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Abstract. Monoclonal antibodies (MA) to a thrombocytopoiesis-stimulating factor (TSF or 
thrombopoietin) were obtained from hybridomas derived from the fusion of P3 X 63/Ag 8 cells 
and spleen cells from TSF-immunized BALB/c mice. The immunizing protein was a partially 
purified TSF-rich preparation from the urine of a thrombocytopenic patient, and was shown to 
stimulate platelet production in rebound-thrombocytotic mice; i.e., platelet counts of recipient 
mice were increased to 133% of control and the values for percentage 35S incorporation into 
platelets were elevated to 225% of control. Media from several hybrid cultures were tested in a 
microantibody detection technique that measured the binding of MA to a '251-purified TSF prep- 
aration from human embryonic kidney (HEK) cells. The immune complex was precipitated by 
the addition of goat anti-mouse IgG serum and centrifugation. One clone gave 25% binding of 
'251-TSF after a sevenfold dilution of the medium. This cell line was recloned and four of the 
subclones produced MA that gave even greater binding capacities. Hybridized cells were injected 
into "pristane-primed" mice and the antibodies produced in the ascites fluid were also shown to 
bind the I2%TSF. Compared to the results of normal mouse serum, ascites fluid containing MA 
was shown to bind the unlabeled TSF from HEK cells. The TSF activity was significantly reduced 
in the supernatant fluid after precipitating the TSF-anti-TSF immune complex by a second 
antibody when tested in an immunothrombocythemic mouse assay. After SDS-PAGE, the pre- 
cipitate from this TSF-MA conjugate showed that the antiserum bound a single 32,000 mol wt 
component, indicating the monospecificity of the MA. MA directed toward human TSF will 
allow studies that were not previously possible. 0 1986 Society for Experimental Biology and Medicine. 

Heterologous antibodies to a thrombocy- 
topoiesis-stimulating factor (TSF or throm- 
bopoietin) have been raised in rabbits against 
TSF from thrombocytopenic sheep and hu- 
mans and human embryonic kidney (HEK) 
cell culture medium ( 1-4). These antibodies 
were shown to neutralize the biological activity 
of TSF (2, 3) and to cause hemagglutination 
of TSF-sensitized RBC (1, 4). Since other 
studies have shown that monoclonal antibod- 
ies (MA) can be produced against human 
erythropoietin (5 ,6) ,  we attempted to produce 
MA to human urinary TSF by use of previ- 
ously described techniques (7). The results 
show that the MA that were produced will bind 
both a highly purified '251-TSF preparation 
and unlabeled TSF found in crude prepara- 
tions; the antibodies are of the IgGl subclass 
and are monospecific for a 32,000 mol wt 
component found in crude TSF-rich culture 
medium. 

Materials and Methods. Immunizing pro- 
tein. Mice were immunized with a partially 

' This work was supported by a Grant (HL 14637) from 
the National Heart, Lung, and Blood Institute. 

purified TSF-rich preparation (Table I) from 
urine of a thrombocytopenic patient that was 
prepared by DEAE-column chromatography 
(8). As shown, the TSF-rich preparation (TSF 
Lot 431 A2) gave increased platelet counts (P 
< 0.01) and elevated the percentage 35S in- 
corporations into platelets (P < 0.005) of assay 
mice when compared to values obtained from 
other mice that were injected with similar 
preparations from normal human urine. 

Immunization. BALB/c mice were immu- 
nized by intraperitoneal (ip) injections of TSF 
Lot 431 A2. The antigen was prepared by 
mixing 0.1 mg of the partially purified TSF 
with 1 % alum solution immediately before in- 
jection. After a series of injections (2 times a 
week for 3 weeks followed by monthly booster 
injections), plasma from blood obtained by 
retroorbital puncture was tested for antibodies 
by immunodiffusion techniques (9). When 
plasma showed strong precipitating lines 
against the immunizing protein, the mice were 
given a final booster of antigen and were killed 
3 days later. 

