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ABSTRACT A polypeptide transforming growth factor (TGF)
that induces anchorage-dependent rat kidney fibroblasts to grow
in soft agar has been isolated from human placenta and purified
to homogeneity. This polypeptide is classified as a type (3 TGF
because it does not compete with epidermal growth factor (EGF)
for membrane receptor sites but does require EGF for induction
of anchorage-independent growth of indicator cells. Purification
of this peptide was achieved by acid/ethanol extraction of the pla-
centa, followed by gel filtration, cation exchange, and HPLC of
the acid-soluble proteins. Homogeneity of the TGF-.3 from the
final column was shown by its constant specific activity and amino
acid composition across the peak of soft agar colony-forming ac-
tivity and by its migration as a single band at Mr 23,000-25,000
on NaDodSO4/polyacrylamide gel electrophoresis. Under reduc-
ing conditions, the protein migrated on a gel as a single band at
Mr 13,000. The purified placental TGF-(8 caused half-maximal
growth stimulation of indicator cells in soft agar at 64-72 pg/ml
(3 pM) in the presence of EGF at 2 ng/ml (0.34 nM).

Transforming growth factors (TGFs) have been operationally
defined as low molecular weight acid-stable polypeptides that
induce nonneoplastic anchorage-dependent rat kidney cells to
form colonies that grow in soft agar (1, 2). These TGFs have
been shown to have important functional interactions with epi-
dermal growth factor (EGF) and can be subdivided into at least
two groups based on these interactions (3-5). One group, de-
fined as type a, is able to compete with EGF for membrane
receptor binding sites and includes sarcoma growth factor (1),
a TGF purified from human melanoma cells (6), and EGF itself
(5). The second group, type ,B, does not bind to the EGF re-
ceptor. Type /3 TGFs were originally isolated from nonneo-
plastic tissues (3) but have recently been shown to occur in neo-
plastic cells as well (4, 5, 7). Both TGF-a and TGF-P must be
present to induce the growth of nonneoplastic cells in soft agar
(8). The normal physiological functions of these potent growth
factors are not yet known. It has been suggested that they may
be involved in embryological development (9, 10), wound heal-
ing (11), and tissue repair (11). In this report, the presence of
a TGF-,B in human placenta is documented and the total pu-
rification to homogeneity of a TGF-P derived from a human
organ is described.

MATERIALS AND METHODS
Soft Agar Assay. Soft agar colony-forming activity was de-

termined as described (2) except that the cells were stained (12)
at the end of 1 wk in assay and the numbers and sizes of the
colonies were determined using a Bausch and Lomb Omnicon
image analysis system (3).

Extraction. Normal term human placentas were frozen on
dry ice within 30 min after delivery and stored at -60'C until
used. Placentas were extracted as described (2) except that the
homogenized tissue (600-1,000 g) was stirred in the acid/ethanol
solution at room temperature for 2 to 3 hr prior to centrifu-
gation. The resulting supernatant was adjusted to pH 3.0 and
protein was precipitated with ether and ethanol (2). The pre-
cipitate was collected by filtration and dissolved in 1 M acetic
acid (1 ml/g of tissue). Insoluble material was removed by cen-
trifugation, the supernatant was lyophilized, and the residue
[27 mg/g (wet weight) of placenta] was stored at -20'C.

Gel Filtration Chromatography. The lyophilized extract (239
g) from 11 placentas (8.8 kg) was dissolved in 1 M acetic acid
(50 mg of residue per ml) and applied in two portions (107 g and
132 g of protein) to a column (35.6 X 90 cm) of Bio-Gel P-30
(100-200 mesh, Bio-Rad) equilibrated and eluted (1.6 liters/hr)
with 1 M acetic acid at room temperature. Fractions (800 ml)
were collected and aliquots of the even-numbered fractions were
assayed for protein and for growth-promoting activity in soft
agar. The fractions containing TGF activity were combined into
three pools (A-C) (see Fig. 1) and lyophilized. Pool B (6 g of
residue per column) was dissolved in 1 M acetic acid (60 mg/
ml) and applied to a column (10 x 91 cm) of Bio-Gel P-6 equil-
ibrated with 1 M acetic acid. The protein was eluted from the
column with 1 M acetic acid (150 ml/hr), collecting 37-ml frac-
tions. Aliquots of even-numbered fractions were assayed for
TGF activity. The fractions containing this activity were pooled
and lyophilized.

