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Abstract

Nodular sclerosing Hodgkin's disease is characterized by
dense collagen fibrosis. Although transforming growth factor-
beta (TGF-fl) is an important bifunctional growth factor for
fibroblasts and is stored and released by many cells, it requires
acidification to pH 2.0-3.0 before it becomes a biologically
active growth factor. Weshow here that the L428 Hodgkin's
cell releases a high molecular weight TGF that competes for
the TGF-ft cell membrane receptor but not the TGF-a recep-
tor. This growth factor is most active at physiologic pH and is
97% inactivated by acidification. Hodgkin's TGF is also inac-
tivated by proteases and can be preserved by protease inhibi-
tors. The Hodgkin's TGF can be separated from an autocrine
growth factor using either column chromatography or elec-
troelution from gels and is shown to have a molecular weight of

- 350,000. Incubation of the Hodgkin's TGFin SDSreleases
a 25,000-D protein with reduced biological activity but which
cross-reacts with anti-TGF-ft IgG. We propose that L428
nodular sclerosing Hodgkin's disease fibrosis is mediated by a
potent high molecular weight TGF-,B which, unlike TGF-,8
characterized to date, is secreted in a form most active at phys-
iologic pH.

Introduction

Nodular sclerosing Hodgkin's disease is the most common
pathological subtype of Hodgkin's disease and is characterized
by dense collagen bands which, in addition to benign cellular
proliferation, account for the bulk of the Hodgkin's neoplasm
(1, 2). Attempts to demonstrate malignant properties of the
fibroblasts within the sclerosis have proven futile (3) and have
led to the hypothesis that the fibroblast proliferation is second-
ary to diffusible growth factors secreted by adjacent cells, per-
haps the malignant Reed-Sternberg cells (3, 4).

Wehave previously shown that short-term, partially puri-
fied Reed-Sternberg cell cultures secrete a potent growth factor
for fibroblasts into the serum-free medium (3), that the growth
factor is secreted in an active form at physiologic pH, that the
growth factor does not have the biological properties of IL 1
(4), and that it produces transformation-like growth of fibro-
blasts in monolayer and soft agar (3, 4). To determine the
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identity of the growth factor we have studied a cell culture,
L-428, established from the pleural effusion of a womanwith
refractory stage IV B nodular sclerosing Hodgkin's disease (5,
6). L-428 Hodgkin's cells resemble fresh uncultured Hodgkin's
cells in most aspects studied including surface antigen pheno-
type, morphology, cytochemistry, and gene rearrangement
(5-8). Therefore, we propose that observations made of L-428
Hodgkin's cells in vitro may be useful in understanding the
pathophysiology of nodular sclerosing Hodgkin's disease.

The transforming growth factor (TGF)' produced by
L-428 cells is characterized in this report. This growth factor,
although binding to the TGF-f receptor and sharing many
biological features of TGF-f3, is unlike TGF-f because it is
secreted in an active high molecular weight form. This obser-
vation is important, not only because of its relevance to nodu-
lar sclerosing Hodgkin's disease, but because it demonstrates
that TGF-,3 can be secreted in a form that is active at physio-
logic pH and is more potent than the tissue extracts and cell
products reported to date (9-20). As well as being an impor-
tant growth factor in Hodgkin's disease, it is suggested that this
form of TGF-f should be investigated as a possible mediator of
benign cell growth in conditions other than Hodgkin's disease.

Methods

Growth factors
Receptor-grade epidermal growth factor (EGF) and '25I-EGF were
from Collaborative Research, Inc., Lexington, MA. TGF-,B1 was from
R & D Systems, Inc. (Minneapolis, MN). This porcine platelet TGF-,3
preparation has been demonstrated to be homogeneous by analysis on
SDS-polyacrylamide gels and identical to human TGF-,B in bioassay,
receptor binding, and amino acid sequence (9). '25I-TGF-f3 was a kind
gift from the Laboratory of Chemoprevention, National Institutes of
Health (Dr. Michael B. Sporn, Chief).

