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Summary 

The incorporation of [14C]proline and [14C]glycine into total protein, 
collagen and f ibronect in was investigated in cultures of human skin f ib ro-  
blasts obtained from normal individuals and from patients with Type I ,  
insulin-dependent diabetes mel l i tus.  Proteins from the media and cel l  
layer were separated using polyacrylamide SDS gel electrophoresis. Cells 
derived from diabetics incorporated more rad ioact iv i ty  into total protein, 
collagen, and f ibronect in.  The rad ioact iv i ty  in collagen increased more 
than f ibronect in,  producing a lower f ibronect in to collagen rat io in 
diabetic f ibrob lasts .  With increasing passage in cul ture, cel l  l ines 
from normal and diabetic individuals showed an increased f ibronect in to 
collagen rat io in media. This rat io increased more in cel l  l ines from 
normals than from diabetics. This study provides additional evidence for 
altered production of i n te rce l lu la r  matrix by cultured f ibroblasts in 
diabetes mel l i tus.  

Introduction 

Diabetes mel l i tus is associated with thickening of col lagen-rich 

basement membranes and with an increased incidence of degenerative changes 

of arter ies and nerves. Since diabetes may have a genetic component, we 

( I )  and others (2-6) have u t i l i zed  cultures of skin f ibroblasts derived 

from individuals with diabetes to study potential abnormalities in growth 

and biochemical parameters, in par t icu lar ,  changes in connective t issue 

or in te rce l lu la r  compounds. We have described an increased proportion of 

the glycosaminoglycan, heparan sul fate,  in the media of f ibroblast  cultures 

from diabetics ( I ) .  An increase in protein and collagen in media o f  

s imi lar  cultures has been described by others (2,3) as well as a decrease 
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in a presumed procollagen protein band which migrated ahead of collagen 

chains (3). 

We have now studied the incQrporation of radioact ive prol ine and 

glycine into proteins by cultures of skin f ib rob las ts  obtained from patients 

with insulin-dependent diabetes mel l i tus and age-matched normal subjects. 

We have spec: i f ical ly  i den t i f i ed  the protein migrating more slowly than 

the collagen B chains as f ib ronec t in .  We have also noted changes in the 

f ib ronect in  to collagen ra t io  between skin f ib rob las ts  of normal and 

diabetics during in v i t r o  aging. 

Materials and Methods 

Fibroblasts were grown, as previously described (7),  from skin punch 
biopsies obtained from three insulin-dependent non-obese indiv iduals and 
two normals, 20-25 years old. Cells banked in l iqu id  nitrogen at 3rd to 
4th passage were thawed and grown in Dulbecco's media containing 10% 
fetal  ca l f  serum for  experimental s tud ies .  Between 7th and 14th passage, 
cel l  l ines were grown to confluence in T25 f lasks,  then labeled for  24 
hours with [14C]prol ine (2~c/ml) and [14C]glycine (2~c/ml) in Dulhecco's 
media without 91utamine or serum, but with 50~g/ml ~-aminopropr ioni t r i le  
and ascorbic acid. Cell number was determined in a dupl icate f lask using 
a Coulter Counter. Media were removed at 24 hours, and a concentrated 
solut ion of EDTA, Tr is ,  and protease inh ib i to rs  was added to y ie ld  a 
f ina l  concentration of IO~M phenylmethylsulfonyl f luor ide  (PMSF), ImM 
parachloromercurobenzoate (PCMB), 20mM EDTA, 50mM Tr is ,  pH 7.4. The 
washed cel l  layers were homogenized with a Polytron homogenizer and ex- 
tracted in 150mM NaCI, 0.1% deoxycholate, IO~M PMSF, ImM PCMB, 20mM EDTA, 
20mM CAPS, pH I I  buf fer .  

