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Abstract

In a previous studyr wê have shown that the human

pituitary gland contains, and may secrete, a novel mitogen

for chondrocyte proliferation. Chondrocyte growth factor
(CGF) is heat and trypsin sensitive, acid labile, and has a

MW of rv 40,000 and an isoelectric point of N 7 "9 " To purify
CGF to homogeneity, the purification has been extended to

include the following steps. In the initial sLep, the side

fraction generated during the purification of hGH was

chromatographed on Sephadex G-100" Those fractions which

stimulated rabbit fetal chondrocytes in tissue culture were

pooled and pur i f ied fur ther on hydroxylapatite
chromatography, DEAE Affi-GeI Blue affinity chromatography

and chromatofocusing to yield a 24t000-fold purification of

CGF. CGF stimulated cell proliferation in a dose-dependent

manner down to t ng/ml with a half maximal effect of 4.5

ng/mL. Further studies of the biological effects of CGF have

shown that CGF is not only mitogenic for rabbit fetal
chondrocytes but also stimulates the growth of primary

cultures of adult rabbit ear and patellar chondrocytes as

well as chondrocytes obtained from the articular surface of

the human patella. To determine if CGF was synthesized and

secreted from the pituitary, primary human pituitary cell
cultures and organ cultures were established from pituitary

fragments obtained from patients with acromeqaly,

prolactinomas, and non-functional adenomas. The conditioned
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culture medium contained a mitogenic factor that stimulated

rabbit fetal chondrocyte proliferation' causing up to an

B-fold increase in cell number when added to Hamrs Fl0

medium in the presence of I0t fetal bovine serum. The

conditioned medium stimulated chondrocyte proliferation in a

dose-dependent manner down to 250 ng/mL protein, indicating

that the material being secreted hras very potent indeed.

Blood leaking into the surgical field after the adenomectomy

is known to contain very high concentrations of pituitary

hormones. Serum samples, obtained from the venous ooze

collected at. the site of surgery, were also found to contain

CGF. This growth factor may not only be secreted by the

tumor samples, but may also be secreted by normal human

pituitary tissue. Preliminary results indicate that daily
subcutaneous injections of CGF enhances the growth of the

Swarm chondrosarcoma transplanted into Sprague Daw1ey rats.
These results suggest that the human pituitary gland

contains a novel factor or hormone in addition to growth

hormone which may play an important role in cartilage growth

and development.
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I. Control of Growth and Differentiation
A. Growth Hormone

The existence of a pituitary hormone which regulates
growth has been known for some time. The association of the
pit.uitary gland with the process of growth was first made by

Pierre Marie ( 1886 ) who noticed the armost invariable
presence of a pituitary tumor in acromegaly and considered
that a fairure of function of the pituitary was etiorogic in
the disorder ( r ) . since the anaboric nature of growth
hormone was most dramatically exhibited by the giant and the
acromegaric individual-, most of the earry experimentar work

attempted to correrate these disease processes with the
removar of the pituitary. cushing and Aschner reported that
partial hypophysectomy was beneficiar to acromegarics,
resulting in a cessation of growth (21 . soon thereafter n

total hypophysectomy on dogs was performed and a cessation
of growth was observed. Thus the concept that the pituitary
secreted a "hormone of growth" gained acceptance and it. r4ras

noted that lack of growth hormone was responsibte for
dwarfism and that excess of growth hormone early in life
produced gigantism and rate in life resulted in acromegaly
(3).

Evans and Long ( 4 ) demonstrated that arkar_ine pituitary
extracts produced gigantism in rats and shortry thereafter
purification of growth hormone (GH) by Li and associates
/E al ,-,^11 i.t:aL^î-!\Jr-ù,' cis werr as wlrnermi, !'lSnman, and Russelr(7) permitted

the extensive study of the physiorogical effects of this
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hormone. Besides producing gigantism in experimentar

animals, other propertíes attributed to GH were nitrogen
retention, bone growth, mobilization of fat depots, and

increased fat oxidation ( 3 ) . Repeated attempts to
demonstrate a physiologicar effect of GH in man were

disappointingly negative. The inactivity of cH was

attributed to the impure nature of the preparation. perhaps

the presence of. catabolic contaminants or toxic substances

were responsible for the poor response" New insight into
this perprexing probrem was provided by wilhermi who

reported growth hormone preparatíons purified from fish
pituitary glands were inactive in the rat whereas bovine and

fish GH were capabre of producing growth in fish. similarry
Knobir and Greep (3) demonstrated that hypophysectomized

monkeys responded to preparations of monkey GH whereas

consistently negative resurts were obtained with bovine or
porcine GH. Thus the concept of species specificÍty of
hormone action came to be recognized. Now it was only a

short step to demonstrate t.he effectiveness of monkey and

human GH in man (8) and fu1I scale purification efforts were

underway to supply human GH for clinical treatment of
pituitary dwarfism (9rr0). Another randmark in the history
of GH research was the development of the radioimmunoassay
(RrA) which made it possibte to measure GH levers. As much

as 10t of the dry weight of the pituitary (B m9) was due to
GH (11)" Among the recent advanees in research on GH have

been; i ) the identification of several classes of hGH
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variants by Lewis et al. (I2) n ii ) the discovery and

isolation of somatostatin (13), iii) sequencing the

structure of the GH gene (14), and iv) the integration and

expression of the rat GH gene in transgenic mice (I5) to

mention only a few.

Growth hormone stimulates linear growth in vivo by its
action on the epiphyseal plate cartilage. EarIier,
experiments had shown t.hat the administration of growth

hormone to hypophysectomized rats led to an increase of

chondroitin sulfate in cartilage as measured by the uptake

of <35S> sulfate. When SaImon and Daughaday (16) adopted

this procedure to examine GH effects on cartilag e in vitro

they made their classic observation that the incorporation

of'UtOn into cartilage explants was not increased by the

addition of GH itself. Instead they found that the label was

incorporated into nasal, xiphoid, and costal cartilages only

in the presence of normal serum or in serum obtained from

hypophysectomized rats treated with GH. Serum from untreated

hypox rats failed to stimulate sulfate incorporation. Since

growth hormone itself appeared to be ineffective in this
assay system, it was postulated that a "sulfation factor"
either derived from GH or induced by GH in vivo was the

mediator for skeletal growth. These experiments ultimately
led to the discovery of the somatomedin family of growth

factors.
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B. Somatomedins

Since the initial discovery by Salmon and Daughaday

( l6 ) , "the sulfation factor" was also found to have

biological activities other than stimulation of 'UtOn
incorporation into cartilage explants. These activities
included the incorporation of <3tt> thymidine into cartilage
DNA, the stimulation of amino acid transport and protein

synthesis ín muscle, stimul-ation of collagen synthesis in

cartilage and insulin-Iike activity which was not suppressed

by anti-insulin sera. Somatomedin A and C, IGF-I, IGF-II and

MSA have the following biological activities in common; (i)

stimulation of 'UtOn incorporation into cartilage; ( i i )

stimulation of DNA synthesis in chick embryo fibroblasts and

in cartilage from hypophysectomized rats; (iii) competition

with insulin for receptor sites in extraskeletal tissues
( eg. placental membranes, adipose tissue ) ; ( iv ) their

concentration in serum is growth hormone dependent (with the

exception of IGF-II and MSA), and (v) they bind to a high

molecular weight carrier protein in plasma (t7-2L) " The term

"somatomedin' was introduced as a generic designation for
this family of ínsulin-like peptides (22 | Table f ) .

I. Somatomedin A , and A^L-Z

Somatomedin AI(SM-A'), a neutral peptide of MW 7,000,

was initially isolated as a sulfation factor using "ton
incorporation into pelvic- rudiments of chick embryos "

Somatomedin AZ has similar biological activity but a

different amino acid composition. Both SM-AI and SM-42 have
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Table 1. Somatomedin peptides.

Peptide Source

SM A
1

Human plasma

SM A
2

Human plasma

SM c Human plasma

IGF I Human plasma

IGF II Human plasma

MSA Calf serum
ccnditioned medium
from BRL cell-s

Ml{ pI

7,000 Neutral

7r000 Neutral

8,300 Basic

7 ,649 Basic

7 ,47r Neutral

C-glucose uptake into
rat epididymal fat tissue
14c-gj-u..o=. uptake into
rat epididymal fat tissue
3u-thy*idine uptake into
embryonic chick fibroblasts

35so.
chicÊ

Original bioassay Serum concentration

uptake into embryonic
cartilage

35

up

14

?o¿taKe
and.
into

3,,
fl -thymidine
rat cartilage

L6,250
8,700
7,100

L2,600

Neutral

153 + 47 ng/m)

827 + 43 ng/m7

50 ng/mL
(in rat)+

o

Based. on references 23 through 55 and 127.
+'4 species of MSA with MlrI 8,700.
o^-2 species of MSA with M!\l 71100.

Ltl
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60-63 amino acid residues. Each contains only a single

cysteine. This finding is different from the other

somatomedins which contain at least one disulfide bond

(23-25) .

2. Somatomedin C

Somatomedin C (SM-C) was initially detected in a

bioassay measuring 'Uton and <3H> thymidine uptake in costal

cartilage segments from hypox rats. After isoelectric
focusirg, somatomedin activity was separated into two

components; one having a pI of 6 .3-8 .0 and the second

component having a pI of 8.2-8"8" The more basic somatomedin

was recognized by a specific RIA for SM-C. This peptide of

MW 71000 could not be converted into the neutral peptide,

indicating that it was a separate entity. The neutral
peptide was more Ínsulin-like as determined by an insulÍn
receptor assay (23 t26) .

3. Insulin-like Growth Factors I and II ( IGF-I and IGF-II )

Froesch et al. (27) designated the portion of serum

insulin-Iike activity that could not be neutralized by

anti-insulin serum from guinea pigs as non-suppressible

insulin-Iike activity. They found that a small fraction of

the insulin-like activity could be separated from the

remaining activity in human plasma by cold acid ethanol

extraction (NSILA-s). This soluble material consisted of a
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single polypeptide chain of 7,500 dartons containing one or

more disulfide bridges.

Further characterization revealed that NSrLA-s was

composed of two peptides, rGF-r and rGF-rr, which were both

structurally rerated to insulin. Rinderknecht and Humbel

(2.8,29) have reported the complete amino acid sequence of
human rGF-r and rr. rGF-r is a single polypeptide chain of
70 amino acid residues cross-linked by three disulfide bonds

and has a calculated molecurar weight of 7649" The primary

structure of rGF-rr is similar to rGF-r, having 67 amino

acids and a morecular weight of 747L" Approximately 622 of
the amino acid composition is ident-icar in the A-chain and

B-chain regions and the three disulfide bonds are placed in
the same position in rGF-r and rr as in insurin. rn contrast
to insulin, the c-region is maintained (rz aa in rGF-r, g aa

in rGF-rr) and there is an extension of the A-chain which

has been called the D-region ( B aa in IGF-I, 6 aa in IGF-

II). The C-region of IGF-I and IGF-II also lack the Arg-Arg

and Lys-Arg typical of the 2 ends of the proinsulin
connecting peptide which is released during the creavage of
proinsulin to insulin.

The actions of IGF-I and II include cartilage-
stimulaLing activity, insulin-rike activity and mitogenic

activity common to the somatomedins. zapf et al" (20r30)

have reported that there are two major somatomedin binding
proteins in serum, one with I*4w 200,000 and a smaller protein
with Mw 50,000. rt is possible that more than gg8 of rcF is
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bound to these proteins in the circuration, most being bound

to the larger binding protein. rn the presence of rGF

binding protein, the effect of rcF added to adipocytes in
vitro is inhibited. However it appears that cartilage can

either detect rGF in the bound form or dissociate it from

its binding protein to enable the rGF receptor to recognize

and respond to it. rnsurin-tike growth factor-r appears to
be the major growth factor in human serum as measured by

RIA.

one component of the non suppressibre insurin-rike
activity which has not been welr characterized is NSrLA-p.

This high molecurar weight protein ( 100,000) can not be

converted to rGF r or rr ( 20 ) . Another protein NSrLp

(non-suppressíble insulin-like protein, MW 90r000) cannot be

further dissociated to NSrLA-s or NSrLA-p. Both NSrLp and

NSrLA-p have rittre or no cartirage stimurating activity but
promote grucose uptake in muscre and adipose tissue (lB)"

4. Ivfultiplication Stimulatinq Activity
Multiplication stimulating activity (MSA) was

identified and purified from calf serum (3r) and medium

conditioned by buffalo rat river cells (32,33) using <3tt>

thymidine uptake into embryonic chick f ibrobrasts. Moses e.L

ar. (34) have demonstrated that there are at reast 7 species

of MSA, one with Mw L6,250, four with ¡lw gt7o0 and two with
I{w 7,100. since the different MSA species behave simirarly
in the bioassay and radioreceptor assay ( 34 ) and all
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recognize a rabbit antiserum raised against the IvlW I,700

species (35), it was proposed that the MSAs hrere all derived

from a common precursor molecule. Recently, a molecule of MW

L2,600 has been isolated from a cell free translation

directed by BRL-34 mRNA which may be the precursor form of

MSA (36) 
"

Marquardt et aI. (37) have reported the complete amino

acid sequence of MSA (Mw 7t48A) purified from conditioned

medium from the BRL-34 rat liver ceII line. They concluded

thät I"ISA was the rat homologue of human IGF II since there

were only 5 amino acid differences between the two ( 938

homol.ogy)" The biological effects of MSA are similar Lo

those of the other somatomedins. One biological activity
which may be unique to MSA is that it. appears to be the

major somatomedin in fetal serum. Moses et al. (38) have

found that l'1SA levels are 20-100 fold higher in fetal serum

than in maternal serum and that these leveIs gradually

decline after birth to reach maternal levels by day 25.

