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Soluble human plasma fibronectin or collagen types I 
or IV, when preincubated with tissue culture plastic 
dishes, were effective spreading agents for cultured hu
man keratinocytes and increased spreading in a time
and concentration-dependent manner. Spreading on fi
bronectin, but not on type IV collagen, was inhibited by 
antifibronectin; therefore, the contribution of fibronec
tin to the spreading activity of the natural matrix pro
duced by keratinocytes could not be determined using 
antifibronectin. Fibronectin mediated spreading at both 
high (1.1 mM) and low (0.1 mM) Ca++ concentrations, 
and spreading was not altered by cycloheximide. Insol
uble fibronectin deposited by keratinocytes correlated 
w-ith phagokinetic tracks on particulate gold salts, and 
added fibronectin, as well as type I collagen and type IV 
collagen, enhanced motility of keratinocytes. These 
studies show that production of fibronectin and respon
siveness to it are similar in fibroblasts and keratinocytes 
and demonstrate that fibronectin can act as a matrix 
factor for keratinocytes. 

The role of tibronectin in the biology of keratinocytes is 
uncertain. For example, guinea pig epidermal cells showed 
enhanced attachment to type IV collagen in comparison with 
other collagens, and t his was unaffected by iibronectin (1]. 
Furthermore, laminin, but not fibronectin, has been shown to 
increase attachment of PAM 212 cells, a mouse keratinocyte 
line, to collagen [2] . These findings suggested that fibronectin, 
an attachment factor for fibroblasts, had no effect on attach
ment of keratinocytes. Furt hermore, fibronectin is not found 
within normal epidermis [3]. Because of these findings, it has 
been suggested that fibronectin has specificity for fibroblasts 
and some other cell types a nd does not interact significantly 
with epithelium or epithelial cells [4]. Its presence in mature 
cutaneous basement membrane, which is elaborated largely by 
the epithelium, is debated (5] although it has been demonstra
ted in fetal ra t s kin [6] . Nevertheless, several types of epithelial 
cells produce fibronectin in culture [7- 11], and we (12] and 
others [13- 15] have demonstrated that solub le and insoluble 
fibronectins are secreted by ke ratinocytes. Gi lchrest et a ! have 
s hown enhanced attachment and growth of keratinocytes on 
fibro nect in [16], a nd Stenn et a.l. have recently described t he 
ability of fibronectin to enhance t he spreading of guinea pig 
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kerat inocytes [17]. We have now investigated the role of fibro
nectin and some other matrix components in spreading and 
movement of cu ltured human keratinocytes. The findings in
dicate that. the cells respond s imil a rly to fibronectin and to 
collagen and therefore further support the role of fibronectin 
as a matrix factor for keratinocytes. 

MATERIALS AND METHODS 

Cell Culture 

Human foreskin keratinocytes were prepared and cultured by t he 
method of Rheinwald and Green [18] as previously described [1 2]. 3T3 
cells were removed with calcium-free Hanks' buffered salt solution 
(HBSS) containing 0.02% EDTA, and keratinocytes were harvested 
with trypsin and su bcultured in medium composed of 50% 3T3 cell 
conditioned medium [made up of Dulbecco-Vogt modification of Eagle 's 
medium (DME) with 5% feta l bovine serum (FBS)] and 50% Ham's F-
12. Medium was supplemented with insulin (5 ~g/ml) , hydrocortisone 
(0.4 ~g/m l ), transferrin (5 ~g/ml), cholera toxin (5 ng/ ml) , and epider
mal growth factor (EGF) (5 ng/m l). Keratinocytes cultured in t his 
fashion were shown to be free of fibroblasts [12]. 