Ion-Exchange Chromatography. Twenty-four percent of pool
B from the P-6 column (2.1 g of protein) and pool C from the
P-30 column (1.9 g of protein) were dissolved separately in 60
ml of 0.01 M acetic acid. The pH was adjusted to 4.5 and the
conductivity, to 1.2-1.5 mS/cm. Each sample was then applied
to a cation-exchange column (CM-Trisacryl M; LKB; 5 X 10
cm) equilibrated with 0.05 M sodium acetate (pH 4.5) (buffer
A). The column was eluted with 300 ml of buffer A (145 ml/hr)
and then with a linear sodium chloride gradient to 0.70 M so-
dium chloride in buffer A at 0.8 mM/min. After 70 fractions
(29 ml each), the column was washed with 1 M sodium chlo-
ride/0.05 M sodium acetate, pH 2.5, and then reequilibrated
with buffer A. Aliquots from the even-numbered fractions were
removed for determination of protein and TGF activity. The
peak of activity was combined for further analysis.

Reversed-Phase HPLC. The sample from the ion-exchange
column was adjusted to 10% (vol/vol) acetonitrile/0. 1% tri-
fluoroacetic acid and the pH was adjusted to 2.0. It was then
pumped onto a uBondapak C18 HPLC column (10-,um particle
size, 0.78 x 30 cm; Waters Associates) equilibrated with ace-
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tonitrile/water/trifluoroacetic acid, 10:90:0.1 (pH 2). After the
sample had been washed onto the column with 50 ml of the
initial solvent, the column was eluted (1.2 ml/min) with a 60-
min linear gradient from 25:75:0.1 to 45:55:0.1 of acetonitrile/
water/trifluoroacetic acid, pH 2. Seventy-five fractions (1.2 ml
per fraction) were collected, and then the column was stripped
with acetonitrile/water/trifluoroacetic acid, 80:20:0.1 (pH 2),
collecting 2.4-ml fractions. Aliquots (5 pkl) were removed for
assay of TGF activity.
The peak of TGF activity from the C18 HPLC column was

combined, lyophilized, dissolved in n-propanol/water/trifluo-
roacetic acid, 30:70:0.1 (pH 2) and applied to a uBondapak CN
column (10-gm particle size, 0.38 X 30 cm; Waters Associates)
equilibrated with the sample solvent. This column was eluted
(1.1 ml/min) with a 153-min linear gradient from 30:70:0.1 to
45:55:0.1 of n-propanol/water/trifluoroacetic acid, pH 2. Forty-
five fractions (2.2 ml per fraction) were collected and aliquots
were removed for bioassay, amino acid analysis, and gel elec-
trophoresis.

NaDodSO4/Polyacrylamide Gel Electrophoresis. Samples
were analyzed on 1.5-mm slab gels using either a polyacryl-
amide gradient of 15-28% or a 15% polyacrylamide gel and a
discontinuous buffer system (13). Proteins were fixed with
formaldehyde (14) and stained using a silver staining technique
(Gelcode, Upjohn). Protein standards were obtained from Be-
thesda Research Laboratory. In some cases, samples were boiled
with 5% 2-mercaptoethanol for 3 min prior to application to the
gel.
Other Procedures. Total protein was determined by either

the dye-binding method (15) or fluorescamine assay (16) using
bovine serum albumin as standard or by amino acid analysis.
Quantitative amino acid analyses were done with a modified
Beckman 121MB amino acid analyzer (17) equipped with a Gil-
son model 121 fluorometer for detection of primary amines us-
ing o-phthalaldehyde reagent solution (Fluoraldehyde, Pierce)
and an Autolab system 1 computing integrator. Lyophilized
samples (7-40 pmol) were hydrolyzed in 100 ,ul of constant-
boiling HCI (Pierce) containing 0.1% liquid phenol at 150°C for
2 hr in sealed evacuated tubes. These modified conditions of
decreased hydrolysis time at elevated temperature (18) yielded
results for several test proteins that were identical to or better
than those obtained after conventional acid hydrolysis (110°C,
24-48 hr) (data not shown). Assays for EGF-competing activity
were carried out as described (1, 19).

RESULTS
The acid/ethanol extract of human placenta displayed activity
that stimulated anchorage-dependent normal rat kidney cells to
form colonies in soft agar (4). EGF markedly enhanced (150-fold)
the activity of this placental TGF. As has been shown for other
TGFs (1, 2, 7), the activity of a partially purified placental prep-
aration is destroyed by treatment with either trypsin or di-
thiothreitol (data not shown).

