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ABSTRACT

The soluble - transferrin receptor(TfR) in human serum has been shown recently to be a
truncated form of intact membrane bound receptor containing most of the extracellular domain.
We purified the transferrin-free TfR from human serum by immunoaffinity chromatography
which produced the single protein idendty in high resolution gel chromatography. The
monoclonal antibodies(tMADb) against purified serum TfR were produced by fusion of spleen cells
of immunized Balb/c mice and SP2 cells. Ten hybrids producing MAb specific for serum TfR
were identified and determined their isotypes. A immunoradiometric assay(IRMA) for serum TfR
was established using two monoclonal IgG, antibodies as the coating and indicator antibodies on
the basis of their suitability in sandwich IRMA of serum TfR. The mean serum TfR levels in the
15 normal male, 15 normal female, and 19 iron-deficient subjects were 5.4+0.98, 4.6+0.76,
and 18.0£12.8 mg/|, respectively, and the difference in mean values between normal and iron
deficient subjects was significant(p=0.0005). There existed the inverse logarithmic relationship(r=
-0.9336, p < 0.0001) between the serum TfR and ferritin levels. (Korean J Nutrition 29(9) :
971~980, 1996)

KEY WORDS : serum transferrin receptor - monoclonal antibody - immunoradiometric assay -
iron deficiency anemia.
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Bovine serum albumin(BSA), AF transferrin,
polyethylene glycol-1500, CNBr-activated Sep-
harose 4B, 3-((3-cholamidopropyl) dimethyl
ammonio]-1-propane sulfonate(CHAPS), N-2-
hydroxyethylpiperazine-N'-2-ethane sulfonic acid
(HEPES), dithiothreitol(DTT), phenylmethane
fluoride(PMSF), 2.6,10,14-tetrame-
thylpentadecane(pristane), Iodogen ¥ horseradish
peroxidasew Sigmart24-E, ImmunoPure binding/
elution buffers, 2.2-azinobis(3-ethylbenzo thia-
zoline sulfonic acid)(ABTS), Monoclonal Antibody
Isotyping Kit I ¥ Protein A-Sepharose 4B+ Pierce
Al A TR AR Y2 =4}, oA,
DMEM, gentamicin, complete Freund's adjuvant 2
goat anti-mouse Ig-peroxidase= Gibco BRLA}
Sepharose CL4B 2 PD-10 ##@< PharmaciaAl,
desfferioxamine(DF0)2 Ciba PharmaceuticalsA},
Na”I£ AmershamAl, 84 ferritin RIA kit(FER-
IRON 1)+ v|= Ramco LabA}, Z1&]x 71E}e] Aok
Sigmarl E= YEA] GRF ] A4S AMEsH T

sulfonyl
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o] Mgz A48 TRE Turkewitz 52 ¥hdel
up2} Ahel B AAG Eub 25| Alge] eu o
T0g& #AS3I] A7 & HAES triton X-1002.
B ZEsln, 3R E 9440%)3 Tf-Sepharose
22 ARnETHA R A5, A HHE 4T
A Algsllot 2184 Zd-e Karind} Mintz?¢] W
o] w} CNBr-activated Sepharose 4B A 2mlol
10mg9) TfE vHEA1A Evetais, dadel Ak
Bradford™®e] #-& AMS-sl5 o™, A79%5-S wad
Laemmli SDS-PAGE(6~12% gradient) 302 A
Batach AR TR 200ugs E70 A™ FAlEln
108 H402 28 B ARG 20 AgoA] oF 60mle]
dalg A Fel® 8o 532 ImmunoPure
binding $#&4-¢ #7l8le] Protein A-Sepharose 4B
ZA-ol| F-3Ft Immuno. Pure binding 5303
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Table 1. Purification of TfR from human placenta

2 84 4-4-1(Table 3 #2)S 1A 2, T8z ]

¥A9 22-1-3% 248 2 Fho] Kohgo 579 WY
S olgsle] #HYHEF UAFAE  polystylene
star tubedll 0.5ml(0.5pg) #58ke] Aol Al 2417k §E
SA ¥ AEdS Y AASL, 1% BSA-PBS
Iml& Hol 3087 oie) nl5old wid s
blockingdt2ith, PBSTZ 33| A2 & 1/20002 34
3 gAloy AAFA wgdAy g4, £ A
A AAE TRS = H(0~200g/)ZE 0.5ml 53
F Aol A 2417 JHEAIZ T AlE & or]e] P B
A5 o)zH3HAE 0.5ml(200,000cpm) EF-38F0] A2
A A7 Whe A7) & A& 8t gamma counter® Zt
tube?) HMA}M S 245D loglog EEFAS 24
s AR Ul TR &= v Aguct AR
Ny FEFAoA dL FA Mg 2008 w3
Al €% ferritins©+ sandwich RIA kit
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HTable 1). AAE TR HEY SDS-gelollA 180
KDa¢] ¢ ol wE 383 2-mercaptoethanol
o] 4% Wl 180 % 90kDag) 271¢) @ ujE
Hm, HPLC A AvtEaduers Eajgko]
180kDag) ar-macroglobulin(A A A7k 12.75) 3} vi$-
T 9Y peak(FAAIZ 12.88)F Rith(data
not shown). AA& TIRE E7]o] AEst A& Y
o)A protein A-Sepharose AH-g o|&-3slo] A€
FAE A Wzl A Fr|8sih.