Hybridization of cells. Mice were killed by 
cervical dislocation and the spleen was re- 
moved aseptically. A single cell suspension was 
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TABLE I. ACTIVITY OF A PARTIALLY PURIFIED TSF-RICH HUMAN URINARY PREPARATION USED TO IMMUNIZE 
MICE AS TESTED IN THE IMMUNOTHROMBOCYTHEMIC MOUSE ASSAY 

Dose/mouse No. of Platelets % 35S incorporation 
Material (mg) mice (X f SE) (xi03 f SE) 

403 A2 2.0 
431 A2 2.0 

5 0.70 f 0.06 5.6 f 0.6 
5 0.93 f 0.03* 12.7 f 1.2** 

Note. 403 A2 = Fraction of normal urine obtained by DEAE-column chromatography. 431 A2 = Fraction of urine 
from a thrombocytopenic patient (9 1 ,000/mm3) obtained by DEAE-column chromatography. Values were significantly 
increased over controls: *P < 0.01, **P < 0.005. 

obtained and suspended in Dulbecco’s mod- 
ified medium that was supplemented with 20% 
fetal bovine serum, MEM nonessential amino 
acids, L-glutamine, and penicillin/strepto- 
mycin (all from GIBCO Laboratories, Grand 
Island, N.Y.). In preparation for fusion, a 
mouse myeloma cell line P3 X 63/Ag 8 (P3) 
was passed for 3 consecutive days to produce 
a culture in log growth phase. Spleen cells (1 
X 10’) and P3 cells ( 1 X 10’) were washed two 
times with Dulbecco’s modified medium and 
mixed. The two cell types were fused by adding 
1 ml of 50% polyethylene glycol (mol wt 1000) 
in Dulbecco’s modified medium. The reaction 
was slowed after 1 min by adding Dulbecco’s 
modified medium stepwise to a volume of 50 
ml. After washing two times, the hybridized 
cells were resuspended into Dulbecco’s sup- 
plemented medium and grown for 24 hr. The 
cells were then placed in selection medium 
(HAT medium) which consisted of a 1 : 100 
dilution of Dulbecco’s supplemented medium 
in 100 pM hypoxanthine, 1 pA4 aminopterin, 
and 16 pM thymidine (Sigma Chemical Co., 
St. Louis, Mo.). 

Cloning. The hybrid cells in HAT medium 
were diluted into three 96-well microtiter 
plates and the cultures were maintained at 
37°C in a water-saturated atmosphere of 5% 
COz in air. The plates were observed daily for 
cell growth. A sample of the medium from 
each well that contained a single colony was 
removed and replaced with Dulbecco’s mod- 
ified medium. 

Screening. The media that were removed 
from the wells of the microtiter plate were 
tested for the presence of MA by a microan- 
tibody detection technique. Cells from wells 
showing positive titers were plated in a well of 
a 24-well microtiter plate which contained a 
feeder layer of spleen cells from a normal 

mouse. For further cell growth, the cultures 
were transplanted into either 25- or 80-cm3 
tissue culture flasks. 

Iodination of highly purijied TSF. A highly 
purified TSF-rich preparation ( 10) was iodin- 
ated by a previously published technique (1 1). 
For iodination, 0.1 ml of methylene chloride 
and 40 pg of a substituted glycoluril (Iodogen, 
Pierce Chemical) were placed in a glass tube 
and rotated in a 37°C water bath until only a 
thin coating remained on the tube. In another 
tube, 20 pg of the highly purified TSF, 1 .O pg 
of potassium iodide, 1 .O mCi of 1251, and 160 
p1 of a 0.1 M Na borate/0.25 M NaCl solution 
were mixed. Both tubes were cooled in an ice 
bath for about 5 min. The reaction was then 
initiated by transferring the ‘251-TSF mixture 
to the tube containing the Iodogen and allowed 
to react for 5 min in a gently shaking ice bath. 
The reaction was terminated by decanting the 
mixture from the residual Iodogen. The mix- 
ture was added to a 1 0-ml Sephadex G-25 fine 
column that was equilibrated with a radioim- 
munoassay diluent (RIAD, consisting of 0.0 1 
M phosphate buffer, pH 7.4, 0.15 M NaC1, 
0.1% bovine serum albumin, and 0.1% Na 
azide) and eluted in 0.5-ml fractions into tubes 
containing 0.5 ml of collecting buffer (0.0 1 M 
phosphate buffer, pH 7.4, 0.15 NaCl, 2.0% 
bovine serum albumin, and 0.1% Na azide). 
After collecting the tubes, 10 pl of 12%TSF 
from each tube was placed into 0.5 ml of 
RIAD and counted for radioactivity. The tube 
that contained the 1251 bound TSF with the 
highest activity was saved, aliquoted into 0.1 - 
ml portions, quick frozen using dry ice and 
acetone, and stored at -20°C in lead pots. 