Daughaday et al. (39) also found that rat IGF-II levelsn

\^Jere higher in fetal serum using a rat placental membrane

radioreceptor assay which was specific for IGF-II. Rat IGF-I

was higher in adult rats than in fetal rats" The binding

protein of l,lSA also appears to be di f f erent f rom that of

adult IGF-I and II; BRL-34 cells synthesize a binding

protein made of 2 subunits (MW 30,000 and MW 31,5000, Ref.

40).
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5. Homology between the Somatomedins

Since insulin-like growth factors I and TT, somatomedin

C and somatomedin A have identical biological activities,

considerable attention has been given to the possibility of

homology between the somatomedins. Rinderknecht and Humbe1

(28t29) first reported the amino acid sequence of IGF-I and

II. A partial amino acid sequence for somatomedin C (41)

suggested that it v¡as similar to IGF-I although its

molecular weight was slightly greater (Mw 8r300 vs l,lw 7,47L

respectively) " It also appeared to be related to IGF-I by

competitive binding studies and by antigenic identity with

four different antisera (42)" Spencer et aI. (43), upon

purifying and sequencing somatomedin C, found that it was

chemically identical to IGF-I and revised the nomenclature

to SM-C/IGF-I. Somatomedins A1 and A2 had been partiatly
characterized by Fryklund et al. (25) as having a free

cysteine and no disulfide bonds. Spencer et al. re-examined

SM-A and found that it appeared to be composed of at least

two Sl'1s; a minor component of IGF-I and a ma jor component of

IGF-II. Somatomedin A $¡as re-named IGF-II/SM-A. These

results confirm the findings of Rinderknecht and Humbel

(28 t29) that there are two major forms of SM in the

circulation. This does not preclude that there may be other

SM present in the circulation. Rat lvlsA purif ied and

sequenced by Marquart et. aI. (37) lvas found to have a 5

amino acid difference from human IGF-II/SM-A or a 938

homology between MSA and IGF-II"
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6. Site of Production of Somatomedins

A number of experiments suggest that the major site of

somatomedin production is the liver. Schwander et aI. (44),

measuring IGF production by the perfused rat liver found

that IGF was synthesized and secreted throughout the

perfusion time. Synthesis and secretion rates of IGF were

reduced ( llt of normal) in hypox rats and were nearly

restored (86t of normal) if the animal-s were pretreated with

hGH. The secretion of IGF binding protein was almost

independent of the GH status of the animals with secretion

being slightly less from hypox rat livers. Insulin was also

found to stimulate IGF production but had no effect on its
binding protein production ( 45 ) . When hepatocytes were

maintained in primary culture, they were found to synthesize

and secrete somatomedin (SM-A) into the culture medium (46).

Although the liver is the major site of somatomedin

production, other tissues have been found to secrete

somatomedin-like activity into culture medium. Rat embryo

fibroblasts synthesize I'fSAs which correspond to BRL-MSA II
(MW 8,700) and BRL-MSA III (MW 7,I00). These peptides were

bioIogicaIIy, immunologically and chemically identical to
MSA produced by buffalo rat liver cells (47,48).

Somatomedin-like actívity was also produced by cultured

human fibroblasts (49) and cultured V{I-38 human fibroblasts
(50) 

"



T2

C. The Rote of Growth Hormone and Somatomedins in

Somatic Growth

The avaitability of specific assays for GH and

somatomedins have made ít possible to examine the

interrelationship between GH and somatomedins in health and

disease. The acute effects of IGF' ie., those effects which

occur within seconds to minutes ' are the insulin-Iike

activities on adipose tissue, striated muscle, and hearL

muscle. The long-term effects, ie., those which occur within

hours, are the mitogenic activities which occur in tissues

not regarded as typical insulin targets (eg. fibroblasts,

chondrocytes) (ref..20, Fig.l) .

Considerable clinical data supports the view that the

somatomedins, induced by GHr are necessary for the action of

GH. The marked increase in Iinear growth velocity during

puberty is accompanied by a dramatic rise in SM-C,/IGF-I

Ievels, suqgesting a rol-e for this SM in the adolescent

growth spurt. The IGF-II/SM-A levels do not change during

this period (51r52). Somatomedin levels are low in

GH-deficient. patients and high in acromegalic patients (53)"

After the administration of cH in GH-deficient patients,

there is an acute response, ie., an increase in SM-C,/IGF-I

levels which reaches a maximum 24-48 hours later ( 54 ) .

Further examples of GH-somatomedin interactions have been

reviewed by Friesen (55) and Phillips and

Vassiloupoulou-Sel1in ( 18, 19 ) .
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Both the clinical observa tions and the in vitro studies

support the hypothesis that somatomedins are the mediators

of GH action. However it is only recently that the direct

action of SM on growth has been demonstrated in vivo.

EarIier, experiments had shown that administration of Sl"f to

dwarf SneII mice caused an increase in Iength and body

weight (56) as well as an increase in 'UtOn uptake into

costal cartilag e in vivo (57). Schoenle et al. (58) were

successful in showing that pure IGF-I infused for 6 days via

subcutaneous implanted mini pumps into hypox rats resulted

in a dose-dependent increase in body weight I Libial

epiphysear width, and <3tl> thymidine incorporation into

costal cartilage DNA. The effect was similar in hypox rats

treated with hGH. Further evidence that Slvf acts directly on

cell division in vivo was demonstrated histologically by an

increase of the proliferating and degenerating zones of

tibial cartílage in SneII dwarf mice ( 59 ) . These results do

not exclude the possibitity that GH itself or other factors

may contribute to linear growth.

several studies have suggested that GH itself has a

direct mitogenic effect on cartilage proliferation. Isaksson

et al. (60) reported that hGH administered directly into the

cartilage growth plate of hypox rats stimulated growth

Iocally. In these experiments, l0 Fg hGH was injected into

the proximal tibia whereas the contralateral epiphyseal

plate received saline alone. Three injections were given'

the one tibia receiving a total of 30 )rq hGH. Longitudinal
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bone growth was significantly stimulated on the hGH-injected

side, whereas the saline-injected side was no different from

the controls. The hGH injected animals did not increase in
body weight.

One study has demonstrated that rabbit ear and

epiphyseal chondrocytes from newborn animars have specific
bindíng sites for hGH (6t). Furthermore, hGH stimurates DNA

synthesis in chondrocytes from rabbit ear and rat rib growth

cartilage cultured in chemically-defined medium (serum-free)

(62). These findings support the concept of a direct effect
of GH on chondrocytes.

There may be other circulating factors which cause

growth apart fromr or in addition to GH and somatomedins.

Erlis et aI" (63) found a 200-fotd greater concentration of
cH by bioassay (widening af the tibial epiphyseal cartilage
in hypox rats) than by RrA in human and rat plasmas" upon

fractionating human prasma as werr as rat and bovine

pituitary homogenates, the ratios of bio- to immunoassayable

GH activity were greater than 1000 compared to hGH standards

which have a ratio of 1. Furthermore, the concentration of
somatomedin decreased as purif ication of the
growth-promoting actívity increased. what the nature of the

growth promoting factor( s ) is or how it fits into the

GH-somatomedin hypothesis remains to be elucidated.

The phenomenon of "cateh up" growth in children who

have undergone surgery for craniopharyngiomas is another

example of unexplained growth (64,65) , Despite low or
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undetectable levels of GH, somatomedin levels were normal.

The f actors which led to normal S¡jl production or which

influenced linear growth directly were unknown.

Acromegaloidism (66) is a syndrome characterized by

some of the features of acromegaly such as increased height

and weight and characteristic enlargement of hands and feet.

However, unlike the high GH and Sl',1 leveIs f ound in

acromegaly, GH and SM levels are normal or lower than normal

in this condition. When serum from these patients was

chromatographed and assayed using colony formation by human

erythroid progenitor celIs as a bioassêy, maximal

stimulation of colony growth coincided with prote,ins of Mw

70r000. This factor (heat stable at 56oC, pI 7.5) may be

responsible for the altered somatic growth observed in this

condition.

D. Growth Factors

Growth factors are important signals for cel1

proliferation and differentiation. Sources for these

mitogenic factors other than serum include platelets 
'

plasma, media conditioned by transformed cells and various

tissue extracts such as submaxillary g1and, brain, and

pituitary. The list of growth factors continues to gror¡t at

an ever increasing rate as more sensitive assays are

developed. These mitogens include the somatomedins,

epidermal growth factor (EGF) ' nerve growth factor (NGF) 
'

platelet-derived growth factor (PDGF) ' fibroblast growth
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factor (FGF), transforming growth factor (TGF) and others

(for reviews, see ref.67-74). This review will attempt to

summarize those mitogens which may be responsible for
postnatal Iinear growth or may be involved in the regulation

and remodeling of cartilage and bone.

1. Cartilaqe Growth Factors

a. Introduction

Cartilage has been frequently usedas a model for cell
differentiation since chondrocytes are easily adapted to

tissue culture, they synthesize and secrete a characteristic
sulfated proteoglycan, type-II collagen and chondronectin,

and they retain their capability to undergo mitotic division
in vitro ( for reviews , see ref.75-77).

In vivo chondrogenesis and osteogenesis occur

concurrently at the epiphyseal plate to produce the

permanent skeleton through endochondral ossification.
Temporary cartilage such as the hyaline cartilage at the

epiphyseal plate, base of the cranium and spinal column

serve as a structural template for bone formation. Permanent

cartilage such as the nasal, laryngeal, auricular, costal,
and patellar cartilages also become fully developed in the

fetus but remain throughout adult Iife" These cartilages are

classified as elastic cartilage, fibrocartilager or hyaline

cartilage. Although most cartilage is of mesodermaÌ or

ectomesodermal origin, chondrogenesis can occur de novo from

perivascular connective tissue cells in the regenerating

amphibian Iimb I fracture callus, and muscle explants 
"
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Implants of bone or dentin matrix, osteosarcoma matrixr or

bone morphogenic protein (BMP) are potent inducers of

cartilage growth and ultimately of bone formation (78,79) .

Cartilage grows by cell division, matrix secretion,

hypertrophy and by recruitment of cells from surrounding

tissue. It is not influenced by the later events of

ossification. Much of linear growth is really cartilage
growth although it can be measured as an increase in bone

formation (80).

In vitro, chondrocytes retain most of their in vivo

characteristics. Under normal conditions in I08 fetal calf
serum, chondrocytes maintain their polygonal shape, deposit

refractile matrix, synthesize type TI collaqen and

synthesize chondroitin 4- and 6- sulfate ( Bl ) . Tf

fibronectin ( 50 pg/nt) is added to the medium, the

chond.rocytes will flatten, exhibit the more fibrobtastic
phenotype of the undifferentíated chondrocyte and synthesize

type-I collagen. If fibronectin is removed from the serum,

the process is reversed and the chondrocytes revert back to

their original phenotype (79,82) . Another unique property of

chondrocytes is that these celIs can simultaneously

synthesize DNA as well as specialized cellular products"

Most other normal ce1I types wiII only differentiate and

synthesize specialized products once cell division has

stopped or has slowed considerably (83)"

Histologically, the epiphyseal growth plate consists of

four morphologically different zones: i) the resting zonel
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ii) the proliferative zone, iii) the hypertrophic zone, and

iv) the zone of calcification ( 76 ) . Once in culture,
differences between chondrocytes from the resting zone

(articular chondrocytes; ARC) and from the proliferative
zone (growth plate chondrocytes; GPC) become apparent. Most

assays use the ARC since this requires removing the

articular cartilage whereas preparation of Gpc requires

microdissection of the growth plate only. Articular
chondrocytes from the resting zone stick to the flask more

easily, grow as a monolayer and appear to be Iess

differentiated than GPC. Growth plate chondrocytes form

clonal colonies and appear to be more differentiated (84).

Both types of chondrocytes, however, produce metachromatic

matrix and proteoglycans, and both cell types are equally
responsive to somatomedins i..n incorporating <35s> sulfate
into proteoglycans, imprying that either cerr culture can be

used as a bioassay system ( 85 ) .

b. Effect of Growth Factors on Chondrocvtes

Growth factors play an important role in cartilage
growth. Somatomedins stimulate sulfate incorporation into
cartilage (16) and <3u> thymidine incorporation into fetal
rat costal cartirage ( B6 ) . Murtiplication stimulating
activity, thought to be the fetal somatomedin, also

stimulates DNA synthesis as measured by <3H> thymidine

incorporation in rabbit and human fetal chondrocytes (87)"

Other mitogens are also implicated in the growth process.