Spreading Assays 

Cells subcul tured as noted above were harvested with trypsin and 
plated at 5 x 104 per 35-mm dish on untreated or coated tissue cul ture 
dishes. To coat tissue culture surfaces, we added 2 ml HBSS to a 35-
mm dish and then added up to 40 11g of type IV collagen , type I collagen, 
or fibronectin. After 30 min at 37· c we removed the HBSS and added 
nutrient medium and cells. Medium for spreading assays was either 
medium A, 50 % DME/50% Ham's F-12 (1.1 mM Ca++), or medium B, 
MCDB 153 with added CaCl2 (0.1 mM Ca++). Supplements in medium 
A were hydrocort isone (0.4 l' g/ml), insulin (5 11g/ ml) , EGF (5 ng/ ml) , 
transferrin (5 J.Lg/ml) , and cholera toxin (5 ng/ ml) . Medium B contained 
hydrocortisone, insulin, and transferrin as above plus 0.1 mM ethanol
amine and phosphoethanolamine. Type IV collagen was purified from 
EHS sarcoma [19], and has been characterized previously [20]. Type 
IV collagen from pepsin-digested placenta purchased from Sigma was 
also effective as a spreading agent. 

Jn the standard assay, dishes were washed gently twice with HESS 
after 4 h at 37•c and adheren t cells fixed in 3% formaldehyde in 
Dulbecco's phosphate-buffered saline (PBS). The percentage of spread 
cells was determined by counting dishes in triplicate sets of 100 cells 
each and determining the mean ± SEM. Spread cells were identified 
under phase contrast microscopy as dark cells with polarity or radially 
distributed lamellipodia or a continuous apron and a visible nucleus. 
Unspread ce ll s were highly refractile and round. 

Assays of Motility 

Coverslips were plated with particulate gold salts according to Al 
brecht-Buehler [21]. Briefly, 1.8 ml HAuCl, (14.5 mM) was added to 6 
ml of 36.5 mM NazC03 and diluted with 11 ml H20. The solution was 
heated just to boiling and 1.8 ml of 0.1% formaldehyde was added. The 
solution, which now contained gold particles, was added to dishes 
contai ning coverslips which had been dipped in 1% bovine serum 
albumin and drained, then in 100% ethanol, and dried. After 45 min, 
the solution was aspirated and replaced with PBS. Cells were plated 
on the coverslips in nutrient medium A orB within 24 h of preparation 
of the coverslips and allowed to attach, spread, and migrate. After 
various times t he dishes were washed gently to remove nonadherent 
ce lls, fixed in 3% formaldehyde in PBS, and cells on the coverslips 
were photographed in the dish under dark-field optics. In some exper
iments coverslips were processed for immunofluorescence mounted 
and photographed. Gold partic les on the same slide were ph~tographed 



126 O'KEEFE ET AL 

under phase contrast optics. In other experiments covers( ips with gold 
particles were incubated with matrix proteins to coat coverslips as 
under Spreading Assays above before cells were added . 

fmmunoflu orescen.ce 

Cells on cove rslips were fix ed in 3% formaldehyde in PBS, washed, 
ext rac ted in 1% Triton X-100, and stained as desc ribed [1 2] using 
affinity-purified rabbit antihuman plasma fibronectin fo llowed by f1uo
rescein -conjugated goat antirabbit immunoglobulin. Photographs were 
made on a Leitz Orthoplan microscope with epif1uorescence optics 
using Kodak Tri -X film developed in Dialine (Aculine, Inc., Chicago, 
Illinois). 

Materials 

Cul ture media were from Gibco Laboratories, Grand Island, New 
York (Ham's F-12, DME, FBS, HBSS) or KC Biological, Lenexa, 
Kansas, (MCDB 153). Supplements (insulin, hydrocortisone, transfer
rin , ethanolamine, phosphoethanolamine), bovine serum albumin , and 
placental type IV collage n were from Sigma, St. Louis, Missouri. EGF 
was purified according to Savage and Cohen [22]. Plastic t issue culture 
ware and Vitrogen were from Flow Laboratories, McLean, Virgi nia. 
Chemicals were from Fisher Sc ientifi c, Pittsburgh, Pennsylvania. An 
t ifibronectin antibody was purified on fibronectin -Sepharose as previ
ously described [1 2]. Rabbit lgG and f1uorescein-labeled antirabbit lgG 
were from Cappel Labo ratories, West Chester, Pennsylvania. Fibro
nectin was purified from human plasma according to Hayashi and 
Yamada [23]. Type I collagen was also prepared from rat tail tendon 
124]. Purified collagens [20] , laminin [20]. and libronectin [1 21 have 
been characterized previously. 