2. Al EEo ERtAHZI =8A HA|

e E M) 4.8 AR A FAHAEE an-
ti-TfR-Sepharose 4B A Aol A2 &

Procedure Volume(ml) Protein Concentration(mg/ml)  Total Protein(mg) Protein Recovery(%)
Homogenate 1200 5.03 6030 100
Pellet resuspended 1000 1.38 1375 22.8
Detergent solubilizate 1050 1.03 1082 17.9
Salting out(40% sat.) 136 4.57 621 10.3
Tf-Sepharose 4B 3 0.45 1.35 0.02
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Fig. 1. Elution profile of serum TR on Protein Pak 300SW.
two columng(0.75X 30cm) were connected and
preequilibrated with PBS. After application of pu-
rified TR, the column was eluted with PBS at a
flow rate of 0.8ml/min. The retention times were 19,
2min for serum TR, 12.7min for a,-macroglobulin
(180kDa, 1) and 21.2min for egg albumin(45kDa,
2).
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hybridomag v]%ate] TfRel Eo0]3t W& & 4

ArkslE 10709 cloned ¥AHTable 3). ¢&E&
A 9 isotyped AT A A WZ 4-4-1, 6-3-1,
22-1-3, 25-2-2, 30~4-5, 80-3-4%} 92-4-5+= 1gGol
2, T-3-18 1gGe 218 3L, 75-2-9¢} 83-3-4%= IgMo|3)
o} o] F two-site IRMAd o] &3dl7] AFe dFE
A Aoz A3y Aol 7bg At $43
SANE 4415 22-1-30) AAEYT, B2E A
4-4-1% dAFAZ 183 jodination® 22-1-3% o
234 2 sleo] IRMAE 3Hdstgit).

it rlo

bound CPM ztell+ log-log plotell A AX#AAE B
(Fig. 2). £33 Eztad@ 484

Table 3. Isotypes of monoclonal antibodies to serum
transferrin receptor

Antibody Antibody
number Isotype number Isotype
441 igG, 30-4-5 G
6-3-1 18G: 75-2-9 IgM
7-3-1 e 80-3-4 gG,
22-1-3 I2G, 83-3-4 IgM
25-2-2 [[-{CTI 92-4-5 1gG,
200
log Net C{M=2.657+0.550 log TiR
=0.9833, :
) 100 (r=0 p < 0.005)
=]
X
= 50
o
u]
9]
z
10

10 50 100
TR Added (ug/l)

500

Fig. 2. Standard curve for serum TR immunoradiometric
assay with 4-4-1 and 'llabelled 22-1-3 mono-
clonal antibodies.

Procedure Protein Conc. (/ml) Volume(ml) Total proteinimg) CPM' (/ml) Purification Fold Yield(%)
Serum 52 mg 650 33800 4260 1 100
Salting out 121 mg 195 23595 12160 1.2 85.6
Anti-TfR immunoaffinity 180 pg 10.5 1.890 11210 1280 43
Tf-Sepharose 4B 101 pg 3.5 0.354 29430 3553 3.7
Preparative HPLC 18 pg 11.0 0.198 6720 4553 2.7

1) Noncompetitive binding assay with each TiR fraction to '®I-Tf
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58mg/l, 39mg/1, 21mg/18 X Q= dH ANEES
116714 A o2 sAAlA 543 ARE v|uA
X848 A2 F JAHFig. 3). FHd SHe
intra—assay variationg AR Ade AE (B
21.0mg/DellA= 128 W5 A% XA 0.

3%Act w3 AE 1

9mg/1°1 2, BEAF(CV)< 4 .

(A 58.0mg/1)e] A$els F2HA7L 3.0mg/lo] 1,
CVE 5.2%9t): 34 84 5= 58mg/l, 39mg/l &
21mg/121 3709 NEE 1080 ZA ubE Z7g3to]
between-assay variation® A3 43} ztzk GVt

60

Serum TR (mg/l)

1:161:8 14 1:2 1:3
Dilution

Fig. 3. Serial dilutions of three serum samples for TiR
measurement. The initial TfR concentrations were
58mg/l(®), 39mg/1( o) and 21mg/I(0).
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Fig. 4. Serum TfR levels in normal subjects and iron-de-
ficiency anemia(IDA) patients. Mean serum TfR lev-
els were 5.4+0.98mg/! in 15 normal males, 4.6+0.
76mg/l in 15 normal females, and 18.0+12.8mg/l
in 19 IDA patients.
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log TfR=1.0931-0.175 X log Ferritin
(r=-0.9336, p < 0.0001)
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Fig. 5. Logarithmic correlation curve between serum TfR
and ferritin levels in 19 normal and DA patients.

5.6%. 4.3%%} 2.8% = HAE T

[t

b, Mol HEHE 2xjolMel 3 Estau|2l
H

o>
o

]
il
i)
i)
ot
X
=2
>
i)
ot
lu
)
>
5
[,
¥
op
—_>*4—"4
1o

%
TEE % A7 1599 A e d 5.4%
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