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Abstract: The basement membrane  between the epidermis  and  the dermis contains  unique  structures  that maintains  the attach-

ment  of the epithelium.  The components  of  the attachment  comp]ex  provide links to the intracellular intermediate filament net-
work  of  basal keratinocytes and  to the extracellular  matrix  of  thc papi1]ary dermis. One  of  the key components  ofthe  anchoring

complex  is laminin 5. Laminin 5 is essential  to epidermal  attachment,  as  genetic mutations  in thc laminin 5 genes cause  lhe severe

blistering phcnotypc of  Herlitz'sjunctional epidermolysis  bullosa. It is c]ear  that laminin 5 binds the hcmidcsmosomal intcgrin
a6B4,  but the mechanism  by which  laminin 5 binds either components  of the basernent membrane  or of the papMary dermis stilt
remains  incompletely understood.  Reeent research  progress indicatcs the fo11owing results: (1) laminin 5 is uniforrnly distributed
along  the epidermal  basement membrane  while  type VII collagen  is conccntrated  under  hemidesmosomes; (2) laminin 5 is ex-
tracted from tissues in twe  forms, as  a  rnonomer  and  as  a  covalent  complex  with  laminin 6 or  7, and  the laminin 5-6f7 complex  can

interact with  other  basement  membrane  componcnts  through  an  interaction mediated  by nidogen;  (3) laminin 5 binds the  NHf
terminal  NC-1  domain  of  type  VII colLagen;  (4) monomeric  laminin 5 constitutes  the anchoring  filaments and  bridges integr[n
a6P4  with  type  VII collagen;  (5) in a3  integrin null  mice,  a  normal  basement  membrane  appears  beneath the hemidesmosomes,
but it ]acks the basement membrane  in thc  interhemidesmosornal regions.  From  these  observations,  we  propose that monomeric

laminin 5 is the  major  species  contributing  to the epidermal-dermal  stability  of  attachment,  while  the laminin 5-6r7 complex
contributes  to the assemb]y  and/or  stabi1ity  of  the basement membrane  between hemidesmosomes.
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Introduction

   The  attachment  of  externa]  cpithelia  to the  underlying

stroma  is mediated  by a  unique  unit  of  ultrastructural  entities

within  the  basement  membrane  zone,  called  the attachment

complex]).  This complex  includes hemidesmosomes  on  the

basolateral surface  of the epithelium,  anchoring  filaments that

bridge the hemidesmosomes with  lamina densa, and  anchoring

fibrils that form an extended  network  surrounding  stromal  fi-
brous eLements  and  insert into the basement membrane2].  This

complex  represents  a  continuum  of intermolecular interactions
that originates  within  the epithelial  cells,  spans  the plasma mem-
brane via  hemidesmosomal transmcmbranc  proteins, extends

into the  underlying  cxtracellular  matrix,  and  functions to en-

hance cell-matrix  attachment.  The  attachment  helps maintain

the integrity oftissues  that are subjected  te externally  applied

force, such  as skin,  oral and  vaginal  mucosa,  esophagus,  cor-

nea,  and  amnion2].  Indirect evidence  in skin  that the attachment

complex  plays an  important role in epidermal-dermal  integrity
comes  from studies  of  the diseases bul]ous pemphigoid and
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epidermolysisbullosa3'.

   In this rnini-review,  we  concentrate  on  one  of  the wel]-stud-

icd attachmcnt  complcx-containing  Lissues, thc dcrmal-epider-
mal  junction of skin. In skin, thc keratinocytes overlie and  are

attached  to the basement membrane  that consists of  at least two

merphological  layers, the larnina lucida and  the electron-dense

lamina densa, as  shown  in Fig. 1, The attachmcnt  sitcs  within

the plasma membrane  of the keratinocytes are numereus  elec-

tron-dense  plates, called  hemidesmosomes, which  are  connected

to the cytoskeletal  keratin filaments!), On  theirextracellular

side,  the  hemidesmosomes  are  connected  to the lamina densa

through  microfilamentous  structures  (anchoring fi]amenLs) lo-

calized  within  the lamina lucida!'4'. The basal lamina is at-
tached  to the  papillary dermis  via  thickcr  centrosymmctric

microfi]amentous  structures known as anchoring  fibrils5'7'. Re-
cent  advances  in our  understanding  of  the composition  of  the

anchoring  compLex  indicates that it derives from multip]e  mol-

ecules.  Therefore, in this review  we  attempt  to summarize  the

characterization  of  the  molecules  within  thc  anchoring  com-

p]ex and  the interactions of  these  molecules  which  provide the

functions ascribed  to this complex.