Chromatography of the undialyzed crude residue from the
combined acid/ethanol extractions of 11 placentas on a Bio-Gel
P-30 column in 1 M acetic acid gave two peaks of activity when
assayed in the presence of EGF (pool A, apparent Mr 5,000-
9,000, and pool C, apparent Mr <3,500) (Fig. 1). No colony-
stimulating activity was detected when equivalent aliquots were
assayed in the absence of EGF. Therefore, all subsequent soft
agar assays were carried out in the presence of EGF at 2 ng/
ml. None of the three pools shown in Fig. 1 competed with
'25I-labeled EGF for EGF membrane receptor sites on CCL-
64 cells (data not shown). This TGF is therefore a member of
the TGF-,B family. Pool A, which contained 31% of the re-
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FIG. 1. Bio-Gel P-30 chromatography ofthe crude acid/ethanol ex-
tract of placenta. The residue (132 g) from an undialyzed acid/ethanol
extract of 4.4 kg of placenta was applied in 2.6 liters of 1 M acetic acid
to a Bio-Gel P-30 column. The column was eluted with 1 M acetic acid.
Protein (---) was determined using 10-IAI aliquots ofthe even-numbered
fractions and soft agar assays (-) were carried out on lyophilized
150-,ul aliquots. Fractions within the horizontal bars were pooled and
lyophilized for further analysis. Markers used were BSA, bovine serum
albumin (Mr, 68,000); CA, chymotrypsinogen A (Mr, 25,000); RNase (Mr,
13,800); insulin (Mr, 6,000); and Na2ATP (Mr, 551).

covered protein, had 17% of the recovered TGF activity (Table
1) while pool C, with only 0.8% of the protein, contained 18%
of the recovered activity. Pool B did not give a valid assay for
TGF activity because of the presence of a growth inhibitory
substance. This inhibitor could be separated from the soft agar
colony-forming activity by chromatography on a Bio-Gel P-6
column (data not shown). As shown in Table 1, 69% of the TGF
activity found in the crude residue was present in the pool B
fraction that eluted from the P-6 column. Pools B and C were
therefore further purified.

Application of the protein from the gel filtration column to
a cation-exchange column and subsequent elution of the ap-
plied material with a linear sodium chloride gradient gave a sin-
gle peak of soft agar colony-forming activity (Fig. 2). Although
85-96% of the applied protein was recovered from the column,
only 10-45% of the applied TGF activity was detected. Whether
this loss of activity is due to specific loss of the TGF protein,
to denaturation of the TGF, or to the separation of the TGF
from an activator is, at this time, not known. Fractions indi-
cated in Fig. 2 were pooled and chromatographed on a ,uBon-
dapak C18 HPLC column using an acetonitrile/0.1% trifluo-
roacetic acid gradient (data not shown). The TGF activity for
both pools eluted from the column as a single peak at an ace-
tonitrile concentration of 35%. Chromatography of this ma-

Biochemistry: Frolik et al.



Proc. Natl. Acad. Sci. USA 80 (1983)

Table 1. Purification of TGF-13 from human placenta
Total Degree Recovery

Protein Specific activity, of puri- of
recovered,* ED50,t activity,* units fication, activity,

Step Procedure mg ng/ml units/fug x 103 fold %

1 Crude extract 239,000 7,600 0.09 21,510 1.0 100
2 Bio-Gel P-30

Pool A 73,900 15,000 0.05 3,695 0.6 17
Pool B 27,720 - - - - -

Pool C 1,900 360 2.0 3,800 22 18 (100)
3 Bio-Gel P-6: Pool B 8,700 410 1.7 14,790 19 69
4 Ion-Exchange

Pool B§ 140 62 11.5 1,610 128 31
Pool C 46.3 85 8.4 390 93 1.8 (10)

5 HPLC-C18
Pool B 0.27 0.10 7,142 1,928 79,000 37
PoolC 0.26 1.2 595 155 6,610 0.7 (4.1)

6 HPLC-CN
Pool B 0.025 0.072 9,920 248 110,000 4.8
Pool C 0.022 0.064 11,160 245 124,000 1.1 (6.4)

* For steps 1-4, total protein was determined by the dye-binding procedure (15). For steps 5 and 6, total protein was based on
amino acid analysis.

t Defined as the concentration (ng/ml) ofTGF-,3 required to give a response of 1 unit in the presence of EGF (1 unit of activity
gives 50% maximal response, -1,000 colonies >3,000 ,um2 per plate).