After iodination, the 1251-TSF was subjected 
to reverse-phase high-performance liquid 
chromatography (RP-HPLC). For RP-HPLC, 
a linear gradient was used; 0.1 % trifluoroacetic 
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acid (TFA) in H 2 0  was solvent A and 0.1 % 
TFA in acetonitrile (AN) was used as reagent 
B. All mobile phases were prefiltered (0.22 pm, 
Millipore) and degassed in vacuo, aided by 
brief sonication. A Waters Associates HPLC 
system was used that utilized a Model 720 
controller, Model 6000 and Model M-45 sol- 
vent delivery systems, and a Model U-6K in- 
jector capable of injections of 0-2000 pl. A 
Kratos-Schoeffel Instruments Company 
Model SF 770 variable wavelength uv absor- 
bance detector was used. A Houston Instru- 
ments dual-channel recorder (Fisher Scientific) 
provided elution profiles. The maximum in- 
strument sensitivity for monitoring proteins 
was approximately 10 ng. Elutions were made 
at 1.0 ml/min. 

Figure 1 illustrates the elution profile of 
protein and the emission profile for radioac- 
tivity of purified TSF following iodination and 
RP-HPLC chromatography. '251-TSF was 
clearly associated with the protein component 
which, prior to iodination, was bioactive ( 10). 
No secondary y-emission peaks were pro- 
duced other than normal residuals expected 
as peptide and/or oligopeptide fragments due 
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FIG. 1 .  RP-HPLC profile of I2%TSF. Injection of 5 pl 
(140,323 cpm and 1 pg) of '251-TSF was made on a 
Brownlee Lab RP-300 column (4.6 X 250 mm). Elution 
was at 1 .O ml/min. Gradient from 0% A (0.1% TFA/H20) 
to 60% B (0.1 % TFA/AN) was at 1 %/min. Detection was 
at A225 nm, 0.05 AUFS. 1251 counts of TSF were restricted 
to the single protein peak. 

to the iodination procedure. Since a single 
protein peak was observed, this material was 
utilized for detection of MA. 

Antibody detection. Fifty microliters of the 
test materials (primary clone 4IIIA 1 ; reclones 
R4IIIA 1-IE7, -1G2, -1IIF4, and -1IIG2; and as- 
cites fluid HyAb 4-la) with appropriate con- 
trols was added to the first well of rigid U-well 
microtiter plates. Three additional wells of 
each row were filled with 25 pl of RIAD. Using 
a 25-pl dilutor, a serial dilution was then made. 
Twenty-five microliters of the '251-TSF, diluted 
1: 100 in RIAD, was then added to each well. 
The plate was incubated at 37°C for 1 hr. Fol- 
lowing incubation, 0.1 ml of RIAD was added 
to each well and the plales were stored for 48 
hr at 4°C. After storage, 25 pl of either undi- 
luted or a 1 : 10 dilution of the IgG extract of 
a second antibody (goat anti-mouse IgG 
serum, GAMGG) was added to each well. The 
plate was incubated at 37°C for 1 hr and stored 
at 4°C overnight. The following day, the mi- 
crotiter plate was centrifuged at 280g for 30 
min and 0.1 ml of the supernatant fluid was 
counted for radioactivity in a y scintillation 
counter. Since the supernatant fluid contained 
the unbound '251-TSF, the percentage '251-TSF 
bound to MA could then be easily calculated. 

Ascites fluid production. For ascites fluid 
production, BALB/c mice were "primed" by 
an ip injection of pristane (2,6,10,14-tetra- 
methyl pentadecane). Approximately 4 weeks 
after pristane injection, 1 X lo7 hybrid cells 
were injected ip into these mice and ascites 
fluid developed in about 2 weeks. Control as- 
cites fluid was obtained from some mice that 
were injected with pristane but not injected 
with cells. The ascites fluid from each mouse 
was collected daily and stored at -76°C until 
used. 