                 Hemidesmosomes

   Ultrastructurally, hemidesmosomes  appear  as  e]ectron-dense

plaques found along  the basolateral surface  of  keratinocytes.
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Fig. 1. I.ight micrograph  an

basement membrane  zone).d

 transmissien electron  micrographof  thedermal-epiderma]junction of  human  skin  (from whole  skin  to

   A  striking feature of  hemidesmosomal plaques is the inser-
tionoffineclcctron-denseintracellu]arfilamcntsintotheplaques

from both the insidc of  the  cell  and  t'rom the bascment mem-
brane as scen  in Fig. 1. Thc  intracellular filaments, or  tonofila-
ments,  are  composed  of  keratin intermediate filamenLs. The
tonofilaments  look yery  much  ]ike the fibrillar e]ements  of  the

cytoskeleton  that converge  into desinosomes. The cxtracelLular

fi]aments, or  anchoring  filaments, extend  into the basal lamina
and  appear  to bc continuous  with  anchoring  fibrils, which  en-

trap collagen  fibrils in the papillary dennis]',
   Molecular  characterization  of the hemidesmosomes indi-
cates  that they  centain  at least two transmembrane  proteins, the
integrin a6B4?'"'"1 and  BPAG-2  (bulleus pemphigoid  antigen

2)+"･H'. The  intraccllular domains of these  two  proteins interact
with  BPAG-1  (buLlous pemphigoid antigen  1) and  with  the
molecule  plectin (HD-1)iN"L PIectin and  BPAG-1  bind thc

keratin filaments, thus bridging the cytokeratin  network  with

the transmembrane  hemidcsmosomal proteins. The  exodomain

ofBRAG-2  contains  amino  acid  sequences  that predict a triple-
helical structure,  so  that BPAG-2  has also  been  termed  type
XVIIcollagenM.

                Anchoring filaments

   The anchoring  filamenLs span  the lamina lucida and  insert
into the ]amina densa. At  high resolution,  the anchoring  fila-
ments  appcar  to bridge the  hcmidesmosome  with  the centrosym-
melrically  banded anchoring  fibrils, as  shown  in Fig. 1. The
subbasal  dense platc parallels the plasma  membrane  at the ex-
tracellular side  and  appcars  to serve  as  an  attachment  site for
the anchoring  Il]amentsi5}. Thc melecular  assembly  of  the dense
plate is still obscure.

   The  molecules  contained  in the anchoring  filamcnts have

[[hb}e 1.Composition and  localization of  Iaminins

Laminin Components Localization

lamininlamininlaminin]atnininlaniininlamininlamininlamininlamininlaminin]aminin1234567891011ctIBIyla2PlvloclB2yla2B2yla3B3na3Blyla3S2yla4Blvla4B2yta5Blylor5B2ylccntral nervous  system,  kidney
peripheric nerve,  striated  musc]e.  pancreas, placenta
synap(]cJunc"ons

muscle,placenta

epithelium:  skin,  amnion

epithelium:  skin,  amnion

epithelium:  skin,  amnion

hcart, lung, placenta
heart, lung, placenta
skin,  heart lung, placenta, kidney
skin,  heart, ]ung, placcnta, kidney
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been ptirtly identil'icd and  characleriicd.  Thcsc inc]udc the
exodomains  of integrin a6B4  and  BRAG-2,  and  a molecule  now

known  to be a  ]aminin. As  descnbed  in Table I, the laminins

are a gi'ewing rapidly  family ofmolccules.  and  there  urc  pres-
ently  1 1 published laininin subtypcsL6  

iS'.
 Of  these,  laminin 5

localiLes te the anchonng  filaments`'. Laminin 5 contains  three

umque  subumts,  a3,  B3, and  y2iV!]}. In skin  tarnmm  5 ig pru-
teo]ytically processed after secretion2!), The 200-kD a3  chain

is cEeavcd  to 165.-kD and  finally to 145-kD. Thc B3 chain  rc-

mains  intact, while  thc y2 chain  is processed from  I55-kD to
105-kD by Bone  Morphogenic Protein-1 (BMP-]) 2X',  previ-
ously  known  as  typc  I procollagen C-proteinasc, Th]s process-
ing rnay  be required  for the asgembly  of  the epiderma]  hase-

ment  membrane  of  skin2i'  The y2 chain  lacks the nidogen  bmd-
ing conscnsus  sequcnce  and  thug  cannot  bind mdogcn  under

physiolugieal cond]tions!4),  thcrefore  laminin 5 alone  cannot

asseciate  with  the col]ugen  IV networks  in the basemcnt mem-
brane. Lamdnin  5 also  lacks the  short  arm  domains  be]ieyed to

bc requircd  to promote assembly  mto  lammin  netwvrks2fi).  The

mechanism  ef  the mteraction  o(' [aminin 5 w]th  lhe lamma  densa
and  with  theanchoring  fibrils has only  recently  been elueidated