tDefined as [1 unit/ED50 (total ml per Petri dish)] x 1,000.
§ Twenty-four percent of pool B from step 3 was used for further purification.

terial on a ABondapak CN support equilibrated with n-pro-
panol/0. 1% trifluoroacetic acid yielded a single, peak of TGF
activity at 35% n-propanol that corresponded to a strong ab-
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FIG. 2. Cation-exchange chromatography ofplacental TGF-0. Pool
C from a gel-filtration column (Fig. 1) was applied to a cation-exchange
column equilibrated with 0.05 M-sodium acetate (pH 4.5). TGF was eluted
from the column by using a linear sodium chloride gradient. Fractions
(29 ml) were collected and 50- and 5-,ul aliquots were.removed from the
even-numbered fractions for protein determination (o) and for soft agar
assay (o). Fractions indicated by the horizontal bar were pooled for fur-
ther chromatography. o, Conductivity.

sorbance peak (Fig. 3). The homogeneity of the final prepa-
ration was indicated by a constant amino acid composition (Ta-
ble 2) across the peak as well as by gel electrophoresis (Fig. 3
Inset). The final degree of purification of TGF-f3 from the crude
extract was 110,000- to 124,000-fold with a 1.1% recovery of
activity in pool C and 4.8% in pool B. Placental TGF-f3 at only
64-72 pg/ml gave a half-maximal growth stimulatory response
(ED50) in the presence of EGF at 2 ng/ml.
The purity of the final TGF preparation was also shown by

NaDodSO4/polyacrylamide gradient gel electrophoresis (Fig.
4). In the absence of 2-mercaptoethanol, a single polypeptide
band with an apparent Mr of 23,000-25,000 was observed for
TGF from either pool B or pool C. Reduction of the protein
with 2-mercaptoethanol produced a single band at Mr 13,000.
When the gel was sliced into 0.5-cm strips and the unreduced
protein was eluted into 1 M acetic acid, all the TGF activity was
found in the slice that corresponded to a Mr of 23,000-25,000
(data not shown), indicating that the TGF activity corresponded
to the only detectable protein band.

DISCUSSION
A TGF has been isolated from an acid/ethanol extract of hu-
man placenta. It is classified as a type ,B TGF (4, 5) because it
does not compete with EGF for membrane receptor sites but
requires EGF for the induction of colony growth in soft agar,
with 50% maximal formation of colonies >60-,m diameter oc-
curring at 64-72 pg of TGF/ml (3 pM). The factor has been
purified to homogeneity by gel filtration, cation-exchange chro-
matography, and HPLC. It is a protein of Mr 23,000-25,000
and is composed of two polypeptide chains of Mr 13,000 held
together by disulfide linkages. Whether these chains are iden-
tical or different remains to be determined. Although the pro-
tein contains 16 half-cystine residues, it is not yet known whether
all of these residues are involved in disulfide linkage. However,
the stability of the TGFs to acid treatment and heat denatur-
ation (1, 2, 7, 20) suggests the presence of a large number of
such bonds.
The presence of TGFs in the crude acid/ethanol extract of
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human placenta that were able to compete with EGF for bind-
ing to membrane receptors (TGF-as) has recently been noted
(21). In the present study, a significant amount of TGF-a-like
activity was not detected. Although some soft agar colony form-
ing activity was found in the crude residue in the absence of
EGF, this activity did not compete with EGF in a receptor
binding assay and it was stimulated 150-fold by EGF at 2 ng/

Table 2. Amino acid composition of human placental TGF-/3
Amino acid Residues, no./mol

Aspartic acid
Threonine
Serine
Glutamic acid
Proline
Glycine
Alanine
Half-cystine*
Valine
Methionine*
Isoleucine
Leucine
Tyrosine
Phenylalanine
Histidine
Lysine
Tryptophan
Arginine

24 ± 2
8 ± 1
17 ± 1
25 ± 1
ND

17 ± 4
18 ± 1
16 ± 2
15 ± 2
2 ± 1

11 ± 1
24 ± 2
17 ± 1
8± 1
7 ± 1

19 ± 2
ND

11 ± 1
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FIG. 3. Reversed-phase HPLC
of placental TGF-0 on a gBonda-
pak CN column. The pooled frac-
tions from a C 8HPLC column were

0.5 lyophilized, dissolved in n-pro-
panol/water/trifluoroacetic acid,
30:70:0.1 (pH 2), and applied to a