RESULTS 

Spreading of Keratinocytes by Fibronectin or Collagen 

Small amounts of type IV co llagen or human plasma fibro
nectin added to buffered saline solutions such as HBSS at
tached to cu lture dishes [2.5] and were effective as spreading 
age nts after brief incubations (30 min , 37. C) without drying or 
UV irradiat ion . After removal of the solution to which the 
matrix prote in had been added, cell s were added to the dishes 
in nutrient m edium and became max imally spread after several 
hours . As shown in Fig 1, spreading was enhanced after addition 
of 5-10 J.Lg of fibronectin and was maximal with 40 J.Lg or more . 
Similar results were obtained with type IV collagen; thus, 
fibronectin was as effective as type IV collagen as a spreading 
agent for cultured human keratinocytes. Two prep arations of 
type l collagen (from rat tai l tendon or bov ine skin) were also 
very effective spreading factors, and the effect of all 3 agents 
was not altered by cycloheximide (Table I). 

Mosher's laboratory has described specific receptors for fi 
bronectin [26 ]; this finding suggests that spreading by fibro 
nectin or collage n may be mediated through cell surface recep
to rs. To determine whether we could differentiate spreading by 
type IV collagen or fib ronectin, we tested the effect of a ntifi 
bronectin antibody on spreading induced by fibronectin or ty{)e 
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FIG 1. Sp reading of keratinocytes by libronectin or type IV collagen. 
Human plasma fibronectin or type IV collagen was incubated with 
dishes as in Materials and Method~ and plated with 5 x 10'1 cultured 
cells in medium A. After 4 h at 37•c dishes were washed twice with 
HBSS, fixed with fo rmalin , and sco red for spreading in triplicate under 
phase-contrast mic roscopy. e =Collagen IV; 0 = fibron ectin. 
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TABLE I. Spreading by fibronectin. or collagen" 

Addition Percent spread ce lls 

Cycloheximide + 

Exp. Jb Matrix 
None 4 ± 1 3 ± 1 
Coli l (Vitrogen) 94 ± 0 94 ± 2 
Coli I (rat tail 85 ± 6 87 ± 2 

tendon) 
Coli IV 86 ± 5 96 ± 1 
Fibronectin 88 ± 2 88 ± 1 

Exp. W None 11 ± 3 7±2 
Coli IV (3 Jlg) 90 ± 1 87 ± 2 
Coli IV ( 40 J.Lg) 95 ± 2 94 ± 4 

a Results are mean ± SEM of triplicate determinations. 
b Dishes were incubated with or without matrix factors (30 Jlg) in 

HBSS (30 min, 37"C) and then plated with cells in medium A with or 
without cycloheximide (25 J.L g/ml) . After 4 hat 37•c cells were assayed 
for spreading. Call= collagen. 

c Dishes were preincubated with or without type IV collagen and 
assayed as in (b) . 

TABLE II. Anti[ibronectin. specifically prevents fibronectin-induced 
spreading 

Percent spreading• 
Additions 

- Serum +Serum 

A None 3 ± 1 6±3 
FN 18 ± 4 27 ± 3 
FN + antiFN 1 ± 0 1 ± 0 
FN + IgG 26 ± 6 27 ± 6 

lgG AntiFN 

B None 9±4 10 ± 3 
FN 50± 7 10 ± 3 
ColllVb 68 ± 6 65 ± 7 

After 35-mm dishes were t reated with or without fibronectin (FN) 
or type IV collagen (Call IV), 0.8 ml medium A containing 200 p.g 
normal rabbit lgG or affinity-purified rabbit antiFN was added. A , 
Dishes were treated with or without 5 p.g FN. After 30 min at 37"C, 5 
x 104 keratinocytes were added in 1.2 ml meclium A with or wi thout 
5% heat- inactivated FBS and assayed for spreading as in Materials and 
Methods. B, Dishes were treated with or without 30 p.g FN or Coli IV , 
and medium contained no serum. 

a Mean ± SEM of triplicate determinat ions. 
" From EHS tumor. 