Epidermal growth factor and platelet-derived growth factor
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both stimulate <3lt> thymidine uptake by fetal rat cartilage"
PIateIet-derived growth factor also stimulates sulfate
incorporation in chondrocytes (86) " HascaIl et al. (BB)

reported that factors present in serum were essential for
proteoglycan synthesis ( for reviews, see ref. B9,90 ) .

c" Cartilage-derived Growth Factors

The regulation of chondrocyte growth and bone

remodelling is incompletely understood. A number of growth

defects in humans involve an abnormality of this process.

Achondroplasia is a lack of cartilage growth. Chondromas

(benign) and chondrosarcomas (malignant) arise from

uncontrolled chondrocyte proliferation. In the absence of

normal repair, arthritis is a result of cartilage
degeneration.

Endogenous factors as well as serum factors may

contribute to the regulation of chondrocyte growth.

Cartilage itself produces factors which in turn stimulate

chondrocyte proliferation in an autocrine-paracrine manner

(Fig.2). Azizkhan and Klagsburn (9f) purified a growth

factor from bovine scapular and articular chondrocytes. Over

938 of the growth factor was recovered in the nuclear

fraction, aII of it being associated with the chromatin"

This chromatin-associated protein (MW l6r-I7r000, pI 9-10)

appeared to be one of the nonhístone chromosomal proteins

thought to have structural, enzymatic, and regulatory roles

in DNA synthesis.
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Klagsbrun and smith (921 identified a similar growth

factor (MW I6,400, pI 9-10) from bovine scapula cartilage.

This mitogen stimulaLed DNA synthesis in 3T3 cells and

chondrocytes and induced migration and proliferation of

capiltary endothelial ceIls. Since rapid proliferation of

chondrocytes and vascularization prior to calcification are

characteristic to bone formation in vivo, these factors may

be involved in this process.

Fetal cartilage may also contribute to its own growth

by producing growth factors" Rat fetal calvaria secreted

several mitogens into culture medium" One mitogen ( I\'lW

13r700) stimulated <3H> proline into collagen and the other

factor (MW 25r000) increased <3H> thymidine incorporation

into DNA. Both matrix formation and celI proliferation are

necessary processes to cartilage growth (93).

2 Bone-derived Growth Factors

Bone matrix may also play a role in perpetuating

chondrocyte growth. Farley and Baylink (94t95) identified

and purified a skeletal growth factor from demineralized

human bone matrix. This protein (MW 83r000)r heat and acid

stable ) increased DNA synthesis ( <3tl> thymidine

incorporation) in embryonic chick calvarial cells, femoral'

cells, and chondrocytes ( sternum) . Sampath et aI. ( 96 ) ,

working with demineralized rat femur and tibia' reported

that a bone matrix-derived factor (MW 60-80'000) induced

bone differentiation in vivo and fibrobtast proliferation in
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vitro. Since the developmental cascade of bone

differentiation initially involves mesenchymal cell
chemotaxis, attachment and proliferation, these growth

factors may be involved in recruiting connective tissue

mesenchymal ceIIs adjacent to the developing bone and in
stimulating cell prolíferation.

A potent inducer of lamellar bone is bone morphogenic

protein (hBMP;Ref.78,97). The predominant component of hBMP

has a molecular weight of I7r500 with varying amounts of

I4K, 24K and 34K proteins. BMP induced mesenchymal

d i s a g gr egat ion, mig ration , reaggrega tion , car t i Iage

outgrowth and bone formation" Urist et aI" (97 ) have defined

BMP as a morphogen that initiates a new DNA sequence in

mesenchymal cells to produce an entirely different ceIl
population. The process is irreversible and results in bone

formation which remains for the lifetime of the animal.

Implants of BMP or demineralized bone matrix in muscle

pouches of rodents induce mesenchymal cells to differentiate
into cartilage cells by 7 days, woven bone by 14 days and

lame1lar bone wíth bone marrow by 2L days.

3. Pituitary-derived Growth Factors

The pituitary gland is the source of a number of

physiologically important hormones. Recently, interest has

been revived in the pituitary as a source of growth factors'

a new class of hormone-Iike peptides which have been

identified by virtue of their mitogenic action in a
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bioassay. A list of pituitary-derived growth factors, their

target tissue and partial characterization are described in

Tables 2-4. The similarities , íf any, between the

pituitary-derived growth factors and chondrocyte growth

factor (CGF) wiII be reviewed in the Discussion.

E. Definition of Growth Factors

In general ¡ growth factors have been described. as

substances that cause an increase in cel1 size

(hypertrophy) and in cell number (hyperplasia) (68,116).

These processes are important since they contribute to

development, wound healing and the routine turnover of cells

that characterize most tissues.

The recent Iiterature contains many reports on the

identification of new growth factors. The difficulty arises

in determining which of these factors are required for cell

viability and which factors regulate cell growth" Growth

factors required for cell viability are the nutrients

provided by tissue culture media, for example, ions,

vitamins, amino acids' sugars' and other low molecular

weight compounds such as transferrin. Still other factors'

ie. , hormones, peptides, and proteins usually provided by

serum, are required to i.nitiate DNA synthesis and thereby

stimulate cell division and proliferation. The question that

arises is; what criteria can be used to determine whether a

substance acts as a nutrient or as a regulatory growth



Table 2" Pituitary-derived growth factors

Growth factor Target tissue Characterization Reference

podarowicz, L975
)

Fibroblast
(bovine)

growth factor

Glial growth factor

End.othelial
(bovine)

growth factor

Adipocyte growth factor
(bovine)

3T3 cells
Chondrocytes
Endothelial celIs
Granulosa cells
Glia1 cells

Rat Schwann cells

Albino 3T3 ceIls
Endothelial cells

Rat and human adipocyte
Precursors

MW 31,000
Basic peptide
Heat resistant

MW 75,000

13,400
9.5

44 t000-53,000
9 . B-10 .3

Lemke and Brockies
1983 (ee)

MW
pI

MW
pI

Gos
(eB

N)
(Jl

Maciag et al.,
(100)

L979

Lau et al", 1983
(ro1)



Table 3. Pituitary-derived growth factors

Growth factor Target tÍssue

Ovarian
(bovine)

growth factor O¡arian cell-s

Phosphoethanolamine

Characterization

MVit 10,000-I3,000

¡4W 14I

MW 8,400; pI 10.4
MW 9,000; pI 10.4
Mw 6,400-13,000; pI 9 .9

Reference

Gospod.arowicz
l-974 (102)

et al"

Renotropic factor
(ovine)

Rat carcinoma ceIl
line 64-24

Kidney in vivo

Balb/c 3T3 cells

Kano-Sueoka
L979 (103)

et al"

Nicolson et al.
LsTs (ro4J---

Kelley and Puett, 1980
(10s)

N)
Or

Cationic
peptides

growth-promoting
(bovine)



Table 4. Pituitary-derived growth factors

Growth factor Target tissue tested

Rat ovarian ce1ls
3T3 cells
Rabbit chondrocytes

Balb/c 3T3 cells

3T3 fibroblasts
YI adrenal cortical
Tumor cells

MT W9IPL
T4 7-D
MCF-7
Breast cancer
cell lines

Characterization

MVt L2,000-24r000

Reference

Clark et al.'
armelinlTT3
Corvol et a1.,

Preparations of
NIH-LH, NIH-TSH

Pituitary extracLs
(human)

Pi-tuitary ce1I-derived
growth factor
(bovine )

Mammary tumor
cell growth factor
(rat)

L972
(107)
L972

(106)

(108)

MW 2,000-8,000
Heat stable
Aci-d stabl-e

Antoniades and Scher'
LeTB (roe)

Kudlow and Gerrie, l9B3
(110)

Ikeda et aI., 1984
(L2e)

N){Heat
Acid

stable
stable
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factor? Pardee et al. (118) have proposed three criteria

which define the functions of a regulatory protein:

a) Regulatory factors are required for traversing the

Gt phase of the cell cycle. In the absence of nuLrients (eg.

transferrin) r Chinese hamster embryo fibroblasts (CHEF/IB)

could arrest in any phase of the cell cycle. If, however, a

progression factor (eg. EGF, insulin) is removed from the

culture medium, these cells are arrested in the Go/G1 phase"

These factors are required by the fibroblasts for initiation

of DNA synthesis. Both EGF and insulin have been shown Lo

stimulate cell proliferation in serum-starved and confluent

3T3 celIs ( 118 ) .

b) Transformed cells can lose their growth factor
requirement. The transformed cells CHEF/L6 and T30-4

( tranformed Chinese hamster embryo fibroblast clones )

cultured ín defined medium require both insulin and

transferrin for cell growth but they have selectively lost

their requirement for EGF but not for insulin (L27).

Transferrin is a non-regulatory factor, being required for

ce11 growth in serum-free medium. Removing transferrin

causes transformed cells ( eg " polyoma virus transformed

simian baby hamster kidney fibroblasts BHK-2I) to arrest in

aII phases of the cell cycIe. Removing EGF or insulin would

cause these cells to accumulate at the Go,/G1 phase (lt8)"

c ) The regulatory factor should be present under

physiological conditions at reasonable concentrations. This

críterion excludes; i ) substances that affect growth in
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vitro but do not necessarily stimulate cell proliferation in

vivo, and íi ) factors which have to be added at

pharmacological doses to see a growth promoting effect in

vitro or in vivo.

In light of these three criteria, it appears that only

a few of the more well-characterized growth factors fit the

definition of a regulatory growth factor. These include EGF

(1tB), the somatomedins (I8-21, I13) ' PDGF (17,I15) r NGF

(115), and perhaps FGF (98,128). In reviewing the

Iiterature, many new growth factors' including those from

the pituitary, have been identified but none of them have

been purified and characterized sufficiently to qualify them

as "true" growth factors.

F. Role of Growth Factors in the CelI Cvcle

Many factors control the rate of growth. Nutrients such

as amino acids, glucose, anions and cations are required to

mainLain cell viability. Growth factors and growth

inhibitors regulate the rate of cell proliferation and

protein synthesis. CeII shape ancl surface area often affect

growth. In general, increasing the surface area, ie.

roundíng up, increases the area of cell surface available to

factors in the culture medium (III).

The replicative cycle is unde:: stringent regulatory

control. Since a cell spends most of its lifetime in G,/GL

with only occasional periods of replication, specific
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stimuli are necessary to activate and force the cell to

enter the cell cycle (Fig.3). The growth-controlling event

occurs at the restriction point which Iies somewhere in

mid-Gr. In the presence of serum factors ' the cell

synthesizes and accumulates a Iabile initiator protein 'rRtr

until a critical concentration is reached and the cell is

committed to completing the S (DNA synthesis) r GZ

(preparation of mitotic apparatus for division), and M

(mitosis) phases (112). After mitosisn the cell can enter

the resting phase Go or prepare for division by passing Go

into Gr.

The mechanism of action of growth factors late in the

Gt phase is two-fold. Quiescent cells exposed to one set of

factors become "competent" to replicate their DNA but will
not proceed further. Platelet-derived growth factor ana iiCF

are necessary for cell growth but will not support cell

proliferation. A second set of growth factors is required

for the cells to "progress" into the S phase. Plasma

fractions, EGF, insulin and the somatomedins belong to the

progression factors which are necessary to induce DNA

synthesis and commit the cell to the cell cycle (113,t14)"

Competence factors also play an additional role in that

they allow the daughter cells to proceed rapidly towards a

second round of DNA synthesis without entering G" if they

are added during the S, GZ or M phases of the cell cycle

( 115 ) " For further reviews of the role of growth factors in
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the cerl cycle, see Bradshaw and Rubin (116), Baserga (tl7),

Pardee et aI. (118), Antoniades and owen (II9), and orKeefe

and Pledger (1f4).

The association between growLh factors and oncogenes

has provided new insight into the mechanism controlling
abnormal cell growth. A fundamenLal change in tumor cells
may be that they fail to stop at the restriction point in Gt

where normal cells would have been arrested prior to
differentiation. Tumor viruses appear to bestow immortarity
on host cells by infecting them with an oncogene or by

activating existing cellular oncogenes. The producL induced

by the oncogene then stimulates cel1 proliferation and

causes the celrs to bypass the restriction point, resulting
in uncontrolled growth. The growth factors EGF and pDGF have

been implicated as being similar in structure or function as

an oncogenic product.

The process of tyrosine phosphoryJ-ation occurs in both

normar and vírarly transformed cerrs. ushiro and cohen (r30)

reported that EGF, when bound to its receptor, induced the
phosphoryration of tyrosine in the receptor itself as werl
as in other cellular proteins. This signar was responsibre

for triggering the intracellurar events which resurted in
cerl division. These results suggest that the same

phosphorylation of tyrosine can mediate a normal (EGF) and

an abnormal (oncogene) stimulus for celI division.
Prateret-derived growth factor provided another

link between growth factors and oncogenes" Doolittre et a1.
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(131) found that the transforming proteín of v-sisr the

simian sarcoma virus oncogene, and human PDGF $/ere derived

from the same or closely related cellular genes " The

mechanism by which the oncogene caused v-sis transformed

cells to bypass the reslriction point appears to be by

producing a growth factor which is similar to a normal

factor active only transiently during the cell cycle. In the

presence of the growth factor, cell division is in a

constantly 'r activated" state . In vitro studies have shown

that in normal ceIls, the addítion of a competence factor
(eg. PDGF) allows daughter cells to proceed to a second

round of DNA synthesis without entering Go if the growth

factor is added during the S, G2 or M phases of the cell
cycle (I15). This same process might occur in transformed

cells which are producing their own competence or

progression factors.