Tests for antibodies that bind unlabeled 
TSF. Monoclonal antibodies to TSF were 
tested for their ability to bind unlabeled TSF 
by measuring its biological activity in super- 
natant fluid after precipitating the immune 
complex (3). The ascites fluid from mice in- 
jected with hybrid cells and control BALB/c 
serum (0.25 ml/mouse) were heat inactivated 
for 30 min at 56°C. Each specimen was mixed 
separately with 30 mg of crude TSF and placed 
in a water bath at 37°C for 1 hr, followed by 
an additional incubation at 4°C for 54 hr. Af- 
ter incubation of TSF with ascites fluid or 
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control mouse serum, the mixtures were fur- 
ther treated with GAMGG for l hr at 37°C 
(1 part GAMGG to 8 parts ascites fluid or 
control serum, v/v) to remove excess mouse 
y-globulins and/or MA-TSF complexes (2). 
After refrigeration overnight at 4°C the in- 
cubates were centrifuged to remove precipi- 
tates and the supernatant fluids were injected 
into TSF assay mice (12). 

Mouse bioassay for TSF. TSF in superna- 
tant fluids was assayed for bioactivity by the 
immunothrombocythemic mouse assay ( 12). 
A single ip injection of rabbit anti-mouse 
platelet serum (RAMPS), prepared and ab- 
sorbed with mouse red blood cells as previ- 
ously described ( 13), was administered to 
groups of 8- to 10-week-old C3H male mice 
5 days prior to injection of test materials. Ad- 
ministration of RAMPS induced marked 
thrombocytopenia within 3-4 hr which was 
followed by rebound-thrombocytosis. During 
thrombocytosis, groups of mice were injected 
subcutaneously (sc) with test materials twice 
each on Day 5 and Day 6 following RAMPS 
injection. On Day 7, 30 pCi Na235S04 in 0.5 
ml saline was injected intravenously (iv), and 
the percentage 35S incorporation into circu- 
lating platelets was measured on Day 8 in 
blood samples obtained by cardiac puncture; 
platelet counts were made on blood taken 
from the retroorbital sinus. The data were 
evaluated by use of Student's t test. 

Tests for monospecijicity of MA. Mono- 
clonal antibodies to TSF were further tested 
for their ability to bind specifically the TSF in 
crude preparations by incubation of the MA 
with TSF and subjecting the immunocomplex 
to sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE). Ascites fluid 
(HyAb 4-la, 20 pl) was mixed with the crude 
TSF (2.4 pg in 160 p1) and incubated at 37°C 
for 2 hr. Another tube containing control as- 
cites fluid and TSF was prepared and processed 
in the same manner as the ascites fluid con- 
taining MA. After incubation, the mixtures 
were further treated with 20 pl of GAMGG 
diluted 1 : 1 with RIAD, mixed, and incubated 
at 37°C for 1 hr. Following this treatment, the 
incubates were kept at 4°C overnight and the 
precipitates washed two times with cold water. 
The immune complexes were solubilized with 
2-mercaptoethanol and subjected to SDS- 
PAGE. 

0 

MEDIA FROM GROWTH \ 

Identijication of immunoglobulin subtypes. 
A sensitive enzyme immunoassay method 
(HyClone Laboratories, Logan, Utah) that 
utilizes a double-antibody detection system 
was used for determination of mouse immu- 
noglobulin subtypes in the culture media. In 
this test, data were obtained for establishing 
the specific immunoglobulin subclass, i.e., 
IgM, IgGI, IgG2a, IgG2b, IgG3, and IgA of 
the MA. For determination of the antibody 
type in the ascites fluid, SDS-PAGE was used. 

Results. Figure 2 shows the results of testing 
varying dilutions of culture medium from a 
single cell clone (4IIIA 1) for MA. The medium 
was incubated with iodinated TSF and the 
binding capabilities of antibodies to ' 251-TSF 
were measured. When compared to control 
medium, fluid from this clone gave elevated 
binding of * 251-TSF after a sevenfold dilution; 
reduced ' 251-TSF binding capacities were ob- 
served with greater MA dilutions. 