IV collagen. First, using small amounts of fibronectin, we found 
that antifibronectin added with cells to fibronectin-coated 
dishes completely prevented spreading, but control IgG was 
ineffective. Serum slightly augmented spreading, but the effect 
of antifibronectin was apparent either in the presence or ab
sence of serum (A in Table II). Second, the effect of antifibro
nectin was examined on cells plated on fibronectin or type IV 
collagen to determine the specificity of action of the antibody. 
As shown in Table II (B), antifibronectin reduced fibronectin
induced spreading to control levels but clid not a lter spreading 
by type IV collagen. We concluded that the spreading activities 
of fibronectin and type IV collagen are mediated differently, 
probably by the receptor for t hese proteins , and not by a 
common, nonspecific mechanism. 

The concentration of Ca++ in the medium is known to 
influence stratification and proliferation of keratinocytes [27] 
as well as display of some cell surface receptors [28]. Since 
spreading presumably depends on cell surface binding of added 
matrix proteins, it might be affected by Ca++ concentration. As 
shown in Table III, keratinocytes were able to spread on matrix
coated surfaces at both high (1.1 mM) and low (0.1 mM) Ca++ 
concentrations. Also, in agreement with the data of Stenn eta! 
on fresh gu inea pig epidermal cells [17], the spreading activity 
of fibronectin and type IV collagen was not prevented by 
cycloheximide. EGF, which is a growth fac to r for kerat.inocytes 
and may make colonies appear more flattened, was incubated 
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TABLE III. Spreading of k.eratinocytes independent of ca++ 
concentration and cycloheximide" 

1.1 mM Ca++b 0.1 mM Ca++< 

Additions Cyc loheximide Cyclohex imide 

+ + 
None 2 ± 1 1 ± 1 4±2 2 ± 1 
FN 76 ± 5 65 ± 4 93 ± 3 89 ± 2 
Coli IV 87 ± 5 84 ± 3 94 ± 4 96 ± 4 
EGF 3 ± 1 2 ± 1 4±2 2 ± 1 
Laminind 2 ± 3 6±2 

Keratinocytes (5 x 10"' cells) were plated on dishes coated with or 
without fibronectin (FN) (20 11g) or type TV collagen (Call IV) (20 11g) 
as in Materials and Methods. Cells were incubated with or without 
epiderma l growth factor (EGF) (20 ng/ ml), laminin (20 JJ.g/ ml), or 
cycloheximide (25 11g/ml) for 4 h, 37°C, and assessed for spreading. 
a Results given in mean ± SEM of triplicate determinations. 
6 Medium A. 
c Medium B. 
d Purified from EHS sarcoma. 

with the cells and had no spreading activity at 4 h (Table III). 
Laminin (either purified from EHS sarcoma or purchased from 
BRL, Bethesda, Maryland) failed to increase spreading when 
added either before cells and medium in an attempt to coat the 
surface or with medium (Table III). 

We have noted that if keratinocytes were trypsinized and 
then plated on the dish on which they were originally grown, 
spreading occurred rapidly, but attempts to standardize prep
arations of plates were unsuccessful. We suspected that a 
matrix material produced by the cell s was responsible for 
spreading, and some of th is material apparently remained on 
the dish when cells were removed by trypsin, scraping, nonionic 
detergent, or Dispase (Table IV) . It was not as effective as 
purified matrix factors, however, in enhancing spreading, and 
results were variable. Fibronectin from FBS was probably not 
responsible for this activity, since antitibronectin was not able 
to prevent the spreading (not shown). As antifibronectin cannot 
prevent spreading induced by type IV collagen (Table II) and 
probably by other spreading factors, another spreadinrr aaent 
in the matrix (e.g., collagen) may have been responsfbleb for 
spreading on the natural matrix . 