II. Current Investiqation Rationale and Obrectives

The somatomedin hypothesis has been supported by

clinical observations such as the correlation of low SM

Ievels in GH-deficient patients and high levels in

acromegalic patients (120), the rise of SM levels during
puberty (52) and the GH-dependent stimulatÍon of IcF

actívity (18,19r55). The infusion of pure IGF-I into hypox

rats resultíng in increased body weight and tibial
epiphyseal width and <3H> thymidine incorporation into
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costal cartilage has provided compelling evidence in favor

of the original SM hypoLhesis ( 58 ) .

Although IGF levels correlate well with growth, it
appears thab there is a more complex relationship between GH,

IGF and growth. The studies of Isaksson et al. (60), Eden et

al. (61) and Madsen (62) have demonstrated that cH itself
can have a direct effect on tibiat growth via specific
binding sites for hGH" Etlis qt aI. (63) reported that the

bioactivity in plasma and pituitary homogenates responsible

for stimurating tibiar growth was neither GH or somatomedin 
"

Clinical studies suggesting that linear growth may be

attributed to other factors are the observation of

"catch-up" growth in children (64r65) and acromegaloidism in
adults (66) who have increased growth rates despite low or

undetectable levels of GH. Antoniades and Scher ( f09 )

observed that human pituitary gland extracts contained a

factor that induced DNA synthesis in confluent Balb,/c 3T3

cel1 cultures. Preparations of NIH-LII and NIH-TSH were found

to be mitogenic to rat ovarian cells (106), 3T3 cells (107)

and rabbit chondrocytes (108). HighIy purified preparations

of LH and TSH had little or no activity suggesting that the

mitogen was neither LH or TSH but an impurity present in the

preparation. The conclusion to be drawn from these studies

is that in addition to GH, the pituitary gland synthesizes

and secretes a novel facLor/hormone which participates in

the complex process of growth.
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We had previously reported the partial purification and

characterization of a chondrocyte growth factor (CGF) from

the human pÍtuítary gland (l2f). Chondrocyte growth factor
was heat (f000c., 10-15 min. ) r and trypsin sensitive and

acid labile. It eluted with proteins of MW 40-60'000 and its

pI was ^/ 7 "9" In t.his study, the investigator reports on the

purification of CGF to apparent homogeneity on Sephadex

G-l00, chromatography on hydroxylapatite, âffinity

chromatography on DEAE Affi-GeI B1ue, chromatofocusing, and

SDS-PAGE electrophoresis.

Samaan and Leavens (L22) measuring hGH' PRL, TSH, LHn

and FSH found that hormonal levels in the pit.uitary vascular

be'ól were at least 1000 fold greater than those found in the

peripheral blood (Table 5). Thus it. might be anticipated

that CGF, if secreted, would be detectable in serum samples

derived from the pituitary vascular bed. To examine whether

the pituitary might synthesize and secrete CGF' primary

pituitary cell cultures and organ cultures were established

from pituitary fragments obtained from pat.ients with

acromegaly, prolactinomas, ATCH-secreting and non-functional

adenomas. The conditioned medium v¡as assayed for CGF

activity in a rabbit fetal chondrocyte assay. Blood leaking

into the surgical field at the time of transphenoidal

removal of a pituitary adenoma was also collected and

assayed to determine if CGF was present in the circulation.

To determine if somat.omedin stimulated growth directly'

it was necessary to demonstrate thaL pure IGF-I, infused



Table 5. Hormonal levels ín the pituitary vascular bed
compared to peripheral blood levels in 36 patients

Hormone Pituitary vascular bed Peripheral blood

hGH

PRI

TSH

LH

FSH

(NG/Mr)

(NG/MI,)

(uU,/ML)

(mU,/ML)

(mUrzML)

35,300

BI, I00

4,600

6,700

1,400

3

91

5

5

3

(,

Samaan, N.A. and Leavens' M.8., l-981. J. CIin. Endocrinol.
Metab. 53:985-989.
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into hypox rats, increased body weight and stimulated t'ibial

and costal growth ( 58 ) . To determine if CGF stimulates

cartilage grov/th directly it would be necessary to find an

in vivo model which was sensitive to hormone manipulation "

I"lcCumbee et aI. ( I23 ) reported that Swarm chondrosarcomas

grew rapidly in normal Spragge-Dawley rats (Fig.4)' while

tumors transplanted into hypox rats only showed minimal

growth. These findings suggest that a pituitary-derived

hormone or factor was responsible for tumor growth'

Treatment of hypox rats with bch' cortisoli or bch and

cortisol in combination only partially restored the growth

rate to normal levels ( Fiq.5 ) .

Redding and schally (L26) reported that the chronic

administration of LHRH (which lowers blood levels of LH and

FSH) and somatostatin analogs (which depress serum GH and

ACTH levels ) Ied to a signíficant reduction of

chondrosarcoma gro!,¡th. The mechanism by which the twcr

hypothatamic hormones exert their effects is unclear '

somatostatin may reduce tumor growth by suppressing GH,

thyrotropic hormone, insulin and perhaps corticotropin

release. Studies have shown that chronic LHRH administration

can result in chemical castration. However neither

ovariectomy nor orchiectomy affected tumor growth. The

analogs of LHRH may suppress the pituitary-adrenal axis or

the adrenal itself, reducing corLísone levels sufficiently

to reduce tumor growth.

The swarm chondrosarcoma has been frequently used to
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GROWTH OF RAT CHONDROSARCOMA IN
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EFFECT OF HORMONES ON IN VIVO GROWTH

OF THE CHONDROSARCOMA IN HYPOX RATS.
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study the histological and biochemical properties of

chondrocytes as well as the hormonal control of cartilage

growth" This model 'lends itself to these types of studies

because it. is a fairly homogeneous tumor composed of

immature chondrocytes, it can be easily maintained by

subcutaneous tranplantation and chondrosarcoma growth is

under hormonal ( and growth f actor ) control. CGF \^¡as

therefore tested in this system to determine if the human

pituitary-derived mítogen stimulated cartilage growth j-n.

vivo.
The somatomedins increased transport processes and

macromolecular synthesis (L23 ) and stimulated RNA and

protein synthesis in chondrosarcoma cells (L24). Insulin

stimulated collagen and non-collagen protein synthesis as

well as proteoglycan synthesis in cultured chondrosarcorla

chondrocytes (f25).

In summary, the objectives of t.his investigation were:

I) To purify human pituitary-derived CGF to homogeneity.

2) To determine if CGF is mitogenic on chondrocytes derived

from different types of cartilage in vitro.

3) To test btood leaking into the surgical field during

transphenoidal removal of a pituitary tumor and medium

conditioned by the human pituitary fragments for CGF

activity.

4) To determine if CGF stimulates the growth of chondrocytes

(Swarm chondrosarcoma) in vivo.
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Materials and Methods

I. Materials

Tissue culture supplies, ie., Ham|s Fl0 culture medium'

fetal bovine serum (FBS) ' penicillin-streptomycin'

L-glutamine ( 200 mM) and trypsin-EDTA ( lx) were purchased

from GIBCO. CollagenAse was obtained from either corning or

NUNC. sephadex G-I00, PBE chromatofocusing gel and PB96

polybuffet, Spectrapor dialysis tubing (6-8,000 MW cut-ofr.),

Iow molecular weight standards for SDS-PAGE and standards

for isoelectric focusing were products of Pharmacia Fine

chemicals. Hydroxytapatite, DEAE Affi-GeI Blue and the

Bio-Rad protein assay were products of Bio-Rad Laboratories "

Isoelectricfocusingkits(pH3.5-9.5)werepurchasedfrom
LKB. sprague-Dawley and Buffalo male rats (r25-1509) were

purchased from Charles River Canada Inc ' The Swarm

chondrosarcoma v¡as kindly supplied by Dr. Richard swarm,

Hoffman LaRoche" The human pitutary tissue fraqments and

blood samples were generously supplied by Drs' M' West and

Dr. Fewer.

II. Methods

A. Tissue Culture Methods

I. Pre aration of Chondroc es

PrimaryculturesofrabbitfeLalchondrocytes(RFc)

were prepared under aseptic conditions using the following

method" Fetal knee articular cartilages from tibia and femur



42

were minced and digested with 0.25t collagenase dissolved in

Ham¡s Fl0 growth medium (Ham's Ft0 supplemented with l0t

(v/v) FBS, 100 i.u.,/m1 penicillin, 100 ug,/mI streptomycin,

4.5 g/I D-glucose and 4 mM L-glutamine). After a 2 }:.r-

incubation at 37oC, the cell mixture was dispersed and

passed through a fine steel mesh" The cells were centrifuged

at 40Oxg for 3 min. and the supernatant decanted. The

chondrocytes were resuspended in Hamr s Fl0 growth medium,

plated in 75 .*2 culture flasks and incubated at ¡ZoC in 95t

air and 5t COZ (Hot Pack CO, incubator). Once the cells had

grown to confluency, they were detached by trypsinization,

centrifuged at 40Qxg for 3 min., dispersed in Hamrs Fl0

growth medium to which 10t (v/v) dimethyl sulfoxide (DMSO)

had been added and frozen at Ix}06 cells/ml /vía|. When

required, a vial of chondrocytes was rapidly thawed and

incubated in Hamr s Ft0 growth medium for 7 days before

setting up an experiment.

2. Rabbit Fetal Chondrocvted (RFC) Bioass av

The bioassay hras based on the abitity of various

fractions to stimulate cell proliferation of rabbit fetal

chondrocytes. on day 0, the RFc were plated (approx. 2xL04

cells,/dish) in 35 mm plastic dishes in Ham's growth medium

and the cells allowed to attach to the substrate overnight.

Samples were added on days I and 3. On day 5, the cells were

detached by trypsinization and cel1 number determined using

a Coulter Counter. Va1ues represent the mean of duplicates

or triplicates.
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Primary cultures of adult rabbit ear chondrocytes'

adult rabbit and human patellar chondrocytes were prepared

and the bioassay carried out in the same manner as that for

the rabbit fetal chondrocYtes.

3. Human PituitarY Organ Cultures

organ cultures were established from pituitary

fragments obtained from patients with acromegaly'

prolactinomas, ATCH-secreting adenomas and non-functional

adenomas. Vfithin one hour of receiving the specimen, the

pituitary f ragments !.¡ere minced and cut into 1mm3 pieces.

Six pieces of tissue were placed on siliconized lens paper

rafts (L32) and I, 2, or 3 rafts per dish were floated on

the culture medium. The organ cultures were incubated at

37oC in 95t aír and 5t CoZ (Hot Pack Co, incubator).

The following experimental condítions were set up using

this organ culture method:

a) The rafts $rere placed on serum-free Hamrs FIo medium

supplemented with glutamine, glucose and antibiotics. The

"conditioned" medium was collected, dialyzed' concentrated

and analyzed by analyticat isoelectric focusing" The label'
35S-methionine ( I pCi/rnl) , was added to several culture

dishes to examine the biosynthesis and secretion of newly

synthesized proteins using autoradiography. After a L2 hr"

incubation period, the medium \Á/as collected, dialyzed and

concentrated ( Speed Vac Concentrator, Savant) " A 50 pf

aliquot was examined on isoelectric focusing. The exposure
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time on XAR-5 x-ray film (Kodak) was 4 days and the

autoradiogram was manually processed as recommended by the

manufacturer.

b) Conditioned medium (serum-free' supplemented with

0.01t BSA) was prepared for analysis on isoelectric

focusing.

c) conditioned medium (Hamrs Fl0 growth medium) was

assayed in the RFC bioassay.

d) Rafts were also placed on Hamrs FIQ growth medium in

which rabbit fetal chondrocytes had been plated ( see Fig.5 ) "

Af ter 5 days chondrocytes \^/ere detached by trypsini zation

and cell number determined using a Coulter Counter.

4. Primary Culture þlethod for Human Pituitary Tumor CeIIs

Pituitary tumor fragments were minced' resuspended in

Hamf s FI0 growth medium containing 0.25t collagenase and a

primary culture of pituitary cells prepared using the same

method as that for rabbit fetal chondrocytes. These cells

were cultured in Hamr s FIO supplemented with 20t FBS since

human-derived celI types appear to require higher serum

concentrations for optimal cell viability and growth (133).

5. Analysis of Serum for CGF Activity

Blood leaking into the surgical field during the

adenomectomy contains high leveIs of the known pituitary

hormones (122). This blood was collected by suctioning the

blood from the cut surface during the surgical procedure"

The blood was allowed to clot and the serum was tested in

the RFC bioassay, An aliquot of serum \das fractionated on
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Fig .6 . Pituitlary tumor/chondrocyte culture system. Rabbit

fetal chondrocytes were plat.ed at a density of 2xL04

celts,/dish and allowed to attach overnight. The pituitary

tumor fragments were cut into I r*3 pieces and 6 pieces

placed onto each siliconized lens paper raft. One, 2, or 3

rafts per dish were floated on the culture medium. After 5

days, the rafts and medium were discarded, the cells htere

detached by trypsinization and the cell number determined

(Coulter Counter).