Hodgkin's cells
L-428 nodular sclerosing Hodgkin's cells were maintained in T-150
flasks or roller bottles (850 cm2) in Iscove's medium supplemented
with 5 Ag/ml insulin, 5 ,ug/ml transferrin, 5 ng/ml selenium, 2 mM
L-glutamine, 1% penicillin-streptomycin, and 4% FCS. All cultures
were in double-jacketed incubators with 7.5% CO2 and maximum
humidity. Cells were fed twice weekly and maintained at a concentra-
tion of 1-5 X 106 cells/ml. The doubling time was 48-72 h. EBV
nuclear antigen was excluded by staining. Mycoplasma was excluded
using Hoechst staining, cultures of spent media, and transmission
electron microscopy. Positive staining of L-428 cells for HLA-DR,
Ki- 1, Leu M- 1, and T-9 was demonstrated by immunoperoxidase (21,
22). Cytogenetics confirmed the cells were of human female origin.
Frozen samples of the cells were maintained in 8% dimethylsulfoxide
in fetal calf serum at -1 960C. Viabilities of thawed cells were routinely
> 80% by trypan blue dye exclusion.

1. Abbreviations used in this paper: TGF, transforming growth factor.
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Preparation of serum-free conditioned medium (CM) from
L-428 cells
L-428 Hodgkin's cells were seeded into roller bottles in 200 ml of
supplemented Iscove's medium at a concentration of 1 X 1O' cells/ml.
For serum-free incubation, the cells were washed two times and eluted
two times (30 min and 18 h) to allow elution of all bound proteins. The
elution washes were discarded. A 72-h incubation in 250 ml of serum-
free Iscove's medium (1 X 106 cells/ml) was used to collect the secreted
Hodgkin's TGF. The CMwas removed, clarified by centrifugation at
1,200 g for 20 min, and filtered through a 0.2-nm filter. Portions of the
CMwere concentrated 50-100 times (500 ng protein/ml) using a stir
cell (Amicon Corp., Danvers, MA) with a 1,000-D cut-off (YM2).
Serum-free CMwas dialyzed against Iscove's medium before being
tested for biological activity.

Test cells
Test cell lines included clone 49F normal rat kidney (NRK) cells (a
kind gift from Dr. George Todaro, Oncogene, Seattle, WA), AKR-2B
cells (a kind gift from Dr. Harold Moses, Vanderbilt University, Nash-
ville, TN), NIH 3T3 cells, human skin fibroblasts, human embryonic
pulmonary fibroblasts, human thymocytes, and mink lung epithelial
cells (CCL 64). All cell types were routinely cultured in Iscove's me-
dium supplemented with 10% calf serum, 2 mML-glutamine, 50 ,g
gentamicin/ml, and 2.5 pg fungizone/ml. Cell stocks were passaged
every 7-10 d and maintained in 7.5% CO2 incubators at 370C. Fibro-
blasts were used for bioassay in passages one to six and then discarded.
Early passage cells were cryopreserved in 8% DMSOin FCS at
- 196°C. Thawed viabilities were routinely > 80% by trypan blue ex-
clusion. Thymocytes were primary explants and epithelial cells were
maintained in continuous culture.

Cell growth measurements
Monolayer fibroblast growth experiments were performed as pre-
viously described (3, 4). All cell counts were performed in triplicate by
obtaining a single cell suspension in trypsin (0.25%) and counting in an
electronic cell counter (Coulter Electronics, Hialeah, FL). Sample
35-mm dishes were fixed in formalin (10%) and stained with methyl-
ene blue for correlation. To measure DNAsynthesis, NRKcells, L-428
cells, human thymocytes, or epithelial cells were prepared as a single
cell suspension and studied as previously described (4). Cells were
cultured for 24 h (NRK, L-428, and epithelial cells), or 72 h (thymo-
cytes) in flat-bottomed microtiter dishes in the presence of control
media or Hodgkin's TGF. [3H]Thymidine (0.5 ,Ci, New England
Nuclear) was added for 16 h and the cells were collected on glass filters,
dried, and counted in a scintillation counter.

