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During Wound Healing'

We investigated the expression of proteoglycans (PGs) and
hyalurenan (HA) dudag healing of human mucosal wounds.
Bispsy specimens of experimental wounds were takea 1, 3,
and 7 days after wounding. Frozen sections were used for
immunclocalization of CD44, syndecan-1, basement mem-
brane-associated heparan sulfate proreoglycan (BM-HSPG),
deconn, and biglycan. HA was localized in paraffin sections
with a specific HA-binding probe. Epithelinm showed first
signs of migration on Day 1, mare prog-essive migracion on
Day 3, and epithelial sheets confronted on Day 7. CD44 sur-
counded migradng keratinceytes arall stages of wound heal-
ing. In epithelium, CD44 and HA remarkably localized to
the same region. Expression of syndecan-1 was switched from
the suprabasal cell layer of unwounded epithelium to the
basal cell layer of the migrating wound epithelinm. BM-

Introduction.

Prorec glycans {PGs) form a family of glycoconjugates associated
with the extrzeellutar matrix (ECM) and cell surfaces { for review
" see Kjellén and Lindzhl, 1991; Uitco and Lagjava, 1991; Ruoslahti,
1988). They are romposed of 2 protein cote substituted with one
o more covalently Hoked glycosaminoglycans (GAGs). The nature
of the GAG chaln can be chondroltin—dermacan sulfare, —keraran
sulfare, ot ~heparan sulfate in different PG species (Kjellén and
Lindahi, 199¢; Ruoslahd, 1988). Some core proteins can even catry
both chondroitin and heparan sulfate, representing hybrid types
of PGs. (Hardingham and Fosang, 1992; Jalkanen eral., 1992). The
nature of the GAG chain can also very in 2 rissue-specific fashion
(Picker er al., 1989).
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HSPG was absent under migrating keratinecyres. It scarred
1o reappear ar the baseinent membrane zone on Day 7. The
area under the wound epithelium conraining newly synthe-
sized collagen fibers first beame positive for decoria on
Day 7, whereas staining of biglycan was negadve, Granula-
tion dssue was also strongly positive for CD44 and hyaluro-
nan. Qur results indicate that migrating keratnocyres ex-
press both CD44 and syndecan-1 bat oot BM-HSPG. During
differendaton of keratinocytes, expression of CD44 preceded
that of syndecan-1. The resulis suggest that different HSPGs -
have multiple functions in kerarinocyte migmtion and dif-
ferentation during reepithelizlizaton. { J Hisrochem Cyro-
chem 43:125-135, 1995) : ‘

KEY WORDS: Proteoglycans; Hyaluronan; Epichelium; Connective
tissue; Wound healing.

The amino acid sequences of many PGs have been recently ob-
tained by cloning of their correspanding <DNAs (Carey et al, 1992;
Kallunki and Tryggvason, 1992; Noonan ez al., 1991: Fisher et al,
1989; Krusius and Ruoslahti, 1986), Including syndecan-1, CDH44,
and perlecan, afl of which are hepasan sulfate-conraining proteogly-
cans (HSPGs). These HSPGs localize specifically around the epi-
thelfal zissues and cpithelial-mesenchymel boundaries. Syndecan-1
and CD44 are believed to function in binding of cells to the ECM
(Jalkanen etal., 1992). Syndecan-1 also binds growth factors such
as basic fibroblast growth factor (BFGF) (Bernfield 2ad Sanderson,
1990). CD44 binds 1o hyzlurenzn {HA) and probably serves as a
mzjor HA receptor In many cell types (Aruffoer al., 1990; Miyake

‘eral., 1990). Perlecan is the major PG component of the basement

membranes (BMs). It is believed o functicn bath as a structusal
clement of the BM and in hinding of growth factoss (Noonan et
al,, 1991; Ruoslahd and Yamaguchi, 1991).