PituitarY Tumor
Fragments

Siliconized
Lens Paper Raft -Ham"s F 1O Medium

+ 1O% FBS

Rabbit Fetal Chondrocytes
(RFC)
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Sephadex G-100 ( see Section B6 of of lufethods ) and

fractions tested for growth factor activity. Prolactin

growth hormone were measured by radioimmunoassays (RIA) 
"

the

and

B. Analvtical Procedures

I. Protein Determination

Protein concentrations of the fractions collected at

different steps during the purification rrtere estimated by

absorbance at 280 rIIlr assuming that one unit of absorbance

is equivalent to I mg/mL protein concentration. For a more

accurate measure, protein concentration was determined by

the Bio-Rad protein assay using bovine serum albumin (BSA)

as standard.

2. Isoelectric Focusinq

Analytical thin layer polyacrylamide gel ( LKB)

isoelectric focusing rltas carried out using a LKB 2LL7

multiphor apparatus. The gels used had a pH range 3.5-9.5

with a polyacrylamide concentration of 58. The samples were

applied to each half of the gel. After focusing (4.5 hrs. at

4 watts), one half of the gel was placed in fixing solution
(57.5 g TCA and L7.25 g sulphosalicylic acid in 500 mI

distilled water) for 0.5 t hr. and was then stained with

Coomassie Brilliant Blue R-250 <0.2309 in 200 ml destaining

solution (500 m1 ethanol plus t60 mI acetic acid diluted to

2 Liters with distilled water) ) overnight at room

temperature. The staining solution was removed and the ge1

placed in destaining solution until the stained protein
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bands were clearly visible, The samples applied to the other

half of the gel were prepared for use in the bioassay. The

lane that contained the sample was serially cut into 20

segments and the individual segments were eluted in I ml of

Hamrs F10 growth medium" A control lane that contained no

sample was processed in the same manner. The buffering

action of the medium was sufficient to neutralize extracts

from acidic and alkaline gel segments. The segments were

eluted overnight at AoC with continuous shaking. The gel

segments were removed and the eluants assayed for mitogenic

activí ty .

one additional lane was cut into segments which were

individually eluted in I ml double distilled water overnight

at 4oC under continuous shaking. The pH gradient was

determined from this series by a pH electrode ( Fisher '
Acumet, Model 420).

3. Polvac rvlamide Gel ElectroPhoresis

Polyacrylamidegelelectrophoresisinthepresenceof
sDs was performed as described previously ( r34 ) . The samples

\{ere heated at IO6oC f or 2 min. in the presence of lt SDS

(St 1v/v) 2-mercaptoethanol ) and applied to a 10t

polyacrylamide gel" The gels were electrophoresed at I0 mA

for B hr. and stained either with Coomassie Brilliant BIue

( 134 ) or silver ( 135 ) -

4. Statistics
Statistical significance

(contrasts) in the Swarm

of the comparison between

means chondrosarcoma studY was
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determined by one way analysis of variance (Hewlett-Packard'

ref .136 ) .

c

t
Purification of cGF fron Human Pituitarv Glands

Startinq Materials

Human pituitary glands collected at autopsy were kept

frozen (-7OoC) until extraction. The extraction and all

subsequent chromatography procedures were carried out at 4oC

and the materials collected after each step if the

purif ication \Atere stored at -2OoC. Samples were never

subjected to freeze-thawing more than twice' The

purification scheme is outlined in Figure 7 
"

2. Extraction Procedure

Five lots of 200 frozen human pituitary glands were

ground, pooled, and homogenized in 0.15M (NH4)ZSOA pH 5.5

(2I). The homogenate was stirred for 2 int. at 4oC,

centrifuged at 10,000xg for 50 min. and the clarified

supernatant filtered through several layers of cheese cloth.

The pH of the supernatant was adjusted to 3 .5 with 0 - 5M

H3po4 and recentrifuged at 10r000x9 for 50 min. The pH was

immedíately re-adjusted t.o pH 6.5-7.0 with lM NaOH-

3. Sephadex G-IO0 Chromatoc¡raohv

The supernatant was concentrated to one third of its

original volume ( 750 ml) using a 2L Amicon diaflo cell and

YM-l0 membrane filter (Þ1W cut-off 10,000)" The concentrated

material (65g protein) was applied to a Sephadex G-I00

column ( II5x12 cm) equitibrated and eluted with 0.0t1"1
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Purif ication Procedure

Fig .7 " Purífication proeedure of CGF.

Frozen Human Pituitary Gland Extracts

I ,5-Ford Purification )
{/

Gel Filtration on Sephadex G-100

I,40-Fold Purification)
{/

Chromatography on Hydroxylapatite (HTP)

I,24-FoId PurificaLion)
v

Affinity Chromatography on DEAE Affi-GeI Blue
I

.t ( 5-Fo1d Purification )

Chromatof ocus ing Chromatog raphy

(TotaI Purification =

24,000)
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Tris-HCt pHB.5. The fractions (20 mI per tube) were tested

in the chondrocyte bioassay equal volume (f00 ¡f) from each

fract,ion. The fractions containing the growth factor

activity ( fr.90-320 ) were pooled and applied to

hydroxylapatite chromatog raphy .

4. Hydroxylapa tite Chromat.ography

Bio-Gel HTP was resuspended and equilibrated in 0.01

sodium phosphate buffer pH 7.2. The Sephadex G-I00 pool

(t3.I2q protein) was applied to the hydroxylapatite column

(52x7 cm) and Lhe unadsorbed fraction collected and stored

at -2OoC. The adsorbed material was eluted by the stepwise

addition of 0.IM sodium phosphate pH 7.2 and 1.0M NaCI in

0,0IM sodium phosphate pH 7.2. The fractions (20 ml per

tube) were assayed in the RFC bioassay and those fractions

containing growth factor activity (fr. 384-400) were pooled

and applied to DEAE Affi-GeI Blue chromatography"

5. DEAE Affi.G el Blue Chromatography

The HTP pool (124.8 mg protein) was dialyzed against

double distilled water ( spectrapor tubing, MW cut-off

6,-8,000) before applying the material to a DEAE Affi-Gel

BIue column (30x5 cm) equilibrated with 0.02M Tris-HCI pH

7 .2 " The unadsorbed f ract ion \â¡as collected and stored at

-2QoC. The adsorbed material was eluted by the stepwise

addition of 0.15M NacI in 0.02M Tris-HCl pH 7.2, I.QM NaCI

in 0.02M Tris-HCI pH 7.2, and finally 0.5M sodium

thiocyanate (NaCNS) which removed any remaining protein

bound to the column. The fractions (20 mI per tube) were
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assayed in the RFC bioassay and those fractions containing

activity (fr. 93-108) were pooled f.ot the next step in the

purifícation.

6. Chromatof ocus lng

TheDEAEAffi.GelBIuepool(5.l2mgprotein)was

dialyzed against double distitled water (Spectrapor tubing'

MW cut-off 6r-8r000). The PBE chromatofocusing gel and PB96

polybufferwerepreparedandde-gassedaccordingto
pharmacia specifications. AIt buffers as well as the sample

were de-gassed before application to the column. Briefly'

the column ( 36x1.4 cm) was equilibrated with 0.025M

ethanolamine pH g.4 and 2 mI of sephadex G-75 was layered on

top of the gel before adding the sample. Once the material

had adsorbed to the column, 5 mI of ethanolamine were

applied before eluting the material with polybuffer 96-HCl

pH6.5.Thisstepwasaprecautiontopreventtheadsorbed
material from being exposed to extreme pH, ie', pH 6'5' The

pH gradient g.4-6.5 r¡¡as created as the polybuf f er passed

through the get and the material eluted at its isoelectric

point. The gel was stripped of residual protein with a Il'1

NaCl solution. Atl fractions (I0 mI per tube) were tested in

the RFC bioassay.

D. Swêrm Chondrosarc

The transplantable rat chondrosarcoma

provided by Dr" Richard swarm. The tumor tissue

sign of necrosis ) v¡as cut into thin slices

was kindly
( showing no

and forced
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through a fine stainless steel mesh into sterile Hamr s Fl0

medium supplemented with antibiotics. The resultant slurry

was diluted to a concentration of 100 mg tumor tissue per mI

and I mI in jected subcutaneously ( sc) into bot.h f lanks of

male buffalo rats. The tumor was maintained in buffalo rats

as recommended by Dr. Swarm (personal communication).

The growth and differentiation of cartilage depends on

humoral factors and to examine the question of hormone

dependency, we studied the effects of hGH and CGF on

chondrosarcoma growth in normal and hypox rats.
Normal and hypox male Sprague-Dawley rats weighing

approximat.ely 1509 were obtained from Charles River Canada

Ine. Upon arrival, the animals were housed in wire-bottom

cages and kept at a temperature of 2L-23oC and a L2 hr.

light cycLe. They $/ere given food and water aQ libitum and

kept for three weeks before the start of the experiment.

OnIy those hypox rats which showed no weight gain during

this period were used in the experiment and at the end of

the experiment each animal was examined for residual

pituitary tissue, to assess the completeness of

hypophysectomy.

At the start of the experiment, the animals were

inoculated sc with I00 mg tumor tissue ( in I mI sterile

Hamrs Fl0 medium) into each flank ( 123 ) . The groups of

animals (Table 6) were injected twice daily (9 a.m., 9 p.m. )

with 0.5 mI of a) injectable water, b) 10 ng hcH, c) 100 pg

hcH, or d) 250 pg of a crude preparation of CGF (HTP pool)
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Table 6. Injection Protocol for the Swarm

Chondrosarcoma Study.

Group (n) *Test Substance (0.50 mI)

normal rats

injectable water

r00 pg hcH

250 ¡tg cGF

hypox rats

injectable water

10 ng hGH

100 F9 hGH

250 ps cGF

*Normal and hypox Sprague Daw]ey rats received
subcutaneous injections of the test substance
twice daily"

2

3

3

4

4

5

7
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per injection. The rats were weighed once a week and their

nose-to-tail measurements taken. The experiment was

t.erminated at the end of 4 weeks. The animals were weighed,

Sacrificed by decapitation, and the chonclrosarcoma aS well

as several tissues (1iver, Iung, kidney, spleenr testes)

dissected out. The changes in body weight and organ weight

as well as chondrosarcoma growth were compared between the

various test groups.
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Results

I Purification of CGF

The identification and partial purification of

chondrocyte growth factor has been reported earlier (l2I)'

To purify cGF to homogeneity, the purification procedure has

been extended to include the following sequence of steps '

The ammonium sulfate extract was subjected to Sephadex

G-I00 chromatography (Fig.B) " The pituitary-derived growth

factor co-eluted with proteins of high molecular weight

after the void volume but before growth hormone. These

fractions were pooled and chromatographed on hydroxylapatite

(Fig.9). As shown in Fig.9, the bulk of the mitogenic

activity eluted with lM NaCI in 0.0ltvl sodium phosphate as

buffer. The fractions containing CGF activity were pooled

and an ariquot examined on isoelectric focusing (Fig'10)'

The pI of 7.9 was similar to that found previously for cGF.

Further purification was achieved by subjecting the

hydroxylapatite pool to DEAE Affi-GeI Blue chromatography

(Fig.1l). The peak of activity eluted with lM NaCl in 0.02M

Tris-HCI. Again, the pool containing cGF was analyzed on

isoelectric focusing (Fig .L2). The activity was found in gel

eluants with a pI of 7 .6. The IEF gel segment containing CGF

activity was analyzed by SDS geI electrophoresis (Fig.l3)'

The protein pattern after electrophoresis revealed a single

protein with a molecular weight of 43'000. Upon treating the

sample with B-mercapotethanol, there was an apparent
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Fig .8 . Elution profile of CGF from Sephadex G-l00. The

ammonium sulphate extract (750 rnl, 65 g total protein) was

applied to a 12 1 Sephadex c-100 column (1I5x12cm,

equilibraLed in 0.011,1 Tris-HCI, pH 8.5 ) and 20 ml f ractions
were collected. An aliquot of every tenth fraction was

diluted 1:10 with medium, filter-sterilized, and tested by

adding an equar volume of 100 pr per dish. Those fractions
containing growth factor activity (fr,#90-320) were pooled

for further purification , absorbance at ZBO nm;

CGF activity.
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Fig .9. Elution profile of CGF activit y from hydroxylapatite.