TGF-fl assays
(a) Fibroblast colonies in soft agar. Crude or purified Hodgkin's TGF
was measured for TGF-,B activity at three or more dilutions. The
bioassay for TGF-/3 depends upon the ability of TGF-,B to induce
anchorage-independent growth of AKR-2B fibroblasts or NRKfibro-
blasts in soft agar. The agar assay was performed as previously de-
scribed (3, 4) and a response curve constructed with each experiment
using 10-12 dilutions of known concentrations of highly purified
platelet TGF-f3. This assay detects and quantitates TGF-, in picomolar
concentrations. A single cell suspension was documented after plating
and colonies were counted after 14 d of incubation using an inverted
microscope with phase optics.

(b) Radioreceptor assay. A competitive binding assay that uses
AKR-2B TGF-,B cell membrane receptors was performed using 12511
TGF-,B. As measured in our laboratory, each AKR-2B cell has

- 13,000 receptors for TGF-fl. These receptors appear to be of two
classes, by analysis with '25I-TGF-(3 binding. 4,500 receptors/cell have
a Kd of 1.5 pMand 8,500 receptors/cell have a Kd of 13.6 pM. To test
Hodgkin's TGF for TGF-f# receptor binding, AKR-2B cells (5
X 1 05/35-mm dish) were incubated for 2 h in known concentrations of
TGF-13 and in dilutions of high molecular weight Hodgkin's TGF at
250C in 5% CO2. After being washed twice, the cells were incubated

with '251-TGF-3 for 2 h. After incubation the cells were washed four
times with cold Hank's salt solution containing 0.1% BSA. The cells
were solubilized with 0.6 ml Triton solution (20 mMHepes, 2%Triton
X-100, 10%glycerol, 0.0 1%BSA, pH 7.4) by a 5-10-min incubation at
room temperature and were counted using a gammacounter.

(c) Inhibition of epithelial cell DNA synthesis. CCL-64 cells are
potently inhibited by TGF-,3 in picomolar concentrations (18). DNA
synthesis by CCL-64 cells in control medium was compared to DNA
synthesis in 8-10 concentrations of TGF-,3 or 3-5 concentrations of
Hodgkin's TGF.

Biochemical characterization
(a) pH sensitivity of Hodgkin's TGF. Purified Hodgkin's TGF was
rapidly exchanged into 1 Macetic acid (pH = 2.0) using either a stir cell
with a YM2filter or a Sephadex G25 column (Pharmacia Fine Chemi-
cals, Piscataway, NJ). Aliquots were then reequilibrated in Iscove's
medium (pH = 7.4) at 15, 30, 60, and 120 min for TGF-,B measure-
ment.

(b) Preservation of Hodgkin's TGFusing protease inhibitors. Fresh
CMfrom L-428 cells (serum-free) was prepared using protease inhibi-
tors (5.3 mg%PMSFand 0.3 mg%pepstatin A) that were added at 1, 6,
and 24 h. After addition of the inhibitors, the CMwas dialyzed against
serum-free Iscove's medium and tested for TGF-,B activity. This ex-
periment assessed the potential role of endogenous proteases in the
activation of Hodgkin's TGF.

(c) PAGE. Using a modification of the Laemmli method (23)
Hodgkin's TGFwas electrophoresed into 4-30% gels. Biological activ-
ity was tested by slicing the gels horizontally and removing the growth
factor by electroelution. Molecular weight determination of purified
specimens from column chromatography and ion exchange was made
using 1% SDS. Gels were fixed in methanol and stained with either
Coomassie brilliant blue or silver. Western blotting was performed
using nitrocellulose paper and an 18-h transfer at 60 V. A polyclonal
affinity-purified rabbit IgG anti-TGF-,B was used to bind Hodgkin's
TGF-fl (R & D Systems, Inc., Minneapolis, MN). Staining of bound
antibody was performed using a biotinylated anti-rabbit affinity-puri-
fied antibody and alkaline phosphate-conjugated avidin.