Recloning of this cell line gave four sub- 
clones that also showed binding capabilities; 
i.e., 22-38% binding of the '251-TSF by MA 
was found after a sevenfold dilution: decreased 
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FIG. 2. Medium from a single cell clone (4IIIAl) that 
was produced by hybridization of spleen cells from a mouse 
injected with a partially purified TSF with P3 cells in HAT 
medium. The medium was tested for its ability to bind 
'*'I-TSF, using a microantibody detection technique (see 
Materials and Methods). 
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TS F 

( T S F  + CONTROL SERA 1 
t ANTI - GAMMA GLOBULIN 

( T S F  + HyAb 4-10] 
+ ANTI-GAMMA GLOBULIN 

TABLE 11. PERCENTAGE "'I-TSF BINDING BY MONOCLONAL ANTIBODIES IN MEDIA OF RECLONED CELL LINES 

* 
+4  

* 
6 - l  

NS 

k-l 

Reciprocal Control Dulbecco's 
of dilution medium R4IIIA 1 -1E7 R4IIIA 1 -1G2 R4IIIA 1 -1IIF4 R4IIIA 1 -1IIG2 

7 -0.7 37.7 22.1 37.2 29.8 
14 -6.9 17.4 13.4 26.2 36.4 
28 -0.5 12.5 16.4 2.7 11.0 
56 8.2 2.5 14.2 10.5 10.5 

binding to 2-14% was found after a 56-fold 
dilution (Table 11). 

Table I11 shows the results of injecting hy- 
brid cells that were producing MA into "pris- 
tane-primed" mice and testing the ascites fluid 
for antibodies. Antibodies in the ascites fluid 
were shown to bind the '251-TSF to about 36% 
regardless of dilution, indicating that the titers 
of the MA were probably much greater. In 
each case the titers of the antibodies improved 
slightly with each more rigid selection proce- 
dure; i.e., 25% binding was observed in the 
original clone, recloning gave 22-38% binding, 
and antibodies produced in ascites fluid 
showed 34-37% binding. 

Figure 3 shows the results of testing the as- 
cites fluid (HyAb 4- la) for antibodies that will 
specifically bind the unlabeled TSF. As shown, 
TSF alone and TSF incubated with control 
serum gave significantly (P < 0.005) higher 
percentage 3 5 ~  incorporations into platelets of 
assay mice than were found in platelets of mice 
injected with saline. However, when ascites 
fluids from mice injected with cells from clone 
4IIIAl were incubated with the TSF, no sig- 
nificant increase in percentage 35S incorpora- 
tion into platelets was found when compared 
to the values obtained from mice injected with 
saline. Moreover, the incubation of HyAb 4- 
la  with TSF resulted in reduced (P < 0.05) 

TABLE 111. PERCENTAGE 12'I-TSF BINDING OF 
MONOCLONAL ANTIBODIES FROM ASCITES FLUID 

PRODUCED BY INJECTING CULTURED CELLS 
INTO PRISTANE-PRIMED MICE 

Reciprocal 
of dilution Control ascites HyAb 4- 1 a 

7 
14 
28 - 

4.2 
0.5 
-6.1 

36.0 
34.2 
36.8 

Note. Control ascites fluid was produced by the injection 
of pristane only. 

incorporation values when compared to results 
from mice injected with TSF that had been 
incubated with control serum. These data in- 
dicate that MA in ascites fluid will specifically 
bind the crude-unlabeled TSF, and after ad- 
dition of the second antibody the TSF can be 
removed from the supernatant fluid. 

The results of subjecting the precipitate of 
the reaction of the crude TSF-rich material 
and the ascites fluid (HyAb 4-la) to SDS- 
PAGE are shown in Fig. 4. In agreement with 
the results presented in Fig. 3, these data in- 
dicate that a single protein of -32,000 mol 
wt was removed from the crude TSF-rich 

FIG. 3. The effects of ascites fluid (HyAb 4-la) from a 
mouse injected with hybrid cells on the biological activity 
of TSF when tested in the immunothrombocythemic 
mouse assay. The ascites fluid and control serum (0.25 
ml/assay mouse) were heat-inactivated and mixed with 
TSF (30 mg/mouse) for 1 hr at 37"C, followed by incu- 
bation for 54 hr at 4°C. The mixture was further absorbed 
for 1 hr at 37°C with goat anti-mouse y-globulin (anti-y- 
globulin or GAMGG) to remove antibody-TSF com- 
plexes; supernatant fluids were assayed for TSF. Five mice 
were used in each treatment group and the bars represent 
the SE; *P < 0.005. 
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FIG. 4. SDS-PAGE of a crude TSF-rich preparation 
(lane 1)  and precipitates of antibody-antigen reactions of 
TSF reacted with ascites fluid from a mouse (HyAb 4-la) 
that was injected with MA-producing cells (lane 2) and 
ascites fluid from a control mouse (lane 3). Coomassie 
blue-stained NaDodS04/polyacrylamide gel electropho- 
resis; the molecular weight standards are shown X lop3 on 
the left side. A protein band is shown on lane 2 (*) that 
coincides with a band in the crude TSF-rich preparation 
(mol wt 32,000) that is not present in the control (lane 3). 

preparation by the MA. This protein band was 
also observed in the crude TSF preparation 
(lane I), but not in the control ascites fluid 
that was incubated with the TSF (lane 3). 

