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Transferrin is a serum glycoprotein of which the molecular weight is 75,000 daltons and it
binds two atoms of iron on its specific binding sites. The main role of transferrin is to deliver
inorganic iron to erythron and placenta through its specific receptor on the cell surface, which is
purified from human reticulocytes and placental microvillous membranes. Recently transferrin recep-
tors have been found also in several established cell lines. However, the binding specificity of trans-
ferrin receptors against transferrins with different iron content and the actual significance of the
expression of the transferrin receptors on cultured tumor cells still remain controversial.

In the present paper, a receptor assay using #l-labelled transferrin was performed on various
cultured cell lines and the following results were obtained : (1) Specific binding of '**I-labelled
transferrin on K 562 cells was obtained with Ka of 1.98x10® M~ and the number of transferrin
receptors on K 562 cells was 5:10x 10%/cell. (2) Among transferrins with different iron content,
only diferric transferrin could bind the transferrin receptors on K 562 cells specifically. Apotrans-
ferrin and two forms of monoferric transferrins (C-site bound and N-site bound) did not show any
significant bindings to K 562 cells. (3) A transferrin receptor assay was also performed on eight
established cell lines (K 562, HL 60, U 937, Chang liver cell, C-Hc4, M 7609, HGC-25 and HMV) of
various origins of human tumors. Transferrin receptors were expressed in all the established cell
lines examined and the association constant was around 2.0x10%® M. (4) An increase of trans-
ferrin receptors was found in K 562 cells after S phase synchronization using 2.5 mM thymidine and
1 mM hydroxyurea. (5) The number of transferrin receptors during the subconfluent phase of
mouse Balb/c 3T3 fibroblasts was 1l times greater than that during the quiescent phase. (6)
Mitogenic stimulation of human peripheral blood lymphocytes by phytohemagglutinin also increased
the expression of transferrin receptors on the cell surface. These experimental results clarified the
specificity of transferrin receptors and suggested the possibility of transferrin receptors as a marker
for cell proliferation. (Received January 14, 1983 and accepted January, 31 1983)

Key words: Transferrin receptor, Diferric transferrin, Binding specificity, Cultured tumor cells,
Cell proliferation

Abbreviations :
Tf . transferrin PBS . phosphate buffered saline
apo Tf : apotransferrin BSA : bovine serum albumin
FCS . fetal calf serum PHA : phytohemagglutinin
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Table 1 Established cell lines

cell lines origin

K 562 lcggl(::;:i ;nyelogenous
HL 60 promyelocytic leukemia
U 937 histiocytic lymphoma
Chang liver cell liver cell

C-Hc4 primary hepatoma
M7609 colon cancer

HGC-25 pancreas cancer

HMV malignant melanoma
Balb/c3T3 mouse fibroblast
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human plasma
1 -~———— sgaturate with FeCl3
35% ammonium sulfate precipitation
supernatant

65% ammonium sulfate precipitation
precipitate

dialysis against 50mM Tris-HCl, pH 8.0
concentration (AMICON UM 10)
DEAE cellulose column chromatography

(0.05—0.35M Tris—HC|, pH 8.0
linear gradient )

High pressure liquid chromatography
(TOYO SODA HLC-803 A)

preparative polyacrylamide gel electrophoresis
(8—22% concave gradient gel)

elute from the band

purified transferrin

Fig. 1 Method for purification of human transferrin.
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#M o desferrioxamine (F.3 7 4 # —) R ¥Ry L fo ks
BRI 2T, SEFMEDR - 7= ] @ Tf 2/
Uiz, 50 ul OBEBBEHEHIT 204 Tak~7- 6 M EBE
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Fig. 2 Polyacrylamide gel electrophoresis of
purified human transferrin.
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Fig. 3 Immunoelectrophoresis of purified human transferrin.
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C-site
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} monoferric Tf
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Fig. 4 6M urea gel electrophoresis of purified human diferric and apo-
transferrin. The right column of the gel indicates the reference
transferrin with 309, saturation.

ferrin & X Uf apotransferrin o #i
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Fig. 5 Time course for transferrin binding to the
surface of K562 cells.
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Fig. 6 Specificity of transferrin receptors on K 562
cells. Diferric transferrin (e——e), albu-
min (x—--x), and Ig G (0—--+-0) were
tested for their effects on '**I-diferric trans-
ferrin binding.

0.5+

transferrin, bound , pmoles/10° cells

transferrin, nM
Fig. 7 Binding curves of diferric transferrin to K
562 cells. The solid line indicates total
transferrin binding and the dotted line indic-

ates low affininty binding.
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% 4 L #- high affinity binding &, JE4 29 7 low
affinity binding ¥&Fh T\ B, S HIcHEGEH#E T
% 100nM 35 X 08 1 M OBECHRML, BIRIORT
low affinity binding %57, £ *I-Tf DEES
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Fiwaho TIEENSIM Tre 72 —0 1/2 2¥d
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$E4 L7, Fig 9 ol 10EcEe LTI E
(bound) %, #t#h iz bound & free & Tfth % & b,
Scatchard plot SEHT® k= - L 25, KbH62 i
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B (Ka) 121.98x10°M™ Tah - T
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Fig. 8 High affinity binding curve of 25T -labelled
diferric transferrin to K562 cells.
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ing to K562 cells.
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Fig. 10 The effect of increasing concentrations of
unlabelled apotransferrin and diferric trans-
ferrin on the binding of '®I-labelled diferric
transferrin.
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Fig. 11 6M urea gel electrophoretic patterns of 2]
-labelled transferrin with different iron con-
tent. Analysis of the pattern is presented
in Table 2. Transferrin saturation: A :
96%, B : 82%, C : 25%, D : 2%. The con-
trol was 40% saturated transferrin and was
divided into four types of transferrin.
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Table 2 The relative proportion and percent saturation of tramsfervins with
different ivon content.

relative proportion of transferrin
transferrin . 9% transferrin
monoferric .
sample apo diferric saturation
C-site N-site
A 0 % 8.4% 0.6% 91.0% 96
B 4.5% 16.0% 11.0% 68.5% 82
C 55.9% 14.0% 24.8% 5.3% 25
D 95.4% 4.2% 0.4% 0 % 2

Transferrin samples with different iron content were prepared as indicated in Materials
and Method.