(d) Column chromatography. Molecular sizing was performed
using a 1.6 X 100 cm column packed with a cross-linked agarose gel
(Sepharose-CL6B). The linear fractionation range is 1,500-650,000 D.
The column was equilibrated in a Tris-saline buffer (100 mMTris, 200
mMNaCl, 2 mMEDTA, pH 8.0). A selectivity curve was constructed
using standard compounds of known molecular mass (thyroglobulin
670 kD, gammaglobulin 160 kD, ovalbumin 44 kD, myoglobin 17
kD, cyanocobalamin 1.35 kD). The protein concentration of each
column fraction was estimated using an ultraviolet spectrophotometer
(OD280). Ion exchange was performed using 1 X 10 cm columns
packed with either carboxymethyl (CM)-agarose or DEAE-agarose.
Elution was performed using a KC1 gradient (0-0.6 M) in a 50-mM
imidazole buffer, pH 7.0. The column was regenerated using 250 mM
imidazole.

Northern blots. Total RNAwas isolated from L-428 Hodgkin's cells
or control cells using a guanidine thiocyanate method. The purified
total RNAwas electrophoresed into agarose-formaldehyde gels and
transferred to nylon membranes. The size-fractionated RNAwas
probed using a 32P-labeled Eco RI insert from Xj3CI that recognized a
mRNAof 2.5 kb (a kind gift from Dr. Ric Derynck, Genentech, So.
San Francisco, CA [241).

Results

TGFactivity
Maximum NRKcolony formation in soft agar with 5 ng/ml
EGFwas potentiated with Hodgkin's TGF indicating TGF-,B
activity. A quantitative AKR-2B bioassay indicated produc-
tion of concentrated aliquots of Hodgkin's TGF containing
40-100 pM TGF-f3 activity. Purification by chromatography
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Figure 1. High molecular weight Hodgkin's TGFwas purified using column chromatography followed by electroelution from gel slices. Biologi-
cal activity of (A) Hodgkin's TGFwas compared with TGF-f I from (-) platelets and is shown to have similar biological activities: (A) AKR-2B
colony formation in soft agar, (B) inhibition of epithelial cell DNAsynthesis, and (C) competition for the TGF-f cell membrane receptor.

and electroelution from gels at physiologic pH indicated all
activity could be found in the high molecular weight fractions.
A titration curve of purified Hodgkin's TGFis compared with
platelet TGF-fl in Fig. A.

Epithelial cell DNAsynthesis inhibition
Almost complete inhibition of epithelial cell DNAsynthesis
could be obtained with picomolar concentrations of platelet
TGF-(3 1 or high molecular weight Hodgkin's TGF. The titra-
tion curves of purified Hodgkin's TGF and platelet TGF-3
were parallel and overlapping (see Fig. 1 B).

Receptor binding
The receptor binding assays indicated specific competition of
Hodgkin's TGF for the AKR-2B cell TGF-,3 receptor. Using
this assay, each L-428 Hodgkin's cell was estimated to produce
I fM TGF-fl/d. A titration curve of purified high molecular
weight Hodgkin's TGF receptor binding could be approxi-
mated to the binding curve obtained with platelet TGF-f (see
Fig. 1 C). There was no evidence of competition for the TGF-a
(EGF) receptor.

Northern blots
L-428 Hodgkin's cells, when shown to produce TGF-f3 activ-
ity, were examined to determine if they expressed mRNAfor
TGF-f,. Fig. 2 demonstrates expression of TGF-,B mRNAin
L-428 Hodgkin's cells and compares the amount of expression
with that obtained from three control lymphoid cell lines.

Fibroblast growth-measurements in monolayer culture
Fig. 3 compares the results of cell growth experiments using
human embryonic fibroblasts, NRKfibroblasts, and 3T3 cells
in control media and CMfrom L-428 Hodgkin's cells. There

was significant potentiation of human fibroblast and 3T3 cell
growth by the Hodgkin's TGF but inhibition of NRKcells.
Human skin fibroblasts were also stimulated to divide by
Hodgkin's TGF and, at confluence, achieved 1 doubling
greater than control medium. These findings are identical to
those observed with TGFfrom fresh Hodgkin's cells (3, 4).