The major seeucturally known small dermaran sulfate proceogly-
cans (DSPGs) tn oral soft connective tissue are highly homologeus
decorin and biglycan (Larjava e al., 1992; Bianco et al,, 1990; Ruos-
lahei, 1988; Voss ct al., 1986). Decorin has an affinity for Type I
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collagen and regulates collagen fibril formation (Bianco et al., 1990;
Brown and Vogel, 1989), The association of biglyean to Type I col-
lagen has not been demonstrated, but it may bind to other fibril-
!ar elements of the exEra’ccHular matrix (Hikkinen er al., 1993; Gal-
lagher, 1989). Decorin is also believed to bind growth factors and
to regulate cell growth {Yamaguchi et al., 1990).

The focalization and function of PGs in various physiological
processes are still largely unknown. For example, the distribution
of various PGs during human wound healing is poorly undesstood
(Weitzhandler and Bernfield, 1991} Wound healing involves sev-
eral biclogical cell phienomena, such as cell migration, prolifera-
tion, BM regeneration, and the formation of granulation tissuc,
In this study we localized several PGs and HA during the iitial
healing of human mucosal wounds. We demonstrace that the ex-
pression of different PG species varies in a spatioternporal fashion
during wound healing,

Materials and Methods

Wounds. Experimental wounds were creared in the palaral mucosa of
healthy male and female volunteers. The protocol was approved by the Ethical
Commijttee of the University of Turku, Finlend. Tncisions (~10 mm leng,
Lmm wide, and 1-2 mm deep) were made about 5 mm from the gingival
margin at the premolar area. Punch biopsy specimens were taken from
wounds after 1, 3, and 7 days. Bach specimen was cut jn half; one half was
mounted in Tissuetek and frozen in liquid nitregen for use with Auares-
cence staining, and the other half was fixed with formalin and embedded
in paraffin for use with routine histological techniques and fmmunoperox-
idase staining. Frozea sectivns (6 wm) were cuton poly-D-lysine-coated slides
and fixed in cold {-20°C} acetone for 5 min before use, Somc sections
were stzined with hematoxylin and eosin to demonstrate the basic histol.
ogy of wound healing, 2nd with phosphatunstic acid-hematoxylin (PTAH)
to demonstrate the presence of fibsin,

Antibodies. PGs were localized with the specific antibodies listed in
Table L Biglycan antipeptide serum recagnizes a specific peptide sequence
at.the amine terminus of the molecule (Fisher et al., 1989). Moneclonal
antibody (MAb) Hermes-3 against CD44 recognizes the core protein of all

known CD44 species (Goldstein et al | 1989). Decorin antibody specifi- *

cally recognizes the amino termiaal pepiide sequence of the core protein
(Krustus and Ruoslahti, 1986). HSPG in the basernent membrane area was
tecognized with a specific antibedy against core protein of BM-HSPG
(Kemeny etsl., 1988). Syndecan-1 was localized with a polyclonal antipep-
tide antibody that specifically binds to syndecan-1 core protein in immu-
noblots (Inki ez al., 1994). HA was recognized with a specific probe (HABC)
prepared from the hyaluronan-binding region of cartilage PG (Wang et
al’; 1992; Ripelling et al., 1985). Rhedamine-conjugated secondary anti-

Table 1. Antibodies used in the present study

Antigen Anu’body ‘Reference
Biglycah MAb LF-51 Fisher et al., 1989
CD44 . MAb Hermes-3 Jalkanen ct al., 1987
Decorin Polyclonal anti-peptide  Krusius and Ruosizhe, 1986
antibody ’
BM-HSFG  MAb 458, Chemicon International;
CO clone 7E12 Temecula, CA
. Syndecan-l  Polyclonal anti-peptide  Inki et al., 1904
Lo antibody

CHEMOFIN RICERFARMA

-» SCANSIONE

OKSALA, SALO, TAMMI, HAKKINEN, JALKANEN, INKI, LARJAVA
i N : A
i ' :
!
bodies were afﬁnimpuriﬂed, one against rabbit and the other against mouse
I1gGs (Boehringer Mannheim; Indianzpalis, IN). o