3.5 HEZHEMBOTI L&T2—
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5] ym e diferric T & B\ 7o, SHEEO v b B
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10%, 3.96+0.53x10°% 0.67£0.07x10°T, K562 &
HL60 iwv &7 & — 5% <, U937 Tiiziuc L
TIERAEY & - 7-. FFASk® Chang liver cell, C-Hc 4
o Tf ve7rx—#ut, el ES0%40.9810.40X%
10°, 2.81x10° ok f% % g3k M 7609 T 31.23%+
0.41X10°%, M ok HGC-25 T41.0.37£0.22X10° -
B BaEERE HMV T 0.95+10.34X10°L, £~ VI JOS— ‘
DEEMERT, —EOMEY &k EEERTOV 0.5 1.0
T, AE7T v e M BB I o TN COMBIT, 2X
10° M~ BB D% & - 7o MRS IR Table 5 i
S4 r 5w, K562 T26.5+5.7 kA, HL §0 © Fig. 12 S.catc}Tard plo'F of binding of transferrin

with different iron content. The percent

25.1+6.5 R, U937 ©28.1=5.2BTHbh, &

saturation of transferrin samples (A), (B),
BERL DT, Hr2offaov v s - L OHERA (C), (D) are indicated in Table2.

N
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bound / free, x 107 10°cells
w

g
(o]

transferrin, bound, pmoles/10 ® cells

Table 3 Relationship between specific transfervin binding to K 562 cells and
the concentration of diferric transferrin in culture medium.

transferrin total amount of concentration of specific binding of
sample transferrin (nM) diferric transferrin (nM) transferrin (pmol/10°ells)
A 1.5 1.37 0.254
B 1.5 1.02 | 0.181
C 1.5 0.08 0.005
D 1.5 0.00 0.001
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Table 4 Transferrin receptors on the surface of various human established cell
lines.
cell Tine numl?er of transferrin receptor
experiments number/cell Ka(M™)
K 562 (5) 4.9610.61%x10° 1.9140.48x10®
HL 60 (3 3.96+0.53x10° 2.22+0.57x10°
U 937 (5 0.67+0.07x10° 2.23+0.66 %108
Chang liver cell (5 0.98+0.40x10° 2.19%0.28x 108
C-Hc4 (2) 2.81x10° 2.72x108
M 7609 (5) 1.23£0.41x10° 2.06£0.21x108
HGC-25 (3) 0.37+0.22x10° 2.58+£0.80x108
HMV (3) 0.95+0.34x10° 2.29%0.66x10°

Data represent the mean+S. D,

kot
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N

Fig. 13 1z K 562 #f a4 5& %] o> thymidine & hydro-
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BLc Tt ve 72 —oiing s, 10 BREKE, @s
R L 7.

3-5-3 Mitogen Fli#it b RAG Y s Ho Tf L &7

51 —_—

PHA© X9, v r Ry v skbmmL, Tfrw
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AT X 5w, PHAR 8w & », DNA ~ o H
~thymidine DEL» = Zut, 78.2 fEiciinl 7223, [RIES
2, MR IMES Y o T ve 75 %03, WBo PHA
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10°/cell #9955 L 2. — K, &&EHK
PHA $l 8 3 © 2.92x10° M, st RRE: T 2.73X10°
M™ L BZFELRBDh - 1

3:5¢+4 . 75 2 Balb/c 3T3 fEfandEsEREE > T L

75—
M, BEHERSY 2L, BEHCAS~

Table 5 Doubling time of three human established

cell lines.
cell line doubling time (hours)
K 562 26.5%£5.7
HL 60 25.1%+6.5
U937 28.1%5.2

Data represent the mean=+S.D. of 10 experiments.

*H-thymidine
Tt receptor uptake
number/cell

1Ox105 r

5x105

Fig. 13 Expression of transferrin receptors after S
phase synchronization of K 562 cells using
25mM thymidine and 1 mM hydroxyurea.
The histogram and the solid line indicate
the number of transferrin receptors/cell and
incorporation of *H-thymidine, respectively.
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Table 6 Expression of transferrin veceplors of PHA-stimulated peripheral blood

lymphocytes.
lymphocyte 3Hfthymidirle uptake transferrin receptor
(cpm/10°cells) number/cell Ka(M™)
control 3,0441203 0.04x10° 2.73%x10°
PHA stimulated 238,025+7284 0.21x10° 2.92x10°

Data represent the mean+S. D.

¥ 2 Balb/c 3T3 fifas v, AR & & EHIo T v
7 & — o HEsH Table 7R Lic. #ikfics Tt
Ve x —H0.06 X 10°@/cell Th - 1ehy, B
0.67Xx10° Xy 11 fE oMM A R L. EERIE
2.74%10° M™, 2.05%X10° M7 L i3E—ETH » .

Table 7 Comparison of transfervin receptors of mou-

se Balb/c 3T3 fibroblasts in subconfluent
and quiescent phases.

transferrin receptor
growth phase
number/cell Ka(M™)
subconfluent 0.67x10° 2.05x10°
quiescent 0.06%10° 2.74%10%
4 % =
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