Effect of Hodgkin's TGFon NRKDNAsynthesis
To confirm the paradoxical inhibition of NRKcells in mono-

layer culture but stimulation of colony formation in soft agar

TGF-P3 mRNAIN LYMPHOMACELL LINES

co I
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Arrows indicate fragment size
of marker run concurrently

Figure 2. Demonstration of mRNAfor TGF-,3 in the L-428 Hodg-
kin's cell. Control cells, Mac- 1, a cutaneous T-cell lymphoma
(CTCL), and MOLT-4, also have significant mRNAfor TGF-,B.
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Table IL Effect of Protease and Heat on L-428 TGF

Condition Activity*

Untreated 100
Trypsin (0.25% for 5 min) 0
60'C (for 30 min) 100
1000C (for 5smin) 2

* Activity was measured using the NRKcolony assay.

Days

Figure 3. Monolayer cell proliferation of embryo fibroblasts in re-
sponse to Hodgkin's TGF. Each value is the mean of triplicate
dishes. The standard error of measurement is < 10% of the mean for
each value.

we compared the effect of control medium and L-428 CMon
DNA synthesis with the NRK cells at rest in a monolayer
(serum free). There was a reduction of DNAsynthesis to 15%
of the resting serum-free level after 24 h of exposure to Hodg-
kin's TGF. The data are presented in Table I.

Biochemical characterization
Hodgkin's TGF was secreted from the L-428 cells in a fully
active form. Essentially all manipulations reduced the activity
except repeated freeze-thawing and mild heating (60'C X 30
min). No manipulation enhanced the activity. Boiling reduced
the activity 98% and trypsinization destroyed the Hodgkin's
TGFcompletely (see Table II).

(a) pH sensitivity of Hodgkin's TGF. Because of the re-
ported requirement for acidification to activate TGF-f3 and the
use of 1 Macetic acid in the purification schemes for TGF-j3
(9, 11-20, 25), we evaluated the effect of transient and sus-
tained acidification on Hodgkin's TGFactivity. An example is
demonstrated in Table III. Within 30 min, the activity has
been reduced to 2-3%, at which time it becomes stable.

(b) Preservation of Hodgkin's TGFusing protease inhibi-
tors. Because Hodgkin's TGF is secreted in an active form at
physiologic pH we hypothesized that endogenous proteases
might be cleaving a large molecule and releasing the active
TGF-1B fragment. To test this proposal, we examined both the
action of an exogenous protease (trypsin) as well as the inhibi-
tion of endogenous proteases to determine the role of proteases
in the activation of Hodgkin's TGF. Wefound that proteases
are not responsible for the activation of Hodgkin's TGFand
destroy its activity over time (see Tables II and IV).

Table I. Inhibition of Adherence-dependent NRKDNASynthesis
by Hodgkin's TGF

Condition Thymidine incorporation

cpm

Serum-free medium 1,899±117
1%FCS 2,103±895
Hodgkin's TGF 285±85

NRKcells were brought into rest by culture in serum-free medium
for 24 h before adding the growth factors to test dishes.

(c) PAGE. Hodgkin's TGFsubmitted to PAGEin physio-
logic conditions allowed elution of two bands of biological
activity from slices at 300 and 350 kD (Fig. 4 A) but after
exposure to SDS (1%) the high molecular weight bands were
no longer visible even with silver staining. A prominent band
at 25,000 D was noted that was comparable to an identical
band of TGF-j3 obtained from purified platelets (Fig. 5 A).
Testing of eluates from slices of the entire SDS-gel indicated
that TGF-fi activity could be found only in the 25,000-D slice
(Fig. 5 B).

(d) Western blotting. Transfer of native and SDS-treated
Hodgkin's TGF to nitrocellulose confirmed the cross-reactiv-
ity of high molecular weight Hodgkin's TGFwith anti-TGF-3
antibody. After dissociation in SDS, a 25,000-D molecule was
present, which electrophoresed in parallel with TGF-fll from
platelets. This 25,000-D molecule also cross-reacted with anti-
TGF-,B (Fig. 4 B).