Protein in the media and cel l  layer extracts was precip i tated with 4 
volumes of ethanol for  16 hours at -20°C and centr i fuged at 9,500xg for  
30 minutes .  The precip i tated proteins were suspended in 5mM Hepes and 
al iquoted for  the appropriate experiments. Radioact iv i ty  was determined 
using a Searle l iqu id  s c i n t i l l a t i o n  counter. 

Al iquots were prepared for  electrophoresis by heating samples for  5 
minutes at 90°C in electrophoresis sample buf fer  (8) with d i t h i o th re i t o l  
(DTT) and electrophoresed on 5% or 7.5% polyacrylamide sodium dodecyl 
sul fate (SDS) gel.  In some cases, samples were treated with pur i f ied 
bacter ial  collagenase (Advanced Biofactors,  Form I I I )  for  16 hrs before 
electrophoresis.  Radioactive chicken calvar ia procollagen and f ib ronect in  
( g i f t  of M. Perkins) were used as standards. The gels were stained with 
Coomassie B r i l l i a n t  Blue R-250, destained with 5% methanol and 7% acetic 
acid, enhanced by t reat ing wi th :Autof luor  (National Diagnostics) for  1 
hour, dr ied,  and exposed to X-ray f i lm (9).  The fluorograms were scanned 
at 540nm using a Beckman model 35 spectrophotometer adapted with a gel 
scanning attachment, and the area under the curves was calculated. The 
rad ioac t i v i t y  of gel s t r ips  was determined by cut t ing gels into Imm s t r ips ,  
digest ing with Protosol (New England Nuclear) and suspending in Aquassure 
(New England Nuclear) for  l i qu id  s c i n t i l l a t i o n  counting. Greater than 
80% of the rad ioac t i v i t y  was recovered by th is  method. The scan areas 
(540nm) were d i r ec t l y  proportional to counts per minute in each protein 
band. The amount of collagen present was quanti tated in representat ive 
experiments by washing the ethanol prec ip i ta tes with 5% TCA to remove any 
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Fiqure I:  A 7.5% polyacrylamide SDS gel electrophoresis fluorogram 
of [14C]proline and glycine labeled proteins from skin fibroblast 
media and from cell layer of both normal (passage I0) and diabetic 
(passage 9) individuals. The position of standard fibronectin 
(Fn) and procollagen chains (pro al and pro ~2) electrophoresed in 
adjacent lanes are indicated on the figure. 

remaining free counts, followed by collagenase assays using the method of 
Peterkofsky ( I0 ) .  

Fibronectin was iden t i f i ed  using rabbit  an t i - f i b ronec t in  antibody 
(Col laborat ive Research, or a g i f t  from L.B. Chen). Al iquots of media 
f rac t ion before p rec ip i ta t ion  with ethanol were incubated with 20~I of 
an t i - f i b ronec t i n  antibody or non-immune serum for  30 minutes, fol lowed by 
an incubation for  16 hours at 44°C with 25~I of an t i - rabb i t  IgG. The 
prec ip i ta te  was washed three times with PBS and 1% t r i t o n  X-IO0, heated 
to 90°C for  5 minutes in electrophoresis sample buf fer  and electrophoresed 
on a 7.5% polyacrylamide gel.  The prec ip i ta t ion  and electrophoresis were 
also performed on standard f ib ronect in  (Col laborat ive Research) and radio- 
act ive f ib ronect in  from guinea pig f ib rob las t  media (a g i f t  from M. Perkins). 

Results 

In four separate experiments, the incorporat ion of rad ioac t i v i t y  into 

ethanol-precip i tated media proteins and cel l  layer proteins during a 24 hour 

pulse was 2 - 2.5 times greater in the ce l ls  from diabet ics than in the 

ce l ls  from controls normalized for  cel l  number. The col lagenase-sensit ive 

protein was increased 2 to 6 fo ld (mean 3.9) for  d iabet ic ce l ls  compared to 

normal cel l  l i nes .  