Lnmunalealization. 'To remave chondroitin sulfate chains in PG core
proteins, the frozen sections were treated with 1.25 U/m! of chondroitinase
ABC from Prosess vulgarss (Seikagaku Kogyd: Tokyo, Japun) in buffer{0.5 M

Tris, 0.05 M sédium acetate, 0.01% bovine serum albumin (BSA; Sigma, -

8t Louis, MO), pH 7.2}, at 37°C for 16 min. Afref five rinses in FBS, non-
specific staining was blocked by incubating stides for 30 min in PBS con-
taining 0.1% BSA (0.1% BSA-PBS).

The primary antibodies (Table 1) were dilured in 0.1% BSA-PBS and
used at a concentration that had been tested to give the best immunorezc.
tion compared to background staining. After 60 min, sections were washed
four times in 0.1% BSA-PBS, 15 min each. Rhodamine-conjugated sec-
ondary antibodies (1:50, in 0.1% BSA-PBS) were applied on the sections
for 60 min. Afterrinsing, the sections were washed twice in distilled water
for 10 min and air-dried at room temperature (RT). The sections were then
mounted with cyancacrylate adhesive {Extra Super Glue; ChemoTech Chem-
iral, Taiwan). Central stainings were carried out as described above with
nan-immune rabbit serum (1:100) s the primary antibody and rhodamine-
conjugated anti-rabbit IgG as the secondary antibody.

Immunofluorescence was analyzed with 2 Leitz Aristoplan research mi-
croscope equipped with UV light as epifluoiescence. Stafnings were pha-
tographed on Kodak TH-X Pan 400 film using Leiz Atistoplan photographing
automat. ’ ‘

Localization of CD44 and HA in parallel pacaffin-embedded sections
was performed a5 described earlier (Wang et al., 1992}. Briefly, for HA stain-
ing, scetions were incubated in 1% BSA for 30 Afnin and then with bictinylated
HABC (5 pg/mi) overnightac 4°C. Sections were then washed and incubated
in avidin-biotin-peroxidase 1:200 (Vecror Laboratories; Irvine, CA) for 1 hr
and thereafier stained in 0.05% 3,3-diaminobenzidine {Sigma)dnd 0.03%
H1Q; in buffer until the colgr developed. For immunostaining of CD44,
sections were incubazed with 1% BSA for 30 min. Thereafter, MAb Hermes-3
(1:300) was incubated on slides overnight at 4°C. Endogsnous peroxidase
activity was blocked by incubaring slides with 0.03% H,0; in gnhyarous
methanol for 3 min. Sections were incubated with biotinylated anti-mouse

secondary antibody (1:190¢; Vector) and avidin-biotin-peroxidase (1:200)

for 1 hr at RT After rinsing, CD44 was visualized by the 3 3.
diaminobenzidine reaction as described above. Sections were mounted with
Permount and aalyzed by light mictoscopy.

Results

Morphology of Healing Mucosal Wounds

Routine histochemical stainings [hematoxylin and eosin (HE) stain-
ing, fibrin staining by PTAH] were used to demonstrate the migrd-
tion pathway of the epithelium and the formation of grahulation !
tissue (Figures 10-1F). In 1-day-old wounds, clot was easily decect- |

able in HE stainings (Figure 1D). At the wound margin, the epi-
thelial sheet showed signs of initial movement into the wound space.
However, the migration was still limited. Three days after wound-
ing, the epitheliz! sheets from the wound margin had migrated

about 250 nm into the wound space (Figure 1E). The migrating -

sheets appeared to progress through the clot rather than below it.
In 7-day-old wounds, the epithelial sheets had confronted and closed
the wound gap that was still deteceable by HE and fibtin stainings
(Figures 1F and 5D, Sorne fibrin was still seen jn the granulation
tissue in which collagen fibers first started to appear {Figure 5D).
Based on the colots of the PTAH staining {old collagen red and
new collagen pink), we found thar collagen was first deposited un-
der the newly formed epithelinm. : C