0.4 E
uBondapak CN column. TGF was

04 eluted from the column with a lin-
o ear gradient of n-propanol (o).
>i Forty-five fractions (2.2 ml) were

0.3 X collected. a, Protein; *, soft agar
: colonies >9,000 pum2; ---, absor-

0.2 : bance at 210 nrm. (Inset) NaDod-
2 S04/15% polyacrylamide gel elec-
° trophoresis of 5-A1I (A) and 50-Ju

0.1 < (B) aliquots of selected column
*.1 < fractions. Fraction 26 represents 13

ng of protein inA and 130 ng in B.
Protein was determined by flu-
orescamine assay with a correction
factor based on amino acid analy-
sis.

ml, indicating that most, if not all, of the TGF present was of
the type : class. Also, as the placental TGF was purified, it
became totally dependent on exogenous EGF for soft agar col-
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FIG. 4. NaDodS04/polyacrylamide gel electrophoresis of placen-
tal TGF-q. Aliquots (120 ng of protein) from the TGF-,8 region of a CN-
HPLC column were dissolved in 40 Al of sample buffer and heated for
3 min at 10000 in the presence (lane 2) or absence (lane 3) of5% 2-mer-
captoethanol. The samples were then applied to a 1.5-mm polyacryl-
amide gradient gel (15-28%) with a 7.5% acrylamide stacking gel. After
electrophoresis, the gel was fixed with 14% formaldehyde and stained
with silver. Mr standards (lane 1) were ovalbumin (43,000), a-chy-
motrypsinogen (25,700), -lactoglobulin (18,400), lysozyme (14,300),
cytochrome c (12,300), bovine trypsin inhibitor (6,200), and insulin A
and B chains (3,000).

Triplicate samples (15 pmol each) were hydrolyzed in constant-boil-
ingHCl/0.1% liquid phenol at 1500C for 2 hr in sealed evacuated tubes.
Values are calculated on the basis of an apparent Mr of 25,000. Results
represent mean ± range. ND, not determined.
* Determined by performic acid oxidation and acid hydrolysis.
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ony-forming activity. Part of this difference may be explained
by the fact that in the earlier communication (21) colonies of 6
cells or more were considered to be significant while in the
present study only colonies containing at least 60 cells were
counted.
A TGF-p at a concentration of 430 ng/g (wet weight) of tis-

sue has recently been purified from human platelets (22). Be-
cause placenta contains much blood, it is possible that the pla-
cental TGF-f3 (10 ng/g of tissue) originated from the platelets.
However, even assuming that the placenta was 100% blood and
that platelets comprised 0.2% of this blood (23), platelet TGF
would account for only 8% of the recovered placental TGF.
Therefore, if the placental TGF-/3 did originate from the plate-
lets, it would have to be concentrated by an, as yet, unknown
mechanism.

Blood platelets also contain the peptide platelet-derived
growth factor (PDGF) (24). However, placental TGF-p is not
PDGF, as shown by the amino acid composition of TGF-P (Ta-
ble 2), which is different from that reported for PDGF (25), and
by the results from two different assays. In the first assay, pla-
cental TGF-p did not have any chemotactic activity when tested
under conditions in which PDGF displayed strong activity (ref.
26; G. Grotendorst, personal communication). Similarly, pla-
cental TGF-/ did not compete with PDGF in a radioreceptor
assay (C. Stiles, personal communication).

Although TGFs were originally found in tumor cells (1, 2, 7,
20) and were postulated to be involved in transformation and
neoplastic cell growth (9), their presence in adult cells and tis-
sues (3, 4), in platelets (22, 27), and in embryos (10) implies that
TGFs have a normal physiological function as well. The puri-
fication of placental TGF-P to homogeneity will facilitate in-
vestigation of this function, because it will permit the devel-
opment of both receptor binding and radioimmunoassays. These
assays will not only allow a specific quick procedure for quan-
titation of TGF-P but will also permit investigation of the
mechanism of action and the control of expression of TGF-f3s
under normal and neoplastic conditions. Finally, structural
analysis of purified TGF-p will provide information for initi-
ation of cloning experiments. This will allow eventual produc-
tion of large quantities of human TGF-P, which might have
useful therapeutic applications in enhancement of wound heal-
ing and tissue repair.
We thank Dorothea Miller and Teresa Tolliver for technical assis-

tance, Charles Stiles and Gary Grotendorst for determining the inter-
action of TGF-13 with PDGF, Mary Kass for help in obtaining placen-
tas, Gary Barbarash for help in modification of the 121MB, and Ruth
Morsillo and Erin Crawford for typing the manuscript.