The Sephadex c-I00 pool (4.1 I, 13.I2 g total protein) was

applied onto a column of Bio-Gel HTP (52x7cm) equilibrated
in 0.01M sodium phosphate buffer (pH 7.2) and the unadsorbed

fraction collected. The adsorbed material was eluted by the

stepwise addition of: A, 0.lM sodium phosphate (pH 7.2)¡

and B, lM NaCI in 0.01M sodium phosphate and 20 mI fractions

collected. An aliquot of every tenth fraction was diluted
l:I0 with medium, filter sterilized and tested by adding 100

pl/disn in the RFC bioassay. Those fractions containing CGF

activity were pooled (fr.#384-400) for further purification"

, absorbance at 280 nm; , CGF activity"
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Fig.11. Elution profile from DEAE Affi-Gel BIue

chromatography. The HTP pool (340 ftI, L24.8 mg protein) was

appried onto a DEAE Af f i-Ger Blue corumn ( 30x5 crrìr

equilibrated with 0 .02M Tris-HCl, pH 7 .2) . The adsorbed

material was eruted by the stepwise addition of: A, 0.r5M

NaCl i.n 0.02M Tris-HCl pH 7.2¡ B, 1.0M NaCt in 0.02

Tris-HCl; and C, 0.5M sodium thiocyanate. Twenty ml

fractions were corrected and tested using an equaj- volume of
100 Fr/disn. Those fractions containing mitogenic activity
(fr.#93-108) \¡/ere pooled for further purification. 
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rig. 12 . Analvsis of the DEAE Affi-GCI Blue pool on
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rig .13 . SDS-polyacrylamide ge1 electrophoret attern of
qGF. The IEF gel segment corresponding to CGF act.ivity was

cut out of the gel and the protein eluted out, concentrated,

and applied to SDS-PAGE. The gel was stained for proteins

with the silver stain. Standards, 67K, bovine serum albumin;

43K, Ovalbumin; 30K, carbonic anhydrase; 20.lK, soybean

trypsin inhibitor; 14 .4K, C -Iactalbumin.

MW

67K

43K CGF

30K

20.1K

14.4K

- f
T

Il

'j

+
MERCAPTOETHANOL
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increase in molecular weight of the protein ' implying that

after reduction of intra-chain disutfide bonds the molecule

had unfolded and migrated through the gel at a slower rate.

The stained proteins running in the dye f ront \^¡ere most

likely t.he ampholines from the IEF gel segment. Even minute

quantities of these low molecular weight proteins would be

detected by the silver stain which is sensitive in the

nanogram range.

The DEAE Affi-GeI Blue pool was further purified by

chrornatofocusing (Fig.14) . In chromatofocusing, a gradient

of pH 9-6.5 was used since prevíous results from analytical-

isoelectric focusing had estimated the pI of CGF to be

7 .6-7 .9. The linear pH gradient was formed in the

chromatofocusing column as shown in Fig.14. The peak of CGF

activity eluted at a pI of 7.8.

The pooled fractions representing each step of the

purification htere analyzed on SDS gel electrophoresis

(Fig.I5 ) and tested at various concentrations in the

chondrocyte bioassay (Fig.16). The most acLive preparation

of CGF was mitogenic in a dose-dependent manner down to I

ng/mL with half maximal stimulation at 4.5 ng/ml. Final

recovery of mitogenic activity was 32.68 with an estimated

24,00O-fold purification (Table 7). The total recovery of

32.6t appears to be a fairly high value" After the first

chromatography step on Sephadex G-100' 99.8t of CGF activity

was recovered. The originat extract most likely contains

inhibitory or toxic substances as well as growth promoting
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Fig.l6.

dur inq the purifica tion procedure. The pools representing

each step of the purification $¡ere tested at varlous

concentrations in the chondrocyte bioassay. o-o (NH4 ) zSOa

extracti A---À , Sephadex G-I00 pool ¡ L---L ' HTP pool;

tr-tr , DEAE Af f i-Gel Blue pool; I --- I , chromatof ocusing

pooI.



TabIe 7. Purification of chondrocyte growth factor from human pituitary gland.s.

Purification step Protein recovery
(ns )

Specific activity
(units/mg protein)

Purification
factor

Activity recovervounits +g

Pituitary homogenate 6.51 x10 4 6.25xI0 5 100 9.6

Sephad.ex c-t00 1. 3I2x10 4 6.24x10 5 99. B 4B

Hydroxylapatite L24.8 2.42xL05 38.7 1. 9 4x10 3

DEAE Affi-Gel BIue 5.1 2.33x10 5 37 .3 4.57x10 4

Chromatofocusing 0 -92 2.04x10 5 32"6 2.22xL0 5

*Protein was quantitated by the Bio-Rad Protein Assay
oon" unit of activity was estimated using the half-maximal stimulation value
(509) of the dose response curve for the original extract (Fig"16).
*Th" ?. activity recovery for
the pituitary homogenate "

I

5

200

4,800 o\
Or

24,000

each step was calculated as tot.al recovery from
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factors and the results of the bio-assay would be a

summation of the effects of these factors on chondrocyte

proliferation. T-f the inhibitors have been separated from

cGF during the chromatography step, this would allow cGF to

maximally stimulate chondrocyte proliferation and thereby

increase the t recoverY value.

II. Effects of CGF on Chondrocvte Prolif eration I vitro

chondrocyte growth factor is a very potent mitogen in

the rabbit fetal chondrocyte bioassay. As tittte as I ng,/mt

CGF stimulates chondrocyte proliferation even in the

presence of 10t FBS. Although rabbit fetal chondrocytes were

used routinely in the bioassâY, chondrocytes obtained from

various sources were cultured and tested as welI. Adult-

rabbit ear and patellar chondrocytes as well as chondrocytes

obtained from the articular surface of the adult human

patella proliferated when stimulated by CGF (Fig.l7). These

results indicated that CGF was not only mitogenic in the RFC

bioassay but also when chondrocytes from different species

were cultured. Chondrocyte Growth Factor did not

preferentially stimulate fetal chondrocyte proliferation '

but also promoted adult chondrocyte growth as well.

To determine the response of a number of cell types to

CGF, the DEAE Affi-GeI Blue pool was added to the following

cell lines in culture t 1-47D, tvtcF-7 | ZR-7 5-l ' BT-20 |

MBA-1"18-231 ( human breast cancer cell Iines ) and HBL-I00

(non-cancerous human mammary cell Iine) "
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These cells are routinely cultured in DMEM medium

supplemented with glucose, antibiotics and l0t FBS. At this

serum concentration, celI growth is optimal and ceIl numbers

will increase 8-9 fold at the end of the 6-day bioassay. To

see an effect in response to the addition of a growth

factor, it is therefore necessary to slow the growth rate of

these cells by either decreasing the serum concentration or

by culturing the cells in defined medium. The bioassay v¡as

carried out by culturing these cell types in DMEM

supplemented with It BSA. As shown in Fig.IB, celI number

doubled in the I-47D and t"tCF-7 bioassaY, but only at the

highest concentration of 26 P9/mt CGF. A higher

concentration of CGF was required for cell proliferation to

reach the half-maximal value. These results suggest that the

growth factor activity in the T-47D and MCF-7 bioassays was

not CGF but an impurity present in low concentrations in

the cGF preparation. In a comparable rabbit fetal

chondrocyte bioassâY, the concentration of CGF (from DEAE

Affi-Gel Blue pool) required for half maximal stimulation

was 22 ng/mI. Since the chondrocytes are cultured under:

optimal conditions in the presence of I08 FBS' the increase

in chondrocyte celI number is most Iikely not due to the

addition of a nutrient but due to the potent

growth-promoting effect of CGF. Whether CGF is mitogenic in

other celI assays remains to be established.
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III. Identification of a CGF-like Factor Secreted from

Human Pitu itarv Fraqments in Culture

Although the Source of cGF is the human pituitary, it

remains to be established whether the pituitary is the site

of synthesis and secretion or just a storage site for cGF'

As there is no RIA for CGF availabte at this time, it is not

possible to measure the tissue content of cGF or the direct

release of CGF either in vivo or in vitro. To determine

wheLher a cGF-lÍke factor was being secreted from the

pituitarygland,pituitarytumorfragmentsobtainedfrom

patients with acromegaly, prolactinomas ' ACTH-secreting

tumors or non-functional adenomas were placed into organ

culture as described in the methods section (Fig.6). The

results of these experiments are shown in Fig. 19 ' 20 and 25 
"

Regardless of histological origin, tumor fragments secreted

a potent mitogen which stimulated chondrocyte proliferation'

This effect was not only seen from medium conditioned by

tumor fragments in organ culturer but also from medium

conditioned by piluitary tumor celIs in primary monolayer

culture ( Fig .208 ) , implying thaL a pituitary cell \^Ias the

source of cGF synthesis and secretion. whether the

production of cGF is unique to pituitary cells is not known.

However, media conditioned by other cell types such as

¡4CF-7 ¡ T 47-D (human breast cancer cell lines ) , IM-9 ( a

lymphocyte ceII line) and Nbz (a lymphoma cell line) failed

to stimulate the growth of chondrocytes ( Fig .21) .

Blood Ieaking into the surgical field after
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with IOt fetal bovine serum (on day 0 prior to receiving the

tumor specimen from surgery). On day Ir the tumor tissue

was cut into lmm3 pieces and 6 pieces placed on each raft

(siliconized lens paper lcm2). One, two or three rafts \^rere

carefully floated on top of the medium, containing

chondrocytes attached to the bottom of the dish. on day 6,

the rafts were removed, the cells detached by trypsinization

and ceLl number determined using a Coulter Counter. Values

represent the mean of duplicates. The control group (C) were

cells cultured in 10t FBS only. A and B' prolactinomasi C

and D, non-functional adenomas.
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adenomectomy is known to contain high concentrations of

pituitary hormones. venous blood collected in the sella at

the time of removal of GH-secreting tumors, prolactinomas or

GH/PRL secreting tumors (TabIe 8) was tested for mitogenic

activity in the RFC bioassay. The serum samples appeared to

contain varying amounts of growth factor activity as shown

in Fig .22. samples I and 3 were particularly potent 
'

stimulating chondrocyte growth in a dose-dependent manner

down to 5 ¡rI/mI. Of interest v¡as that these serum samples

were among those which had the lowest concentrations of GH

and PRL (Table B ) . Serum samples no.5-7 contained less

activity since higher sample volumes were necessary for

stimulating cell proliferation" Serum samples no.2,4, 9-10

had tittle or no mitogenic activity. A peripheral serum

sample from one of the patients collected at the same time

served as a negative control. The observation that serum

draining the pituitary is more mitogenic than peripheral

serum is indirect evidence that the growth factor is present

in higher concentration' suggesting that pituitary tissue

may secrete a CGF-Iike substance.

In an attempt to characterize the mitogenic activity' a

crude extract of pituitary tumor fragmentsr venous serum

samples from the hypophyseal blood samples and condítioned

medium htere subjected either to isoelectric focusing or to

Sephadex G-I00 column chromatography. All three samples were

analyzed on IEF (Fig.23) and tested in the RFC bioassay

(Fiq.24). Growth facLor activity co-migrated with proteins



77

Mean levels* of GH and PRL in venous serumTable B.

collect,ed at the site of surgery during adenomectomv.

Sample No. hcH (nq,/ml) pRL (nq,/ml)

1

2

3

4

5

6

7

B

9

35,

7,

L,
3I,

4

000

510

000

BO

650

000

240

000

000

5

58,000
45

340

2B

32,000
5,000

110

32,000
5 t20010

26,
40,

*hGH and PRL concentrations were det.ermined by RIA
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Protein pattern of serum collected from the

vascular bed, extracts of human pituitary tumor

A
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ì

TR

fragrments and conditioned medium. A. IEF pattern of: VS;

Venous serumt PS, Peripheral serumi and T, Pituitary
tumor tissue homoqenate. Medium conditioned with either
I raft (Rt), 2 rafts (R2), or 3 rafts (R3) of human

pituitary tumor tissue \,ras prepared as described in

the Methods section 3rd. The medium was dialyzed, con-

centrated and applied to isoelectric focusing. B,

Autoradiogram of: T, Pituitary tumor tissue homogenate i

R, Conditioned medium. Growth factor activity rú¡as assoc-

iated with a protein (s) staining in gel segments 15 or L6

which corresponded to pI 7 .6 7.9 (see Fig.24) .
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fragments $Iere homogenized in 0.15M (NH4 ) 2SO4 and the

clarified supernatant applied to analytical isoelectric

focusing. AII samples were tested at 100 ¡rl/dish. .-o I

gradient; O --- O, blank control; l-l CGF-Iike activity. B.

Venous serum and 1Çr conditioned medium ( from GH-secreting

tumor fragments) vtere also analyzed on IEF. E ---tr , PH

gradient; o-o , CGF-Iike activitY.
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in gel segments 15 or L6, corresponding to a pI of 7 .5-7 .9 "

On the basis of its PI, it appeared that the growth factor

activity etas the same as CGF isolated from normal

pituitaries. As seen in Fig.23, there was an increase in the

staining intensity of the band corresponding to CGF-like

activity when medíum was conditioned by an increasing number

of tissue fragments (ie., Lt 2 or 3 rafts). This staining

pattern was also noticeable in the venous serum sample and

the homogenized tissue extract. In addition to the CGF-like

factor, conditioned medium appeared to contain another

mitogen of pI 6.4 but the identity of this factor is

unknown.