oo2/007
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Figure 1, Expression of BM-HSPG in (4) t-day-oid, (B) 3-day-ald, and (G) -day-old wounds. Arrewheads mark the wound margins (A‘C)j a.nd migrating apibo}us
(B). A blood vessal posilive for BM-HSPG is marked with arrow, {D-F) Carresponding hematoxylin and gosin stainings of the wounds. FC, fiprin clot; GT, granulation
tissua. Bars: A,D = 20 pm; B,C,E,F = 50um.
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Figuie 2. Expression of {A-C) CD44 and (D-F} syndecan- in 1-day-old (A,D), 3-day-old (B,E), and 7-day-old wounds (C,F). Arrows mark the wound margin on
Day 1; arrowheads mark the migrating epibolus on Day 3, and the weund margins on Day 7, respectively. FC, {ibrin ciot; GT, granuiation lissue; Bars: A,D =
20 um; B,C,E,F, = 50 um. ) :

Imnmunolocalization of BM-HSPG, CD44, and .of some blood vessels, No .markf:d changes were seen int the stain-
Synd. 1 in Heal J ing at the wound margin in I-day-old wounds (Figure 1A). BM-
yraccan-l in Healing Wounds HSPG was, however, absent under the migraring epibolus in

HSPG was specifically localized at the BM zone of the non-wounded 3-day-old wounds (Figure 1B), After complere epithelialization of
mucosal tissue (Figures 1A-1C). It was alse localized in the walls 7-day-old wounds (Figure 1C), firse sigas of HSPG expression at
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the regenerating BM zone were evident but were visible only at
higher magnification (not shown). However, this staining was weak
and discontinuons, Granulation tissue blood vessels appeared nega-
tive for BM-HSPG expression (Figure 1C).

(D44 was immunolocalized in mucosa! wounds by Hermes-3,
an MAD that recogaizes epiropes in the constant part of the CD44 -
molecule (Figures 2A-2C). It allows the localization of all
epithelivm-, leucocyre-, and fibroblast-specific CD44 species (Picker
eral, 1989). In non-wounded mucosa, CD4% was localized in ail
layers of the suratifying epithelium except for strarum corneum,
and throughour the connective tissue when MAb Hermes-3 was
used. [n the epithelium, CD44 decorared the surroundings of the
stratifying keratinocytes. In 1-day-old wounds, the first epithelial
cells thar had started lateral migrarion were rather weakly CD44-
positive (Figure 2A). Some blood cells inside the fibrin clot were
also Hermes-3-positive. Migraring epithelial cells in 3-day-old
wounds were CD44-positive in a fashion similar to the normal
mucosal epithelium (Figure 2B). In 7-day-old wounds, CD44 |o-
calization around the keratinocytes resembled thar of the normal
mucosa, except that a few more upper cell layers were still negative
(Figure 2C). Newly formed granulation tissug scrongly expressed
the Hermes-3 antigen (Figure 2C). In 1-day-old wounds, the ker-
atinocytes at the wound margin were almost negative for syndecan-l
expression (Figure 2D). In the migradng epibolus of 3-day-old
wounds, only the most basal cell layer was syndecan-1 positive,
whereas suprabasal cell layers were negative (Figure 2E). After corn-
plete reepithelialization of 7-day-old wounds, syndecan-1 was scill
absent in the various upper cell layers of the confronted epithe-
hun (Figures 2F and 5C). The granuladon rissue was negative for
syndecan-l expression (Figure 2F). Higher magnification tevealed
that syndecan-1 in nonaffected oral mucosa was localized oaly in
the epithelium, where ir surrounded the keratinocyres in several
stratifying cell layers (Figure 3B). However, che basal cell layer was
weakly stained by the syndecan-1 antibody (Figure 3B). During
migration, only the most basal cells of the epibolus were syndecan-
1 posidve (Figure 34).