The results of determining the type of 
mouse monoclonal antibody that was present 
in the culture media of the primary clone and 
the reclones of hybrid cells, using a commer- 
cial subisotyping kit, showed that the media 
contained a single mouse immunoglobulin of 
the IgGl subclass. Also, the control mouse 
serum contained IgM, IgG 1, IgG2a, and IgG2b 
antibodies. These data support the claim that 
these cell cultures were developed from a single 
cell. 

Figure 5 shows the results of subjecting 
control ascites fluid and ascites fluid that de- 
veloped in mice after injection of MA-pro- 
ducing cells to SDS-PAGE. As shown, two 
major protein bands, with apparent molecular 
weights of 52,000 and 23,000, were found in 
the ascites fluid HyAb 4- 1 a that were not found 
in control ascites fluid. These two bands are 
characteristic of the heavy and light chains of 
the IgG class of immunoglobulins (5). 

Discussion. The present study showed that 
MA to TSF have been produced. The MA 
(from the original clone, from recloning the 
original cell line, and from ascites fluid of 
“pristane-primed” mice that were injected 
with cells that were producing MA) were 
shown to specifically bind an ‘251-labeled 
highly purified TSF preparation. Moreover, 
the MA found in ascites fluid specifically 
bound TSF found in a crude preparation. 

Thrombopoietin, like erythropoietin ( 14), 
is a poor antigen (1-4), and development of 
MA has not been easy. In the present study, 
a partially purified human urinary TSF prep- 
aration (Table I) was used as the antigen. Sev- 
eral other preliminary studies have shown that 
the use of the more highly purified TSF-rich 
preparations as antigens did not produce pre- 
cipitating antibodies on the initial screen. 
Spleen cells from some of these mice were hy- 
bridized with P3 cells and variable results were 
obtained. In this study, 9 of 15 mice showed 
positive antibody production after immuni- 
zation with crude TSF preparations on the 
initial screen. After nine fusions and screening 
of about 250 wells/fusion (total of 2500 wells) 
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FIG. 5. SDS-PAGE of ascites fluids from a control 
mouse (lane 1) and from a mouse (HyAb 4-la) that was 
injected with MA-producing cells (4IIIAl) (lane 2). Coo- 
massie blue-stained NaDodS04/polyacrylamide gel elec- 
trophoresis showing several protein bands between 92,500 
and 45,000 mol wt. Two additional bands are shown in 
the HyAb 4- 1 a ascites fluid that are not shown in control 
ascites fluid, i.e., 52,000 and 23,000 mol wt (arrows). The 
molecular weight calibration is shown X10-3 on the left 
side. 
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that contained hybridoma cultures, only 54 
wells (2%) were positive for the production of 
MA that were directed against the TSF as 
measured by the antibody detection technique 
described herein. Of these positive wells, we 
have been successful in establishing six cell 
lines, and the results of one cell line are re- 
ported herein. 

Partially purified human urinary TSF was 
used for immunization of the mice and a 
highly purified TSF from HEK cells was used 
for the detection of MA, because human urine 
and serum-free HEK cell culture medium have 
only a few proteins in common (4), i.e., TSF 
and possibly CSF, etc. Therefore, this ap- 
proach has specific immunochemical advan- 
tages, and improves the chances of producing 
a specific MA. As shown herein, MA were 
produced that bind 12'I-TSF, and furthermore, 
they will selectively bind TSF in a crude prep- 
aration. 

It was shown in the present report that from 
22 to 38% of the '251-TSF could be bound by 
the MA. This large variation in binding ca- 
pacities is probably related to the different ti- 
ters and dilution of the MA used. For example, 
further dilutions of the MA will be required 
(Table 111) to reduce the 12'I-TSF binding to 
HyAb 4-la. It is obvious that reductions in 
binding capacities are possible, when one con- 
siders the control values presented in this table. 
It is also obvious that the four MA presented 
in Table I1 have different antibody titers. Re- 
gardless, the goal of demonstrating positive 
binding, and therefore specificity, of MA to 
'251-TSF has been achieved in this study. 