A venous serum sample collected from the pituitary bed

of a patient with acromegaly contained L2.7 mg/mL GH and

1000 ng/mL PRL while peripheral serum conLained /mI GH and

/mL PRL. The pituitary serum sample was unusually

mitogenic in the RFC bioassay (Fig.25). The addition of I00

ut/dish (or 50 ul,/ml) caused a 1O-fold increase in celI

number. Growth factor activity (as seen by a doubling in

cell number) was detectable by adding as Iittle as a I:I0

dilution of I ul/dish to the chondrocyte bíoassay. The pI of

the gel eluant fotlowing isoelectric focusing which

contaíned maximal activity was 7.9 (Fiq.24C) . Conditioned

medium from the same tumor sample stimulated a 2.3 fold

increase in cell number. The protein concentration of that

sample was so low it was not measurable by the Bio-Rad

protein assay (microassay procedure) which is sensitive from
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L-20 pg/nt protein. In comparisonr Pêfipheral serum did not

stimulate cell Proliferation.
The cGF-Iike activity in this serum sample from the

pituitary was further characterized by applying a 5 ml

sample onto a Sephadex G-]00 column. The elution profile

shown in Fig.26 was typical of that of CGF with the peak

activity co-eluting with proteins of MW 40'000'

IV. Effects of CGF on Chondrocvte Prolif eration in vlvo:

Swarm Chondrosarcoma Studies

The observation that cGF was a potent promotor of

chondrocyte g rowth in vitro raised the question if CGF would

be as effective a growth factor in stimulating chondrocyte

proliferation in vivo. The Swarm chondrosareoma model

appeared to be a good candidate for testing the biological

effects of cGF in vivo. The tumor, composed of immature

chondrocytes, was easi ly maintained by subcutaneous

transplantation and its growth was dependent upon hormones

and growth factors (I23-126).

The animals in the control group were injected with

sterile injectable water, the vehicle in which hGH was

dissolved. Human growth hormone used in this experiment was

purified in our lab (9Bt pure compared to WHO standards)"

since cGF was only partially purified at this time, a pool

of the most active fractions from hydroxylapatite

chromatography was used as the source of cGF. The HTP pool

was dialyzed against double distitled water and concentrated
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to a final protein concentration of 500 Fg/ml. The

CGF-treated rats received in jections of 250 ¡tø/0.5 ml twice

daily ( 9 a.m. , 9 p.m. ) . Since the HTP pool being in jected

contained a 20 ng/mL hGH (as measured by RIA) ' one group of

animals received two injections of I0 ng GH/0.5 ml daily

( see Table 6 ) .

The effects of hGH and CGF on body weight gain and

increase in nose-to-tail length are seen in Fig.27 and 28.

The hormone treatment had little effect on body weight and

Iength in the normal rats. There appeared to be a trend'

although statistically insignificant, that CGF caused an

increase in both body weight and length. As expected' hGH

treatment of the hypox rats caused an increase in both body

weight and nose-to-taiI length. The CGF-injected rats also

increased in size when compared to the controls. There was

no significant difference, however, between the hGH and

CGF-treated groups" The standard deviation within each grotlp

was very large and several factors may have contributed to

the variation. The number of animals per group was small'

making variations within the group more significant. Perhaps

the concentration of CGF in the HTP pool $/as too low to see

an effective increase in body weight. These experiments need

to be repeated with a more pure preparation of CGF. Hypox

rats are very sensitive to environmental conditions and

fluctuations in temperature and inconsistent feeding habits

may be factors to consider when examining the marked

variation in weight changes within a given group.
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Liver, Iung, kidneys, spleen and testes weights were

compared to establish whether hGH or CGF treatment had an

hypertrophic/hyperplastic effect on these tissues. There

$rere no significant differences in organ weight between the

normal and hypox groups as well as between the

hormone-treated hypox groups.

The effects of CGF and hGH on chondrosarcoma growth is

shown in Fíg.29 " Chondrosarcoma weight tripled in the

CGF-treated normal rats compared to the GH-treated animals.

The chondrosarcomas were vascular ízeð. at t.his t-ime and

appeared as firm, well-defined tumors. The tumors in the

hGH-treated rats appeared as disorganized patches of tumor

tissue with poor vascularization. Growth hormone appeared to

inhibit. tumor growth in the normal rats atthough this

inhibitory effect was not seen in the hypox animals. Again'

due to large standard deviations, CGF did not appear to

significantty increase chondrosarcoma weight in the hypox

rats although mean tumor weight was greater than that of the

controls. The tumor also appeared to be a more well-defined,

firm mass in the CGF-treated rats.

These preliminary results demonstrate that chondrocyte

growth factor significantly slimulated the rate of

chondrosarcoma growth in normal Sprague Dawley rats. To

determine whether CGF increases body weight' tibial length'

nose-to-tail length, etc., these experiments will need to be

repeated v/ith a more pure preparation of CGF. These data do

not eliminate the possibitity that CGF may have other

important physiological effects in vivo.
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Discuss ion

I Purification and Characterization of CGF

chondrocyte growth factor is a pituitary-derived growth

factor that has been identified and purified on the basis of

its mitogenic action on rabbit fetal chondrocytes. It is

unlikely that the effect of cGF is correcting a deficiency

in the culture medium because: i) it stimulates celI

proliferation of chondrocytes cultured under optimal

conditions in the presence of l0t FBS and ii ) cGF is

mitogenic in a dose-dependent manner down to I ng/ml.

partial characterization has shown CGF to be trypsin and

heat sensitive (t00oC, l0-15 min.) and acid IabiIe (f21)"

cGF, with a l4w of 43,000 and pI of 7.6-7.9 seems to be a

major component of mitogenic activity in the human pituitary

gIand.

The possibility that there are other growth factors in

the pituitary homogenate is shown by the broad peak of

mitogenic activity on sephadex G-I00. Earlier results (I2I)

had shown that a small amount of growt.h factor activity with

a pI 9.0 was also present in the pituitary. This mitogen'

however, was not detected during subsequent purification

procedures, indicating that it had been selectively removed'

As seen in Fig.l6, the maximum growth stimulation in the

original hdmogenate and the Sephadex G-100 pool is greater

than that caused by active fractions obtained at subsequent

purification steps. This may be an indication that there are
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factors present which may act in addition to, or

synergistically with' CGF.

Chondrocyte growth factor appears to differ from other

pituitary hormones. Preparations of hGH' PRL' LH and FSH as

weII as oxytocin and vasopressin were not mitogenic in the

RFC bioassay over a range of concentrations (5-500 ngrlml)

whereas CGF was active down to I ng/ml (I21). The Iarge

molecular weight of CGF also excludes the possibility that

it may be one of the known pituitary hormones. These

results, however, do not eliminate the possibility that CGF

may be related to one or other of the known pituitary

hormones or that one of the pituitary hormones may be a

proteolytic product of CGF.

As the amino acid sequence of CGF is not known, it is

difficult to determine the homology, if anY, of CGF with

other growth factors. CGF appears Lo be unlike any of the

purified and well-characterized mitogens " Unlike the

somatomedins and EGF, CGF is acid labile. Its high molecular

weight of 43'000 and pI of 7.6-7"9 distinguish it from EGF

(Mw 6t045, pI 4"6 <137>) and the somatomedins (Table l) as

well as acidic FGF (MW 16,600, pI 5.8 <138>) and basic FGF

(Mw 13,400, pI 9.5 <98>). Platelet-derived growth factors I
(MW 32,000) and II (MW 35'000) díffer from CGF in that they

are acid and heat stable and that both forms are reduced to

two inactíve chains of Mw l5 
' 
000 and 18 

' 
000 and lvlw I5 

' 
000

and I6r0O0 respectively (7I). CGF was not reduced into

subunits by the addition of B-mercaptoethanol. Instead CGF
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appeared to unfold in the presence of B-mercaptoethanol and

therefore have an apparent higher molecul.ar weight.

cGF also differs from other pituitary-derived growth

factors (Tables 2-4) on the basis of molecular $¡eight, PI,

or stability to heat treatment and acidic conditions. Glial

growth factor, endothelial growth factor and adipocyte

growth factor are most similar to CGF in that aII three are

peptides of hiqh Mw" However, gliat growth factor is heat

resistant (CGF is heat labiIe) and adipocyte growth factor

is a more basic peptide (pI 9.8-10.3) than cGF (pI 7.6-7.9)"

These results do not eliminate the possibility that these

factors are related in structure or function. An impurity in

preparations of LH and TSH \¡las found to be mitogenic in a

rabbit chondrocyte bioassay. The nature of the mitogen was

not characterized and the possibilit,y of this factor being

CGF therefore can not be dismissed.

whether cGF is related to one of the cartilage- or

bone-derived growth factors is not known. The unambiguous

determination of either uniqueness or homology of CGf' to

other hormones or growth factors requires a comparison of

strucLure ("g; amino acid sequence) as welI as function (eg;

actions on target tissues).

with Lhe identification and purification of cGF a

number of questions might be posed regarding its biological

importance and possible clinical significance. As shown in

Fi,g.L7 , CGF not only stimulates rabbit f etal chondrocyte

proliferation but it is also mitogenic in adult rabbit ear
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and patel lar as r^/el I as human patel lar chondrocyte

bioassays. It was interesting to note that the rabbit

patellar chondrocytes appeared to be more responsive to CGF

in that half maximal stimulation occured at 8 ¡ø/mf compared

to 32 yø/nL for both rabbit fetal (articular) chondrocytes

and rabbit ear chondrocytes. These results suggest that

chondrocytes from different types of cartilage may vary in

their responsiveness to CGF stimulation. Since only a crude

preparation of CGF (Sephadex G-}00 poot) was used, these

experiments need to be repeated with a more pure preparation

of CGF. If these results are consistent, then rabbit

patellar chondrocytes could be useful as a more sensitive

bioassay for CGF"

The results from organ culture of pituitary tissue \dere

of interest. A cGF-Iike factor was secreted by both

pit.uitary tumor fragments in organ culture and by pituitary

tumor celIs in primary culture (Fiq.19'20). This factor was

similar to CGF because chondrocyte proliferation was

stimulated and the factor had a pI of 7 .9, a value

comparable to the pI of CGF (Fig -248).

The growth factor activity in the blood sample

collected at the site of surgery was also CGF-like' having a

molecular weight of 40,000 (Fiq.26) and a pI of 7.9

(Fiq.24C). A note of caution must be taken in assuming the

blood sample collected was of venous origin. There may have

been some arterial blood contamination, for example, from

the inferior hypophyseal artery. Even though there is a
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screen on the suction device, minute pituitary tissue

fragments may have passed through the screen into the blood

sample, thereby contributing to CGF activity in the sample.

Pituitary hormone concentrations are known to be a

thousand fold or greater in the hypophyseal portal system.

In this particular case GH levels of L2.7 mg/m] and PRL

levels of 1000 ng/mL (as measured by RIA) were found in the

serum collected at the site of surgery. These extremely high

hormone levels suggest that the source of the blood sample'

and consequently cGF activity, was primarily due to

pit.uitary venous ef f luent and not due to arterial

contamination or tissue homogenate" CGF, therefore' appears

to be synthesized and secreted by pituitary celIs.

Several clinical observations in this patient's history

are noteworthy. The GH levels in the serum collected at the

site of surgery reached the astronomical level of L2.7 mg/ml.

(the RIA was repeated 3 times to confirm this result). The

tumor was large and descended into the sphenoid sinus "

Adjacent to the tumor there appeared to be a tumor-Iike

thickening of the bone and the x-rays showed the skull to be

æl inch thick. It would be tempting to hypothesize that CGF

acting in addition to, or synergistically with, GH resulted

in bone hyperplasia (near the site of the pituitary tumor)

and increased thickening of the skull. In summary' CGF

stimulated chondrocyte proliferation in vitro and it.

appeared that cGF was synthesized and secreted by the

pituitary gland"
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The next question raised v¡as: does CGF affect

chondrocyte proliferation in vivo. Preliminary results have

indicated that daily subcutaneous injections of CGF

significantly enhanced the growth of Swarm chondrosarcomas

transplanted into normal Spraque-Dawley rats, The

CGF-treated hypox rats also increased in weight and

nose-to-taiI Iength compared to the controls although there

were no significant differences between the hGH and CGF

treated groups. The hGH used in this experiment was a highly

purified preparation whereas the source of CGF was the HTP

pool. The effects of CGF in stimulating growth may be more

significant if a more pure preparation of cGF is used.

The 3-fold increase in tumor weight in the CGF-treated

normal rats was the first demonstration of a biological

effect of CGF in vivo. The tumors in CGF-treated rats were

firm and well-defined compared to those found in the

GH-treated animals. The shiny nodular surface and

lranslucent pale pink color was typical of the

chondrosarcoma.

The apparent inhibitory effect of hGH on chondrocyte

proliferation in the normal rats was not seen in the

hGH-treated hypox rats. Redding and Schally (L26) had

previously reported that chronic administration of LH-RH

(either in the native form or analogues of LH-RH) Ied to

decreased responsiveness of the pituitary, Iowered serum
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levels of LH and FSH, inhibition of gonadal steroid

secretion and eventually regression of the chondrosarcoma"

Chronic injections of somatostatin depressed serum PRL' GH

and ACTH levels and caused inhibition of chondrosarcoma

gro\^¡th. The ef fects of LH-RH and somatostatin were additive.