Role of Spreading Factors in Movement of Keratinocytes 

Because tibronectin has been implicated in fibroblast motil
ity [29], we were interested to find out whether fibronectin and 
other matrix factors can affect motility of kerat inocytes. We 
have previously desc ribed the laying down of tracks of fibro
nectin (seen by immunot1uorescence) by human keratinocytes 
in culture [12]. These tracks suggested paths of movement by 
the cells. To document the association of these tracks with 
movement, we used the technique of Albrecht-Buehler [21] . 
Colloidal gold salts were deposited on the surfaces of glass 
c?verslips, and cu ltured keratinocytes were plated on the par
tiCulate salts. When cells migrate on this surface, the displace
ment of particles is the result of movement of cell s and 
phagocytosis of particles; they have therefore been called "pha
gok inetic" tracks [21]. Cells were fixed with formalin and the 
coverslips were examined by phase microscopy to determine 
the location of the particles and examined by immunof1uoces
cence to locate deposited fibronectin. As seen in Fig 2, displace
ment of gold sa lts correlated well with deposited fibronectin as 
demonstrated by immunot1uorescence, indicating that fibro
nectin tracks were deposited along the path traversed by the 
cell. 

To further study the possibility that matrix proteins such as 
fib ronectin may be involved in cellular movement, we plated 
keratinocytes on coverslips coated with gold salts and subse
quently also treated with fibronectin. The coverslips were fixed 
in forma lin and the cells viewed under dark-field microscopy. 
As shown in Fig 3, movement as indicated by displacement of 

TABLE TV. Enhancement of spreading by matrix deposited by 
k.eratinocytes" 

Treatment of 
cul ture' 

Dispase 
Scraping 
Trypsin 
1% Triton X-100 

Matrixc 

None 
Coli IV 

Percent spreading 
at 4 hd 

4 Hours 

3±3 
56± 5 

42 ± 4 
43 ± 3 
22 ± 4 
39 ± 4 

24 Hours 

42 ± 8 
74 ± 4 

"Human keratinocytes were subcultured without feeder layers as in 
Materials and Methods. 

b After cu ltures became confluent, cell layers were removed by Dis
pase (1 unit/ ml) (Boehringer Mannheim, Indianapolis, Indiana) by 
scraping with a Teflon policeman, by treatment with 0. 25% trypsin 
(1:250, Gibco, Grand Island, New York), or by incubation with 1% 
Triton X-100 in water and several washes to remove the detergent. 
Dishes were then plated with 5 X 10' cells in medium A for 4 h as in 
the standard spreading assay. 

c Dishes were incubated with or without 20 JJ.g type IV collagen (Call 
IV) (30 min, 37°C) or 10% FBS in medium A (2 h, 37°C), washed twice 
with HBSS, and plated in parallel with (b) and assayed for spreading 
after 4 or 24 h. 

d Mean ± SEM of triplicate determinations. 

particles was detectable on coverslips treated with fibronectin 
but not on controls and was more marked after longer incuba
tions. Like spreading, movement was not affected by cyclohex
imide (25 J.Lg/ ml) for up to 8 h. The enhanced motility produced 
by fibronectin was concentration-dependent and was maximal 
at the concentrations required for maximal enhancement of 
spreading (not shown) . In additional experiments comparing 
motility of keratinocytes on type I collagen and type IV colla
gen, these proteins were also found to enhance motility simi
larly (Fig 4). Enhanced motility on collagen was not mediated 
by fibronectin in the medium, since it was noted to occur both 
in medium A and in medium B, which lacked serum, and hence 
fibronectin . 