1. De Larco, J. E. & Todaro, G. J. (1978) Proc. Natl. Acad. Sci. USA
75, 4001-4005.

2. Roberts, A. B., Lamb, L. C., Newton, D. L., Sporn, M. B., De
Larco, J. E. & Todaro, G. J. (1980) Proc. Natl. Acad. Sci. USA 77,
3494-3498.

3. Roberts, A. B., Anzano, M. A., Lamb, L. C., Smith, J. M. & Sporn,
M. B. (1981) Proc. Natl. Acad. Sci. USA 78, 5339-5343.

4. Roberts, A. B., Anzano, M. A., Frolik, C. A. & Sporn, M. B. (1982)
Cold Spring Harbor Conf. Cell Proliferation 9, 319-332.

5. Roberts, A. B., Anzano, M. A., Lamb, L. C., Smith, J. M., Fro-
lik, C. A., Marquardt, H., Todaro, G. J. & Sporn, M. B. (1982)
Nature (London) 295, 417-419.

6. Marquardt, H. & Todaro, G. J. (1982) J. Biol. Chem. 257, 5220-
5225.

7. Moses, H. L., Branum, E. L., Proper, J. A. & Robinson, R. A.
(1981) Cancer Res. 41, 2842-2848.

8. Anzano, M. A., Roberts, A. B., Meyers, C. A., Komoriya, A.,
Lamb, L. C., Smith, J. M. & Sporn, M. B. (1982) Cancer Res. 42,
4776-4778.

9. Sporn, M. B. & Todaro, G. J. (1980) New Engl. J. Med. 303, 878-
880.

10. Twardzik, D. R., Ranchalis, J. E. & Todaro, G. J. (1982) Cancer
Res. 42, 590-593.

11. Sporn, M. B., Roberts, A. B., Shull, J. H., Smith, J. M., Ward,
J. M. & Sodek, J. (1983) Science 219, 1329-1331.

12. Schaeffer, W. I. & Friend, K. (1976) Cancer Lett. 1, 259-262.
13. Laemmli, U. K. (1970) Nature (London) 227, 680-685.
14. Steck, G., Leuthard, P. & Burk, R. R. (1980) Anal. Biochem. 107,

21-24.
15. Bradford, M. M. (1976) Anal. Biochem. 72, 248-254.
16. Udenfriend, S., Stein, S., Bohlen, P., Dairman, W., Leimgru-

ber, W. & Weigele, M. (1972) Science 178, 871-872.
17. Barbarash, G. R. & Quarles, R. H. (1982) Anal Biochem. 119, 177-

184.
18. Westall, F. C. & Hesser, H. (1974) Anal. Biochem. 61, 610-613.
19. Todaro, G. J., De Larco, J. E. & Cohen, S. (1976) Nature (Lon-

don) 264, 26-31.
20. Ozanne, B., Fulton, R. J. & Kaplan, P. L. (1980)J. Cell. Physiol.

105, 163-180.
21. Stromberg, K., Pigott, D. A., Ranchalis, J. E. & Twardzik, D. R.

(1982) Biochem. Biophys. Res. Commun. 106, 354-361.
22. Assoian, R. K., Komoriya, A., Meyers, C. A. & Sporn, M. B. (1983)

J. Biol Chem., in press.
23. Wintrobe, M. M., Lee, G. R., Boggs, D. R., Bithell, T. C.,

Foerster, J., Athens, J. W. & Lukens, J. N. (1981) in Clinical He-
matology (Lea and Febiger, Philadelphia), pp. 355-379.

24. Ross, R., Glomset, J., Karva, B. & Harker, L. (1974) Proc. Natl.
Acad. Sci. USA 71, 1207-1210.

25. Deuel, T. F., Huang, J. S., Proffitt, R. T., Baenziger, J. U., Chang,
D. & Kennedy, B. B. (1981)J. Biol. Chem. 256, 8896-8899.

26. Grotendorst, G. R., Seppa, H. E. J., Kleinman, H. K. & Martin,
G. R. (1981) Proc. Natl. Acad. Sci. USA 78, 3669-3672.

27. Childs, C. B., Proper, J. A., Tucker, R. F. & Moses, H. L. (1982)
Proc. Natl. Acad. Sci. USA 79, 5312-5316.

3680 Biochemistry: Frolik et al.