(e) Ion exchange chromatography. Ion exchange demon-
strated binding of Hodgkin's TGF to DEAE-agarose and not
to CM-agarose, indicating that the Hodgkin's TGF is a weak
acid at physiologic pH. The peak Hodgkin's TGFactivity was
eluted at 20 mSof electroconductivity.

Discussion

The biological activity of Hodgkin's TGFhas been previously
reported in the serum-free CMof short-term cultures of par-
tially purified Reed-Sternberg and mononuclear Hodgkin's
cells from nodular sclerosis (3, 4). We studied the L-428
Hodgkin's cell line to determine if L-428 cells produced simi-
lar biological activity and to characterize the nature of
this TGF.

Wereport here that L-428 cells express mRNAfor TGF-f3
and secrete large amounts of a potent growth factor for fibro-

Table III. Acidification of L-428 Hodgkin's TGF

Condition Activity

pM %

Untreated 1,800 100
Time of incubation in 1 Macetic acid

15min 100 5.6
30min 40 2.2
60 min 50 2.8
120 min 54 3

* AKR-2B bioassay for TGF-f3.
1918 S. R. Newcom, M. E. Kadin, A. A. Ansari, and V. Diehl
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Table IV. Inhibition of Endogenous Proteases Protects
Hodgkin's TGF

Condition Activity

pM %

Time until proteases were inhibited*
I h 20 100
6h 17 85
24h 13 65

No inhibitors (measured at 48 h) 4 20

* 53 mg/liter PMSFand 3 mg/liter pepstatin A.

blasts. This growth factor is bifunctional because it induces the
growth of human diploid and embryonic fibroblasts but, under
identical conditions, inhibits NRKfibroblasts and bronchial
epithelial cells in monolayer. However, these same NRKfibro-
blasts form colonies in soft agar when stimulated by Hodgkin's
TGF. These results are identical to the bifunctional activity
reported for TGF-3 ((17, 18, 25).

Additional evidence that Hodgkin's TGF contains the
TGF-g molecule comes from our observation that AKR-2B
cells, which form few or no colonies in response to highly
purified EGFor TGF-a (12, 13), form colonies in response to
either Hodgkin's TGFor TGF-43.

To further compare Hodgkin's TGFwith TGF-3, we mea-
sured the binding of Hodgkin's TGFto the saturable, high-af-
finity TGF-# receptors of the AKR-2B cells and demonstrated
specific binding by Hodgkin's TGF to this receptor, as mea-
sured by competition for the receptor with '251I-TGF-f3. We

B
3 4

Figure 4. (A) Hodgkin's
TGFwas prepared
using sizing chromatog-
raphy and DEAE-aga-
rose ion exchange. Gel
electrophoresis at physi-
ologic pH yielded two
bands. Identical un-
stained gels sliced hori-
zontally demonstrated
TGF-( activity in the
slices corresponding to
the two stained bands
(- 300 and 350 kD).
Neither band contained
activity in the autocrine
or thymocyte DNAsyn-

-HoMd9n's thesis assays (Coomas-
sie brilliant blue). (B)
Western blotting of
Hodgkin's TGF: lane 1,
TGF-f31; lane 2, Hodg-
kin's TGF in 1% SDS;
lane 3, Hodgkin's TGF
at physiologic pH from
sizing fraction; lane 4,
Hodgkin's TGFfrom
DEAE-ion exchange
fraction at physiologic
pH.

A1 2

BSA-

TGF-fi

B

35

.* 30

° 25

° 20

15

. 1 0

t-32
IHTGF

MR(X10-3)
94 67 43 30 20 14

0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 7.2 8.0
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Figure 5. (A) SDS-PAGEof purified Hodgkin's TGFdemonstrating
25,000-D Hodgkin's TGF(lane 2) corresponding to a similar band
(lane 1) containing TGF-,B purified from platelet alpha granules (B)
8-mm gel slices from SDS-PAGEof Hodgkin's TGFwere electroelu-
ted and the eluates were tested for AKR-2B colony forming activity.
Activity corresponds to the 25,000-D slice.

have also shown that Hodgkin's TGFdoes not compete for the
TGF-a (EGF) receptors on the membrane of human diploid
fibroblasts.