As noted by Ali and Hynes [29] in several types of fibroblasts, 
nonmotile keratinocytes cleared a small area of gold particles 
from their periphery and left a clear ring. If cells were allowed 
to grow into colonies, a compact colony of nonmotile cells was 
surrounded by a clear ring. In the case of cells treated with 
fibronectin , however, extensive asymmetric areas were cleared 
of particles after several days before colonies developed. If cells 
were plated without gold particles, addition of fibronectin pro
duced dispersed asymmetric cells similar to motile cells seen 
with gold particles and similar to motile cells described by Ali 
and Hynes with or without gold particles. Therefore, in our 
experiments with keratinocytes, as in those with fibroblasts, 
the gold particles did not appear to affect motility, and the 
effect of tibronectin appeared not to depend on the presence of 
the gold particles. The proteins in serum added with medium 
did not enhance motility, and addition of albumin (1 mg/ml), 
bovine pituitary extract (100 J.Lg/ ml) , hydrocortisone (0.4 J.Lg/ 
ml), cholera toxin (5 ng/ ml), or EGF (5 ng/ ml) , which also did 
not affect spreading, did not affect motility. Laminin did not 
alter motility (not shown). Cells plated on laminin-coated 
coverslips or with laminin in the medium (at 20 11g/ml) ap
peared comparable to control panels in Fig 3. 

DISCUSSION 

There is now substantial evidence that fibronectin may play 
a significant role in the biology of the keratinocyte. Examina
tion of epidermis shows that fibronectin is found in the epider
mis in a blister cavity [30) and in some pathologic conditions 
including basal cell carcinoma (reviewed in [31]) , but not in 
normal epidermis. In vitro studies show secretion of soluble 
and insoluble fibronectin by human keratinocytes [12- 15], 
enhanced growth on fibronectin of human keratinocytes [16], 
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FIG 2. Relationship of phagokinetic 
tracks to insoluble fibronectin deposited 
by keratinocytes. Subcultured keratino
cytes were plated on gold particle-coated 
coverslips in medium A and fixed after 2 
days. Coverslips were processed for im
munofluorescence with antifibronectin 
antibody and photographed under 
phase-contrast or fluorescence optics. 
Left panels, phase contrast; right panels , 
immunofluorescence. Sca le bar = 150 
1-'ffi. 

FIG 3. Enhanced motility of cultured 
keratinocytes on a fibronectin-coated 
surface. Coverslips with adherent gold 
pa rticles were incubated with or without 
fibronectin (30 min, 37oC) in HBSS and 
then plated with cultured keratinocytes 
in medium B. Cells were fixed at various 
times and adherent ce lls photographed 
under dark-field optics. FN = Fibronec
tin . Scale bar= 50 Jlm. 
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COLLI 

4 hrs. 

48 hrs . 

a nd spreading on tibronectin of guinea pig ke ratinocytes [17] . 
We have now shown that fibronectin acts as a sp reading facto r 
for cul tured huma n ke rat inocytes and t hat type IV collagen 

a nd type I collagen a re also able to fun ction in t his way. Cont rol 
cells incubated wi t h serum- or a lbumin-co ntaining medium did 

not spread. The abili ty of cells to spread on matrix facto rs does 
n ot require protein syn thesis, since it is insens it ive to cyclo
heximide. In t he abse nce of a spreading factor , ma ny attached 
cells will spread by 24 h (T able IV), alt hough t he percentage of 
spread cells is lower t han t he percentage which spreads rapidly 
o n a preformed matrix of fi b ronectin or coll agen . These cells 

p resumably secrete o r syn thesize and secrete t heir own sp read
i n g facto r or facto rs . 

