M ce-
ramide 728 LA L, TO#R, >V FIVEERD
CARK, G % > /)\7 Ras S&5iE SN D & EBHIT
PKB, Bcl, & 23122 X 11 apoptosis NZFE I N 5,

—7, ceramidase % sphingosine kinase 737% /b &
3% & ceramide 7Y sphingosine-1-phosphate ~\ 3 7
~ U, SAPK UK caspase 3/7 HlflEans L &%
IZ ERK 2% M{k = 31, apoptosis 3l S 415,29
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Fig. 14. Effect of NPF on N-9F Cell Cycle

N-9F cells were cultured with sample in RPMI-1640 (RPMI(—)). DNA content of cells was determined by flow cytometric analysis. RPMI (+) and (—) show
RPMI-10% FCS and serum-free RPMI. A: Representative flow cytometric analysis in the effect of NPF on N-9F DNA content. The results from three independent
experiments by NPF (2.4 ng/ml) are shown in B. Total cell numbers (X105) were 0.42+0.27 for medium and 1.09£0.13 (p<<0.05 versus medium) for NPF in
RPMI (+), and 0.35+0.17 for medium and 0.28 +0.11 for NPF in RPMI (—), respectively. Data represents the mean+S.D. Statistically significant from medium:
*p<0.05, **p<0.01. C: Representative flow cytometric analysis in the effect of mAb QR6.6 on the NPF activity. The results from two independent experiments by
NPF (2.4 ng/ml) are shown in D.
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Thymus lobes from fetal day 14 mice were cultured with NPF or antiserum and stained with phycoerthrin-conjugated anti-CD4 and fluorosceinisothiocyanate-
conjugated anti-CD8 antibodies. Thymocytes in five lobes and all thymocytes emigrated on membrane from five lobes were subjected to flow cytometric analysis. A:
Representative flow cytometric analysis by NPF for 6 days. B: Representative flow cytometric analysis by hamster anti-NPF antiserum (2%) for 4 days. C: The
results (cell number) from five lobes by NPF (2.4 ng/ml) are shown. Five independent experiments for thymus lobes and two independent experiments for thymo-
cytes emigrated on membrane were performed with similar results. Total cell numbers (X 105) per thymus lobe were 2.06 =0.50 for medium and 4.04+0.74 (p<
0.05 versus medium) for NPF in thymus lobes, and 1.08 for medium and 1.16 for NPF in thymocytes emigrated on membrane, respectively. D: The results (total
cell number in lobe and on membrane) from five lobes by NPF (2.4 ng/ml) are shown. E: The results (cell number) from 5 lobes by hamster anti-NPF antiserum (2
%) are shown. Total cell numbers (X105) per thymus lobe were 2.60+0.65 for medium and 2.45+0.43 for NPF, respectively.
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Fig. 16. Structure, Function and Processing of Saposins
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Fig. 17. The Ceramide-SIP Rheostat that Regulates T-cell
Apoptosis

Upon binding of FasL, induction of the sphingomyelin pathway results
in enhanced levels of endogenous ceramide. Consequently, CAPK, Ras,
Racl/2, Raf, MEK1, caspase 3/7, PP2A, SAPK and p21 WAF1 become ac-
tive, whereas PKB, Bcl2, Myc and Bad are inhibited, resulting in apoptosis.
However, shifting the balance from C to SIP (either endogenously or ex-
ogenously via binding to EDG3/5) prevents these processes, as exemplified
by the inhibition of SAPK and caspase 3/7, and the activation of ERK. Ab-
breviations 1: induces, 2: prevents, C: ceramide, CAPK: ceramide-activated
protein kinase, EDG: endothelial differentiation gene, ERK: extracellular
regulated kinase, FasL: Fas legand, MEK: mitogen-activated protein kinase,
PKB: protein kinase B, PP2A: protein phosphatase 2A, S: sphingosine, SIP:
sphingosine-1-phosphate, Sapk: stress-activated protein kinase, SK: sphingo-
sine kinase, SM: sphingomyelin, Smase: sphingomyelinase. Solid line: ac-
tivating/activated, dotted line: inhibiting/inhibited.
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Fig. 19. The Sourse of NPF-poliferation Activity

T cell-rich fraction, B cell-rich fraction and adherent cells derived from
rat splenocytes were cultured with or without concanavalin A, and their su-
pernatant and lysate were assayed for N-9F-proliferation activity.
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Control 8 hr after Con A injection
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Fig. 20. Immunohistochemistry of NPF

a Mac-1 (Macrophage, granulocyte)
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A: Distribution of rabbit anti-NPF antibody in spleen of mice injected with Con A. B: Distribution of rabbit anti-NPF antibody in thymus of fetal mice. C: Dis-
tribution of anti-rat anti-Mac-1 antibody, ER-TR5 antibody and rabbit anti-NPF antibody in thymus of fetal (E18) mice.
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Fig. 21. T Cell Differentiation in Thymus
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Fig. 23. Putative Physiological Significance of NPF in T-cell
Differentiation in Thymus
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