The proteins from both media and cel l  layer were electrophoresed on 

polyacrylamide SDS gels a f te r  reduction with DTT, and run with standard 

chick calvar ia procollagen and f ib ronect in  (Figure I ) .  A s imi lar  number o f  
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Fiqure 2: A 5% polyacrylamide SDS gel electrophoresis fluorogram 
and densitometric scan of normal-fibroblast media proteins (pas- 
sage 8) with ( ~  C) and without ( - - -  N) collagenase. 

Figure 3: A 7.5% polyacrylamide SDS gel electrophoresis f luoro- 
gram of normal f ibroblast media precipitated with f ibronectin 
antibody (lane 2) and ant i - rabbi t  IgG. Lane I is a control 
precipi tat ion with non-immune serum and ant i - rabbi t  IgG. Position 
of standard f ibronectin (Fn) and procollagen chains (pro al and 
pro a2) electrophoresed in adjacent lanes are indicated. Samples 
were not completely reduced with DTT. 

counts was appl ied to each ge l .  The three high molecular weight bands, 

comigrating with procollagen a chains and with f i b r o n e c t i n ,  were darker in 

d iabet ic  ce l l  media and in ce l l  l ayer  f r ac t i ons .  Coomassie Blue s ta in ing 

was s i m i l a r l y  increased fo r  the same three high molecular weight bands. 

Two lower weight proteins appeared to be s i g n i f i c a n t l y  decreased in the 

media f r ac t i on  of d iabet ic  ce l l  l i nes .  

Further i d e n t i f i c a t i o n  of the three high molecular weight prote in bands 

was carr ied out on media of both d iabet ic  and control  cu l tu res .  The fluorogram 

gel scans with and without collagenase treatment (Figure 2) ind icates that  

the f i r s t  prote in band migrat ing wi th f i b ronec t i n  standard was not co l -  

lagenase sens i t i ve  and there fo re ,  was not a procollagen dimer as prev ious ly  

suggested (3) .  The other two bands were indeed collagenous. Electrophoresis 

of the p r e c i p i t a t e  formed with f i b ronec t i n  antibody (Figure 3) confirmed 

that  the f i r s t  rad ioac t ive  band was f i b r o n e c t i n .  
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Figure 4: A 5% polyacrylamide SDS gel electrophoresis fluorgram 
and densitometric scan of normal ( N) and diabetic ( - - -  D) media 
proteins from 8th and 14th passage cel ls .  The same number of counts 
were applied to each lane. 

When fluorogram gel scans of  rad ioac t i ve  proteins produced by normal 

and d iabe t i c  i nd i v i dua l s  were compared (Figure 4),  i t  was c lea r  that  the 

r a t i o  of f i b ronec t i n  to col lagen (F/C) was much lower in d iabet ic  ce l l  l ines  

fo r  both ear l y  (8th) and l a te  (14th) passage. Also, both d iabet ic  and 

normal cu l tures had an increased F/C r a t i o  at l a t e r  passages. In Table I ,  

the F/C ra t ios  found in media are given fo r  three d i f f e r e n t  d iabet ic  

pat ients and two con t ro ls .  There was a marked increase in F/C ra t i o  with 

l a t e r  passages by the ce l l  l i nes  derived from normals whi le d iabet ic  ce l l  

l i nes  showed a less marked change in r a t i o  during in v i t r o  aging. 