It is possible that hGH (200 lt9/day for 4 weeks) led to down

regulation of receptors and ultimately to a decreased

responsiveness of the GH-dependent chondrosarcoma to GH and

somatomedin. This may have caused the inhibition of tumor

growth. The administration of hGH over the 4 week period

also raised antibody levels to GH and may have decreased the

rate of tumor growth by this mechanism.

II. A Possible Role for CGF in vivo

cGF stimulates chondrocyte growth in vitro. It appears

to be synthesized and secreted by the human pituitary gland

in organ culture, and it promotes chondrosarcoma growth in

vivo. As the basic facts about CGF emerge, it becomes

necessary to establish where CGF fits in relation to other

hormones and growth factors and what its physiological

contributions miqht be in health and disease" ultimately'

questions such as: i ) where does CGF fit into the

GH-somatomedin hypothesis; ii ) what is the relationship

(structure and function) of CGF to other growth factors eg"

FGF, EGF, or PDGF; iii) is it the same or similar to an

oncogenic product which has allowed celIs to bypass the

restriction point and result in abnormal cel1 growth; iv)
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what is its mechanism of action in the cell cycle, need to

be answered.

Growth hormone appears to have a direct influence on

cartilage growth as well as stimulating the production of

somatomedins which in turn accelerate cartilage growth. CGF

may contribute to this process by acting in addition to, or

synergistically with GH and directly stimulating growth or

by being structurally related and therefore having similar

biological actions.

Others have hypothesized that the pituitary gland

synthesizes and secretes growth factors other than GH that

are involved in the growth process. Ellis et aI. (63) has

shown Lhat a form of bioassayable bovine pituitary growth

hormone could be extracted with ratios of bioassayable to

immunoassayable activity on the order of 1000 or more. A

similar factor (MW 60r000-80r000) was detected in human

plasma. There was very little or no somatomedin-1ike

activity in these fractions. In "catch-up" growth, despite

Iow serum hGH levels, somatomedin levels are normal. The

factor(s) which led to normal somatomedin production and

which influenced linear growth are unknown.

In patients with acromegaloidism, GH and somatomedin

Ievels are normal or lower than normal. Ashcrof t .g!--tl. (66)

have demonstrated that GH stimulates the proliferation of

circulating primitive erythroid precursor cells. Using this

assay system, they identified a serum factor (MW 70'000 and

pI 7.5) that was as effective as GH in stimulating colony
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growth of the erythroid precursor cells. The growth factor

also stimulated erythroid precursor cells of a Laron dwarf

whose cells were unresponsive to GH treatment. The increased

bioassayable activity described by EIlis et aI . ( 6 3 ) ,

"catch-up" growth and acromegaloidism may be the result of

several growth-promoting factors or they may result from the

multiple actions of a single growth factor. Whether CGF is

related to this factor(s) remains to be established.

As seen in Fig.19D, pituitary tumor fragments seereted

a growth factor into the medium which, in turn, stimulated

chondrocyte proliferation. Growt.h hormone was ineffective in

the bioassay since concentrations of 5 ng/mL to 50 ¡:ø,/m1. did

not cause an increase in cell number. It was interesting to
note that this particular patient first presented with a

chondrosarcoma and was subsequently found to have a

non-functional pituitary adenoma. These observations may

have been coincidental or the pituitary tumor may have

synthesized and secreted a factor which was, in part,
responsible for promoting chondrosarcoma growth.

The homology, if âoyr of CGF to other hormones and

growth factors will be unambiguously answered once the amino

acid sequence is known. The growth factor FGF is
particularily interesting since it is also derived from the

pituitary and at least one of its biological actions, ie.
its mitogenic stimulation of chondrocyte proriferation, is
the same as that of cGF. since FGF has a rower morecular

weiqht than CGF, it is possible that FGF may have been
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cleaved from a larger peptide (CGF'? ) by a proteolytic
enzyme.

Pituitary hormone secretion is regulated by

hypotharamic rereasing and/or inhibiting factors. Assuming

that CGF and FGF are secreted from the pituitary may imply

that additional hypothalamic factors exist which control the

rate of secretion of these two growth factors. of course,

the known rerease/inhibítory factors may modurate the

secretion of these two putative hormones.

rn the circulation there exist two known crasses of
growth factors which regulate the cerr cycle, namery

competence or progression factors. cGF courd act either as a

competence factor Ín making the cerr competent to enter the
cerl cycle or as a progression factor in stimurating the

cerls to progress into the s phase" The mechanism, however,

by which growth factors initiate DNA synthesis is stilr
unclear.

Recently, the association between growth factors and

oncogenes has provided new insight into the role of growth

factors in abnormal cell growth. Doolittre et ar. (l3l) had

determined the amino terminar sequences of PDGF and were

searching for homorogies between these and other protein
sequences. Unexpectedly, a comparíson of the PDGF

amino-terminal seguence with the seguence of p2g sis, a

product of the v-sis onc gene, reveared a striking
similarity between these two proteins. They included that;
i ) the transforming protein and PDGF were derived from the
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same or closely related cellular genes and ii) the mechanism

by which the v-sis onc gene transformed cells could undergo

uncontrolled growth v¡as by producing a protein whose

sequence was similar or identical to that of a known growth

factor. Since the v-sis onc gene corresponds to a cellular

gene encoding a protein with known physiological function'

this homology may exist between onc genes and cellular genes

encoding for other known growth factors.

III. Future Studies

The purification of CGF to apparent homogeneity now

makes it possible to answer some of the fundamental

questions concerning its biological effects and possible

clinical significance. Preliminary work has suggested the

CGF may act as a regulatory factor in stimulating

chondrocyte proliferation. The first criterion proposed by

Pardee et al. ( 1I8 ) that regulatory factors and not

nutrients are required for traversing the Gt phase of the

cell cycle appears to hold true for CGF. Chondrocyte gr:owth

factor stimulated the prol.iferation of chondrocytes in a

dose-dependent manner down to I ng/ml CGF with a

half-maxima.I effect at 4.5 ng,/ml. Since the chondrocytes

are cultured under optimal conditions in the presence of 10t

FBS, the increase in chondrocyte ceII number is most Iikety

not due to the addition of a nutrient but due to the potent

growth-promoting activity of CGF. Preliminary results have

also indicated that CGF is synthesized and secreted by
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pituitary cells and that CGF promotes chondrocyte growth

(Swarm chondrosarcoma) in vivo. A relatively impure

preparation of CGF (the HTP pool) was as effective as highly

purified hGH in stimulating body weight gain, increase in

nose-to-tail length and chondrosarcoma growth in the hypox

rats. These results suggest that CGF present in low

concentrations, is effective in stimulating chondrocyte

growth under normal physiological conditions.
The third criterion states that transformed ceIIs can

selectivery lose a growth factor requirement. Removing EGF

from CHE.F/L6 (transformed Chinese hamster embryo

fibroblasts) causes these celIs to arrest at Go/Gt. They

selectively lose their requirement for EGF but not for
insulin (I1B). It is possible that a population of ceIIs
that require CGF under normal conditíons may not need CGF

activity to stimulate cell proliferation after they have

undergone transformation.

The following list outlines several future studies

which could be done in attempting to elucidate the

physiological significance of this novel pituitary-derived
hormone/growth factor :

f) The development of an RIA/RRA" The bioassay served

as a useful method in detecting CGF activity. A more

specific assay is no$¡ necessary to measure CGF levels. We

are currently in the process of raising polyclonal

antibodies ( to CGF from isoelectric focusing and

chromatofocusing) in rabbits to be used for the development
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of an RIA or RRA. With either assay, it \^7ould be possible to

measure cGF levels specifically during purification, in

conditioned media and in serum. As weII, antibodies to CGF

(chromatofocusing pool) are being generated in mice to

develop specific monoclonal antibodies. These would be most

useful for immuno-histochemical studies.

2) The chemistry of cGF. once the amino acid sequence

is available, CGF would be compared to the known sequences

of other pituitary hormones and growth factors. Chondrocyte

Growth Factor could be closely related to GH or perhaps F'GF

since all three are derived 'from a common tissue source ol:

since they have similar biological actions in stimulatinq

chondrocyte proliferation.

3 ) The tissue distribution of cGF. Monoclonal

antibodies to CGF could be used in immuno-histochemical

studies in pinpointing which pituitary celIs contain

immunoreactive CGF. If CGF is secreted' one would expect to

find CGF sequestered in secretion granules within the cell.

The pituitary is the current source of CGF' however there

may be other tissues which also synthesize CGF-like growth

factors.

4) Species specificity of CGF. The RIA/RRA would be

instrumental in determining whether pituitary glands from

other species (eg. bovine, ovine, porcine, rat) produce CGF

and whether it is similar or the same as human pituitary CGF

in structure and function.

5) The regulation of synthesis and secretion of cGF"
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which factors or physiological conditions stimulate or

inhibit cGF production? Is cGF secretion under hypothalamic

control as other pituitary hormones are?

6) Receptor studies. The receptor assay would be

invaluable in determining which tissues have receptors for

cGF. Once these tiSsues are identified, immunohistochemical

techniques could be used to study which cells in the tissue

vrere the target cells for cGF' the ontogeny of receptors'

their rate of turnover, the fate of receptors and their

mechanism of action. It is also possible that other hormones

or growth factors may cross-react with the cGF receptors if

they are similar in their three-dimensional configuration"

7) Biological effects of cGF. At the cellular level,

does cGF mediate its action by increasing cellular cAMP

levels and inducing phosphorylation of a protein kinase or

other proteins? Does it. stimulate matrix, collagen or

chondronectin synthesis? Does it influence cell division at

the nuclear level? Preliminary results have indicated that

CGF stimulates chondrosarcoma growth in vivo. The mechanism

by which cGF stimulates chondrocyte growth is not known- Its

actíon could be directly at the chondrocyte cell surface or

it. could be through an intermediary growth factor.

8) The molecular biology of cGF. In the pituitary' GH

is present in milligram quantities, PRL is present in

microgram quantities but cGF is not as abundant, being

present in nanogram quantities. using recombinant DNA

techniques, it. is theoretically stilI possible to study the
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gene regulation of a protein which is present in low

amounts" The first 30 amino acids at the amino terminus of

CGF could be determined using the chromatofocusing pool as

the source of CGF. The sequence would serve as a template to

predict the corresponding nucleotide sequence of mRNA. Short

DNA fragments to that mRNA would be chemically synthesized

and used as a probe for complementary cellular mRNA (139).

This method of working backward from the protein to the gene

would make it possible to study the structure and regulation

of the CGF gene.

9) The clinical significance of CGF. Ultimately it. is

essential to determine the significance of CGF in health and

disease. What are the circulating levels of CGF in healthy

individuals? When is CGF first detect.ed in serum and do CGF

Ievels rise during the growth spurt? Are CGF levels growth

hormone-dependent or independent, are they higher in

patients with acromegaly and lower in pituitary dwarfs? Does

CGF stimulate somatomedin production? Are chondromas or

chondrosarcomas the end result of a viral oncogene which

induces the production of a CGF-Iike factor?

The list could go on" It is exciting to speculate on

the physiological role and clinical significance of CGF.

This novel pituitary-derived growth factor potentially could

be an integral step, along with other hormones and growth

factors, in regulating the complex process of growth.
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IV. Summary

1. The human pituitary gland is the source of CGF, a

growth factor which appears to be distinct from other

pituitary hormones.

novel

known

2. CGF has been purified to apparent homogeneity using the

following chromatography steps: Sephadex c-100,
hydroxylapatite, DEAE Affi-Gel BIue and chromatofocusing.

3. A number of physical/chemical properties of CGF are:

a) I{W 43,000

b) pI 7.6-7.9

c) trypsin sensitive

d) acid labile
e) heat sensitive

4. cGF is not only miLogenic in the rabbit fetar chondrocyte

bioassay but also on adult rabbit ear and patellar
chondrocytes as well as adult human patellar chondrocytes.

These results do not eliminate the possibility that CGF

stimulates proliferation of other celI types.

5. Human pituitary tumor fragments (either organ culture or

primary cell culture) secrete a potent mitogen which

st.imulates chondrocyte proliferation in vitro.
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6. Serum samples collected at the site of surgery contain

this growth-promoting actívity, suggesting that the CGF-Iike

growth factor is synthesized and secreted by the pituitary

gland.

7. Sephadex G-I00 chromatography and IEF data indicates that

the growth factor secreted from the pituitary tumor

fragments as well as from the venous serum is similar or

identical to CGF, having a MWof 40'000 and pI of 7.6-7.9.

B. Preliminary results have shown that CGF, injected twice

daily, promoted the growth of the Swarm chondrosarcoma

transplanted sc in normal Sprague-Dawley rats.

9 " These studies suggest that CGF' synthesized by the

pituitary, is secreted into the hypophyseal portal system

and stimulates chondrocyte (condrosarcoma) g rowth in vivo"

These results do not eliminate the possibitity that CGF may

trigger metabolic events other than those resulting in cell

prol i feration .
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