Not on ly is fibronecti n able to speed apposit ion of t he plasma 
membrane of attached cells to t he substratum (spreading), but 
it is a lso assoc iated wi t h a more globa l type of movement, i.e., 
m otili ty, in two importa n t ways. F irst , since fib ronectin depos

its correlate with displacement of gold pa rt icles, keratinocytes 
leave behind a t ra il of insoluble fi bronectin as they move across 
a cul ture surface (Fig 2). Second, a substratum of fibronecti n , 

like type I or type IV co ll agen, is a ble to enha nce motil ity of 
keratinocytes (Figs 3 and 4). Ali and H ynes [29] have demon 

strated increased fibroblast motility on a fibronectin substr a 
t um. It is unclear whether ke ratinocytes require a substrate 
such as fi b ronectin to move on a nd t herefore sec rete it pr ior to 
movement, or whether it is le ft behind advent it iously and is 
not actua lly required fo r movement. It may be significan t t hat 

keratinocyte fibronectin is fou nd on t he surface of t he cell only 
between t he ce ll a nd substratum [12], since t his is proba bly the 

r equired location if fibronectin is to alter sha pe and m otili ty of 

cells [17]. The fact t hat enha nced movement ta kes place in t he 
p resence of a previous ly la id down bed of fi bronectin suggests 

t h at it or another matri x component is required for movement 
to occur. Al t hough we have detected fi bronectin t racks in 
cu lt ures not t reated wi t h libronectin [12], the number of cells 
making t hem is sma ll in compariso n wit h t hat of cells plated 
on fi bronectin . 

S ince collage n ca n a lso increase motili ty, matri x proteins 
other tha n fibronectin may be la id down on these surfaces by 

motile cells. Stenn et a\ [32] repo rted t hat migrating epit helia l 
sheets co nt inua lly synt hesized AB2 (now called type V) collagen 
during migration, and studies wi t h inhibi tors suggested t hat 

s u ch synt hes is was required. Fibronectin, which in teracts wi th 
collagen , was not sought in t hat study. S ince Stenn et a! used 

whole ski n explan ts, the studies cannot be compared directly; 

COLL N 

F IG 4. Enhanced motil ity of cul tured 
keratinocytes on surfaces coated with 
type I (COLLI) or type IV (COLL I V) 
collagen. Coverslips with gold particles 
were incubated with or without collagen 
(30 min, 37"C) in H BSS and then plated 
with cu ltured keratinocytes in medium 
B and processed as in Fig 3. Scale bar= 
50Jlm. 

it would be of interest, however , to examine keratinocytes for 
syn t hesis of type V collagen during stimulation of m otil ity by 
fi bronectin . Tchao has demonstrated enhanced motili ty of an 

epi t helial cell line on collagen -coated surfaces [33] using t ime

lapse photography. 
It has been suggested t hat since keratinocytes, unlike fib ro

blasts, do not ut ilize fibronectin fo r attachment to collagen 
[1], keratinocytes may have other specifically epit helia l attach 

ment factors, such as laminin [2,4]. L ike fibroblasts [34], how
ever, keratinocytes do syn t hestize and secrete soluble and in 
soluble fibronect in (12-15], t hey deposit fibronectin in path s 
of movement, a nd their spreading and m otility a re increased 
by added fib ronectin . Furt hermore, laminin m ay increase at

tac hment of fi broblasts (35,36]. Fibron ectin has recen t ly been 
shown a lso to increase t he spreading of an epit helia l sheet from 

rabbit cornea in vit ro [37]. T his phenomenon may underlie t he 
significance of tibronectin in t he matrix of t he healing wound 
as demonstrated by Grinnell eta! [38] and by Cla rk eta! (39]; 

fibronectin diffusing from serum may bind to collagen and to 
fibrin and serve as a substratum for t he movement of epithelial 

cells which then cover a wound in vivo. 
Addit ion al evidence for in teraction of keratinocytes wit h 

fibronectin was recen t ly shown by Takash ima an d Grinnell, 
who demonstrated spreading of keratinocytes on fibronectin 
and phagocytosis of fibronectin -coated beads [40]. 
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