Localization of Small DSPGs (Decorin and
Biglycan) in Healing Woundys '

Decosin was abundant in the connective tissue of non-affected oral
mucosz, s shown previously (Hikkinen et al,, 1993). No decorin
was found in the wound area on Day 1 (Figure 4A) and Day 3 (Fig-
ure 47). Firstsigns of decorin deposition were seen under confronced
epirhelium on Day 7 (Figures 4C and 5B). Biglycan was distributed
throughout the mucosal connecrive tissue of non-affecred sites but

was absent from the wound site at all time points studied, Day
1 (Figure 4D), Day 3 (Figure 4E), and Day 7 (Figure 4F).

Figure 3. Expression of syndecan-1 in {A) migrating epithelium and (B} in epl-
thelium of nen-wounded mucosa. Arrowheads mark positive staining of synde-
can-1 in stralifying keratinocytes (B). Arrows mark syndecan-1-negative basal
cells in non-wounded area but positive in migraling epithelium of a 3-day-old
waund, CT, connective tissus; FC, fibrin clot. Bar = 10 um.
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Figure 4. Immunotocalization of (A-C) decarin and (D-F) biglycan in 1-day-old

margins (A,D,C,F) and migrating epibolus (E). Arrows-mark the subepithelial granulation tissue strongly positive for decorin ({
Soms background staining Is visible in FC. FC, fibrin clot: GT, granulation tissue. Sar = 50 pm.

{A,D}, 3-day-olkd (B,E), and 7-day-old wounds (C,F). Arrowheads mark the wound

C) but negative for biglycan (F). (E,Q)
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Figure 5. [mmunolocalization of (A) CD44, (C) syndecan-1, and (B} dacarin in 7-day-old wounds. CD44 and syndecan-1 localize in ceil—cell contacts of stratifying
karatinocytes (A,C, arrowheads). Basal cell layer is negative for syndecan-1 (C, arrows). Decorin appears first in the subapithetial granuiation tssue (Detwean
arrows and arrowheads in B), at the sama site with first collagan fibers (betwaen arrows and arrowheads in fibrin staining, L), in parallel sections of the same

speciman. GT, granulation tissue; FC, fibrin clat, Bar = 20 um.

Locatization of PGs in Granulation Tissue and
Confronted Epithelinm

Expression of different PGs in granuladion tissue and confronced
epithelium was then compared with higher magnification (Figure
5). CD44 was well expressed at the granuladon tssue where
synderan-1 was absent (Figures 5A and $C). In epithelivm, the lo-
calization resembled that of non-affecred aceas. However, in up-
permost cell layers of the epithelium, syndecan-1 in particular was
still negative. The first signs of decorin expression could be seen
in the same area as che first collagen bundles (Figures 5B and D),
whereas no signs of biglycan expression wese evident (Figure 45).

Localization of HA In Healing Wounds

Because CD44 is considered an important recepeor for HA in maay
cell cypes (Aruffo er al., 1990; Miyake et al., 1990; Picker et al,
1989), we tried ro determine whether CD44 Jocalizes with HA o
the same agea of healing mucosal wounds, using parallel paraffin
secrions from the same specimen (Figure 6). HA and CD44 were
loczlized to the same region of the epithelium (around mucosal

keratinocytes} in all stages of wound healing (compare Figure 6A-6C
with Figures 6D-6F). In normal copoective tissue and granulaton
tissue, however, CD44 staining was resuicted in cells, whereas HA
was diffusely distributed chroughour the tissue,

Hyaluronan was sttongly present around the epithelial keratino-
cytes in all cell layers excepe for the stratum corneum of the non-
wounded epithelium (Figure 6), as has been reporred earlier (Tammi
et al., 1990). Connective tissue mauix was also diffusely stained
for HA. In 1-dzy-old wounds, accumulation of HA was seen at the
wound margia (Figure 610}, Migrating keracinocytes of the epibo-
lus were HA-positive, but the uppermost layers were HA-negadve
(Figure 6E). In 7-day-old wounds, the confronted epithelinm was
almost normally stained for HA, except for the less incensely stained

. epithelial depression in the middle of the wound (Figure 6F). The

newly formed granulation cissue was strongly positive for HA (Fig-
ure 6F).