In contrast to the ubiquitous 25,000-D TGF-f extracted by
acid-ethanol from many sources (9, 11-20, 25), we found that
the Hodgkin's TGFis secreted as a potent active form at physi-
ologic pH and is almost, but not completely, destroyed by
acidification (97%). In addition, there was no evidence that
Hodgkin's TGF requires activation by proteases. Hodgkin's
TGF is destroyed by exposure to an exogenous protease (tryp-
sin) and is protected by inhibition of endogenous proteases. (A
comparison of the properties of Hodgkin's TGFand TGF-,B is
presented in Table V.)

Partial purification of Hodgkin's TGF supports the con-
cept that Hodgkin's TGF contains the TGF-j molecule, not
only because of specific receptor binding, but because a promi-
nent 25,000-D band, identical to purified TGF-fl, appeared
after exposure of Hodgkin's TGF to SDS. This band cross-
reacted with anti-TGF-f, antibody and was eluted from the gel
and shown to have TGF-3 biological activity.

The physiologic role of TGF-3 is unclear. Although exten-
sive work has been performed and many in vitro (I 1-20, 25)
and some in vivo experiments (26, 27) indicate the possibility
of important functions of TGF-0, the observation that a pH of
2 or less is required to obtain an active growth factor makes it
unlikely that TGF-,B (25,000-D form) is important in physio-
logic cellular interactions. The purified material (25,000 D)
has been demonstrated to have activity for most cells (usually
inhibitory) and most cells appear to have specific high affinity
receptors for the TGF-, molecule (28-30). These same recep-
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Table V. Comparison of Hodgkin's TGFand TGF-#t
Feature Hodgkin's TGF TGF-ft

Physiologic pH Most active Requires acidification
Acidification Reduces activity 97% Activates growth factor
Biological actions Bifunctional Bifunctional
Receptor TGF-ft TGF-#
Native molecular 350 kD 25 kD

weight
SDSmolecular 25 kD 25 kD

weight
Anti-TGF-,B Cross-reacts Cross-reacts
Competition for None None

EGFreceptor
Ion exchange DEAE- (acidic) CM- (basic)
Effect of proteases Destroys activity Destroys activity
Effect of boiling Reduces activity 98% Stable

tors also bind the high molecular weight Hodgkin's TGF. It
has been proposed that acidification of an inactive pro-TGF-,3
may take place in the lysosome in vivo, but proof of this pro-
posal is lacking and the sensitivity of TGF-3 to some proteases
makes the proposal difficult to defend.

Wepropose that nodular sclerosing Hodgkin's disease is an
example of a malignancy in which neoplastic cells contin-
uously secrete a previously undescribed form of TGF-f3 that is
active at physiologic pH and destroyed by proteases. Others
have reported that the MCF-7 breast cancer cell line (31) and
certain rat liver tumor cells (32) produce TGF-13 active at phys-
iologic pH, although these growth factors have not been fur-
ther characterized. Hodgkin's TGF may consist of TGF-,3
molecules transported as a complex (molecular weight = 350
kD) made up of four or five TGF-j3 molecules or the complex
may contain a carrier substance which potentiates the action
of TGF-,3 stoichiometrically. Acidification and boiling destroy
the complex or important carrier, leaving a less potent acid-
stable 25,000-D growth factor that has been characterized as
TGF-fl.

Although speculative, it appears likely to us that in benign
inflammatory reactions and wound healing, fibroblast prolifer-
ation is partially mediated by a molecular form of TGF-j3
similar to Hodgkin's TGF rather than the acid-stable low mo-
lecular weight form characterized to date (9, 11-20, 25, 26).
The secretion of a physiologically active high molecular weight
form of TGF-fl might be a transient feature of nonmalignant
cells that may account for the failure to identify the complete
growth factor previously.
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