Discussion 

F ibrob lasts  derived from i n s u l i n  dependent d iabet ics  incorporated more 

than twice the amount of rad ioac t i ve  pro l ine  and g lyc ine in to to ta l  prote in  

in both media and ce l l  layers than was incorporated by c e l l s  from age- 

matched con t ro ls .  Perhaps more important than the synthesis of to ta l  pro- 

279 



Vol. 100, No. I, 1981 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

TABLE I 
MEDIA FIBRONECTIN/COLLAGEN RATIOS 

Passaqe # 

7 

10 

14 

Normal Diabetic 

0.54 (P)* 

0.9 (B) 

0.9 (B) 

1.4 (B) 

1.9 (P) 

3.3 B) 

0.47 (J) 

0.35 (w) 

0.16 (Q) 

0.39 (J) 

1.25 (Q) 

* The le t te r  in parentheses refers to individual pat ient 's cel l  l ine. 

te ins was that  the proport ion of proteins accumulated in  the media d i f f e red  

in cu l tures of d iabet ic  c e l l s .  Without except ion, each f i b r o b l a s t  ce l l  l i ne  

from d iabet ics  had a lower media f i b ronec t i n  to col lagen r a t i o .  This 

occured because the incorporat ion of r a d i o a c t i v i t y  in to  col lagen was in -  

creased more than to ta l  prote in or f i b r o n e c t i n .  This consistent  f ind ing  is  

of p a r t i c u l a r  i n t e res t  since t h i s  could not be explained by d i f ferences in 

pool sizes between ce l l  l i nes .  Although Branson et a l .  (6) did not comment 

upon i t ,  these authors had a s i m i l a r  f ind ing  of a lowered f i b ronec t i n  to 

col lagen r a t i o  in d iabet ic  ce l l s  which were pulsed fo r  several hours imme- 

d i a t e l y  fo l low ing  t r y p s i n i z a t i o n .  The co l lagenase- res is tant  prote in band 

which we have i d e n t i f i e d  as f i b ronec t i n  was prev ious ly  reported to be de- 

creased in media of d iabet ic  ce l l s  (3) .  However, t h i s  band was described 

as a procollagen dimer and was not recognized to be f i b ronec t i n .  

Although d iabe t i c  f i b r o b l a s t s  in general showed a greater  incorporat ion 

of r a d i o a c t i v i t y  in to  p ro te ins ,  two low molecular weight proteins found in 

normal f i b r o b l a s t s  were decreased in two d iabet ic  ce l l  l i nes  and were absent 

in a t h i r d  d iabe t i c  ce l l  l i n e .  These proteins are cu r ren t l y  being invest igated 

~Io c l i n i c a l  d i f ferences between the several d iabet ic  pat ients  were apparent. 
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According to several invest igators ,  normal ce l ls  have a f i n i t e  l i f e  

span which is inversely proportional to an ind iv idua l ' s  age (11). For th is  

reason, cel l  cu l ture has been used as a model for  the ce l l u l a r  aging process. 

The increase in f ib ronect in  to collagen ra t io  with passage leve l ,  found in 

th is  study, might re f l ec t  changes in connective t issue during aging i__n_n 

v ivo,  Fibronect in binds to collagen near the mammalian collagenase- 

sensi t ive s i te  (12). Thus, more f ib ronect in  formation with age could i nh ib i t  

collagen breakdown and could make collagen less soluble. Both these propert ies 

have been repeatedly observed for  "aged" col lagen. 

Diabetes is often referred to as a disease of accelerated aging (13). 

In support of th is  theory, i t  has been reported that human skin f ib rob las ts  

from type I diabet ics have a reduced growth potential  (5) and f ib rob las ts  

from presumed "pre-d iabet ics"  have a reduced plat ing e f f i c iency  compared to 

normal controls (4). Collagen becomes both less soluble and less susceptible 

to collagenase at an ea r l i e r  age in diabetes (13). I f  the process of ce l l u l a r  

aging were to be accelerated in diabetes, i t  might be expected that the 

f ib ronect in  to collagen ra t io  at each passage level would re f l ec t  the changes 

that are found in aging ce l l s .  Thus, the ra t io  of f ib ronect in  to collagen 

would be higher for  diabet ic ce l ls  than for  normal ce l l s .  The reverse was 

observed, and the ra t io  did not increase as s ign i f i can t l y  with age, 

suggesting that aging and diabetes are separate, d i s t i nc t  processes. 
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