Discussion
1n this srudy we localized three epichelial HSPGs and owo soft con-

nective tissue DSPGs in full-chickness mucosa! wounds of hurnan

oo7/007
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Figure 8. lhmunoloealizalfon of {A=C) CO44 and (

epibolus are marked by arrowheads, Arrows mar
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D-F) hyaluronan in i-day-old {A,D), 3-day-old
k granuiation Uissue (GT). FC, fibrin clot, Bar

(B,E), and 7-day-old wounds (
= a0 pm.

C,F). Wound margins and migrating
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subjects. We demonstrate thet syndecan-1, CD44, and BM-HSPG
are differentially expressed during keratinocyre migration. Furcher-
more, during granulation tissue formarion dechrin apoears in the
tissue along with the first collagen fibers, whereas the expression
of biglyean is still underecrable.

HSPGs are found n the excracellular macrix and on cell sur-
faces (Gallagher et al., 1986). They regulate cell—ell and cell-ma-
trix interactions and also bind groweh factors (Rucslahd and
Yamaguchi, 1991). In this study we have shown that CD44 and HA
localize ar the same region during healing of human mucosal
wounds. In wounds, expression of HA s increased (Weigel er al.,
1989) and may serve 25 a ligand for cell adhesion. It is possible
that epithetial CD44 has a role in recognizing HA in kerzrigo-
cyte-matiix interactions and cherefore has an imperraat role in
recpithelializacion during wound healing. Although an epithelial
variaat of CD44 has been reported to bind HA enly weakly in vico
(Stamenkoviz et al., 1991), ic is still possible that the HA-binding
site of epithelial CD44 is expressed by a proper protein folding,
Even by Day 1, the lateral sides of 2 wound bed had become posi-
tive for HA. This suggests that HA is first deposiced &t the areas
to which keratinacytes are expected to migrate and chat this migra-
uon may then be regulaced via cell surface-associared CD44. Binding
of HA 1s prebably not the only functicn of CD44 in keratinocytes.
CD44 is a mulifunceional cell surface PG thac binds high cn-
dothelial venule (HEV) ligand (Jalkanen et al., 1987), HA, fibronec-
tin, laminin, and collagens (Wayner and Carter, 1987}, These BCM
components are exposed during wound healing and are well-known
adhesion ligands for keratinocyres (Stenn er al., 1983, Terranova
et al, 1980 Murray et al,, 1979). Both CD44 2nd HA were also
strongly expressed in forming granulation vissue, Therefore, it is
pessible that CD44 functions as an HA-binding receptor in granu-
lation dssue cells, such as macrophages and fibrobiasts,

Syadecan-1 expression in wound healing was restricted in basal
keratinocytes of the migrating cpithelial sheer, Basal cells of the
normal mucosa, however, showed relatively weak expression of
syndecan-1. Because of its localization over the entire surface of ker-
atinocytes, syndecan-1 hzs been suggesced to function as 2 callcell
adhesion molecule in the epithelium (Hayashi er at., 1987}, Dur-
ing wound healing, keratinocyres are exposed to ECM molecules,
many of which are known ligands for syndecan-1 (Salmivirta eral,,
1991; Kiefer er al. 1990 Suneral., 1989; Saunders and Bcrnf1cld
1987; Koda eral. 1985) We found that the basal cell layer of migrat-