Why 100% of the 12'I-TSF was not bound 
is not clear, but the dilution of the culture me- 
dia by sevenfold before testing, so that enough 
material would be available for several tests at 
different dilutions, does not seem to be a rea- 
son, since several experiments were performed 
using very high levels of MA. The results in- 
dicate that it was impossible to get 100% bind- 
ing, regardless of the amount of material used. 
Moreover, different times of incubation, de- 
creases in the amount of labeled TSF, and dif- 
ferent amounts of GAMGG did not result in 
complete removal of the '251-TSF. It seems 
possible, therefore, that TSF may exist in dif- 
ferent forms, as has been reported for eryth- 
ropoietin (1 5) ,  and the MA may be specific 

for only one form of the TSF. In agreement 
with the present results, other studies have 
noted that only about 45% ( 5 )  and 5 1% (6) of 
erythropoietin can be bound by MA. 

We tested the ability of the MA to react 
with unlabeled TSF by measuring TSF activity 
in the supernatant fluids after immunoprecip- 
itation with a second antibody. The results 
(Fig. 3) showed that when TSF was incubated 
with ascites fluids from mice injected with cells 
that were producing MA, the effects of TSF in 
the mouse bioassay were reduced significantly 
(P < 0.05), but, as expected, not completely. 
These findings are in agreement with previous 
results by Weiss et al. ( 5 )  who showed that 
incubation of pure erythropoietin with MA 
directed against erythropoietin resulted in 
partial removal of the immune complex after 
precipitation with goat anti-rat immunoglob- 
ulin; however, a combination of Staphylococ- 
cus aureus and rabbit anti-rat immunoglob- 
ulin precipitated all of the erythropoietin-an- 
tibody complex and the unbound monoclonal 
antibody, but not all of the 1251 bound eryth- 
ropoietin. Had these workers assayed the su- 
pernatant fluids for erythropoietin, there is lit- 
tle doubt that erythropoietin levels would have 
been reduced. Moreover, the work by Yana- 
gawa et al. (6) showed that the erythropoietin- 
antibody complex was inactive if rabbit anti- 
mouse IgG absorbed to S. aureus was added 
to specimens containing MA to erythropoietin 
and unlabeled erythropoietin. Although the 
two hormones are chemically quite different, 
it appears that the results of the previous stud- 
ies are in close agreement with the present 
work. 

In addition to the findings presented in Fig. 
3, it should also be mentioned that when the 
precipitate from a TSF-MA reaction was sub- 
jected to SDS-PAGE there was found a single 
Coomassie blue-positive band with an appar- 
ent mol wt of 32,000 that was not found in 
the control preparation. These data indicate 
that the MA described herein are monospe- 
cific, and they further confirm our previous 
finding that TSF from HEK cell culture me- 
dium has a molecular weight of -32,000 (10). 

The antibodies that are found in the culture 
media and described in this report are of the 
IgGl subclass. In addition, the present study 
also showed that after subjecting ascites fluid 
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from mice that were producing MA to SDS- 
PAGE, two major protein bands with apparent 
molecular weights of 52,000 and 23,000 were 
found (Fig. 5) .  The control ascites fluid did 
not contain these two protein bands. These 
data are, therefore, in agreement with previous 
work by Weiss et al. ( 5 )  and Yanagawa et a[. 
(6). Since the molecular weights of these two 
protein bands are characteristic of the heavy 
and light chains of the IgG class of immuno- 
globulins, and the results of the subtyping ex- 
periments showed that the media contained 
only IgGl antibodies, it is concluded that the 
MA described in this report are of the IgGl 
subclass. 

MA for immunochemical studies of TSF 
have many advantages over the use of heter- 
ologous antibodies. Since TSF in a highly pu- 
rified state (10) is available only in limited 
amounts, MA will make possible the large- 
scale isolation of TSF by immunoaffinity 
methods. Moreover, MA will aid in further 
chemical and biological characterization of 
TSF, make possible the identification of the 
site of production of the hormone, and provide 
antibodies for the development of radioim- 
munoassays for TSF. 
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