Ling keratinocytcs was positive for syndecan-1. Therefore, it Is possi-
ble that, during wound healing, syndecan-1 acts 2s an ECM-binding
recepeor. Syndecan-1 staining in migrating keratinocytes resembles
that of integrin receptors (av and asB1) (Larjava er al., 1993). We
can further hypothesize that syndecan-1 and integrins may func-
tion as co-teceprors in matrix binding in wound keratinocytes. In
cultured cells, chis kind of cooperation has been demonstraced
{Wocds et al., 1985). In addition, syndecan-1 may also function
in growth factor recognition during wound healing, since growth
factor levels are known to be elevated 2t wound areas (Werner et
al., 1992). Gus finding thar syndecan-1 is rather weakly expressed
In the epibolus agrees wich a recent report concerning mouse epider-
mal healing (Elenius et al., 1991). Induction of syndecan-l in

proliferaring wound margins was not so striking as that seen in the
mouse model (Eleniuseral., 1991). Ourstudy deals, however, with
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a model in which glands or hair follicles do not contribute to the
healing process, We also suggest that syndecan-i has the ability
to change its funcrion from cell-cell to cell-ECM interaction, and
vice versa. Whether o not this happens via the different syndecan
isoforms {Sanderson and Bernfield, 1988) remains ro be determined.

BM-associated HSPGs are 2 diverse group of PGs. Perlecan, 2
large 400-500 KD BM-associated HSPG, has been recently com-
pletely sequenced {Kallunki and Tryggveson, 1992; Noonan eral,,
1991). The antibody used in this experiment recognized an HSPG
with a molecular weight of 210 K (Kemeny et al., 1988). Even
though the smaller BM-FHSPGs have been suggested to be ploteo-
lytic fragmencs of a large BM-HSPG (Klcin et al., 1988; Ledbetter
et al,, 1985), it remains unknown whether the antibody we used
recognized the perlecan fmgmcnts or HSPGs of anather origin. BM-
HSPG was absent under migrating epithelial cells. Iz appears, there-
fore, thac it follows the sequence of deposizion of ocher classical
BM components (laminin, Type IV collegen) 20d Type VII colla-
gen (Larjava eral., 1993) during wound healing. Because BM-HSPEG
was not expressed by migrating keratinocyres, we propose char it
is not used by the cells during migration bur rather is needed for
regeneration of the biological functions of BM. It was inzeresting
that only 2 few endothelial BMs in notmal mucosa showed positive
sta.ining for perlecan, In addicion, the new capillarics in the granu-
lation cissue were complerely negative, However, in a previous study
we have shown that other classicel BM tomponents, such as lami-
nin and Type [V collagen, are present in forming bloed vesszls of
this area {Lagjava eral,, 1993). It can be speculated that BM-HSPG
expression in granulation tissue is low, allowing greater penecra-
tion of serum components into the regenerating tissue.

The firse signs of decorin expression were seen under che con-
fronted epithelium at the same acea in which the first coliagen bun-
dles were deposited. Because decorin has a high affinity for Type
[ collagen (Biznco et al., 1990}, it is most likely that decorin regu-
lates collagen deposition in healing wounds. Expressian of soft con-
nective tissue PGs is regulated by transforming growth factor p
(TGEB), which stimulates the expression of biglycan but down-
regulates that of decorin in vitro (Kihiri ecal., 1991). During wound
healing, we'did not note elevated expression of biglycan over deco-
rin in granulation ssue. In fact, biglycan was still absent in 7-day-
vld granulation tissue. It is conceivabie, cherefore, thac the expres-
sien of PGs in wounds s regulated by 2 qumber of cytokines in
4 concerted manner,

In snmmary, we have demonsirated for che first tme in hu-
mans the localization of major epithelial and connective rissue PGs
during wound healing. CID44 may funcrion as ag HA receptor in
wound healing, and syndecan-1 in recognition of ECMs. Decorin
may regulete connective tissue regeneration via collagen fibril for-
mation. [t is obvious that all these PGs have a specific spatiotem-
poral distsibutien during tissue regeneration, indicacing their im-
portance in normal epithelial and connective tissue biclogy
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