   It is known  that monomcric  lainmin 5 binds integrin o[6B4

ut  the ot3 COOH-temnjnal  G  domain]C']. In a recent  gtudy,

Rousselle et  tt].2-' have  demonstrated  that monemeuc  lamintn
5 can  bind the NH,-termina] NC-1 domain of  type VII col]agen,
The relutivc  bindmg of  typc VII collagcn  NC-1  to typc IV col-

lagen is moderate,  but thc binding te other  basement  mernbrane

components  is min]ma[  as compared  with  thc strong  binding to
]aminin 5. The bindmg is dependent upon  the native  conforma-

tion of  both Tamtnin 5 and  type  VII eollagen  NC-I  ,

                  Anchoring fibrils

   The anchoring  fibrils onginate  ",ithin  thc larnina densa and

prqject into the  upper  regions  of  thc  papillary dermis. About

 800 nm  in lcngth, the anchoring  ri brils cither  loop back to rc-
]nsert  ]n(o  the larnina densu, or  insert into structures  termed
C"anchoring

 p]aques" that appear  as  junctions betweeii two  or

merc  anchoring  fibrils7', Addilional unchoring  fibrils origjnate

in thc  plaqucg and  cxtcnd  turthcr inLo papillury dermis. The
resulting  necwork  engulfs  banded collugen  fibers and  other  f]-
brous e]erncnts  (eiastic micro  fibn]s, beaded  rruuroi'r  lamentb. and

so on>  ef  the papMary dermis, thus  assuring  the  strength  of the

union  of  the  basemcnt mcmbranc  and  the  upper  dcrmis

   Anchoring fibrils ure  disulfide bond-scabiliLed dimers of
type  VII collagen6),  The b}esynthetic product is a menomer
containing  a  large NH,-terminal  globular domam,  NC-  1 , an
unusua]]y  long and  intetTupted  triple-helical dumain,  and  a re]a-

tively sma]1  COOH-terminal giobu]ar domain, NC-2, thaUs

preteolyticully removed  during maturation  oi' thc anchomng

fibr]ls, and  is probab]y involved  in  the  dirneriiation proceggih
]t',

 Immunoclcclron mjcroscopic  studics  of  thc  lecalization of

well-characteri7ed  epstopes  within  type  VII collagcn  indicate

that  the  NC-1  domain  is contained  within  the  lamina  densa'i

The ultrastructure  of  the anchonng  eoinplex  aigo  suggests  a

direct interaction  oi  the  anchoring  fi]amcnts with  the  anchor-

ing I'ibrils within  thc  lainina dcnsaS). Both  observa[]ons  are

congistent  N-,ith the reported  direct b]ndmg of  laminm 5 to type

VII col]agen.  Thereforc, a  niodcl  okhe  inlcractions that stabi-

li7e tlie epidermal-dermal  attachment  is now  propoged as shewn

in Fig. 2 that postulates keratinocyte binding lo the G  domams
oi' laminin 5 a3  chain  via  integrin  a6S4  land perhaps through

BRAG-2  as  wcll),  stron.g. binding of  Chc laininin 5 to th¢  lype

VII co[lagen  NC-] demain, and  moderate  hmchn.g of  the type

VII co]Tugen  NC-1  demuin to the hasement membrane  through

interactions of  NC-  1 wlth  type  IV  collageni7i'  
i2'

   Thc ep]thclia] bagcment membranc  eontains  al leasl lwo  ad-

ditional cpithclial-spccific  laminins, laminins 6 (oE3fi rvl } and
7 ((x3 fi2vl), Lainmin  6 has ne  detectablc atTinit.v  for typc  VII

:

     Tt::b",al

     
'f'

Lamtnadensa

PapHiaryDermis

:
(Type Vl cotfagen)

n)

Ancheringcomplex lnterhemidesmesomal  strucutrue Anchoringcomplex

Fig, 2.Medel  for the presence of  monomeric  laminin 5 and  comp}exed  laminin 5 within  a  derma]-epidermaL junction.
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collagen  NC-1,  indicaling that the binding is mediated  by  the

B3 andlor  Y2 chains  of laminin 5, Thus, neither  ]aminin 6 nor

laminin 7 are  predicted to substitute  for laminin 5 within  the
hemidesmosome.  The genetic analyses  of  mutations  in thc lami-
nin  5 chains  in patients withjunctional  epidermolysis  bullosa
are consistent  with  this prediction.

           Interhemidesmosomalstructures

   Ultrastructurally, laminin 5 is uniformly  distributed along

the epithelial  basement  membrane4),  while  anchoring  fibrils and
type  VII collagen  are concentrated  under  hemidesmosomes  and

show  insertion of  the ends  of  the  fibrils into the lamina densa at
hemidesmosomesS'6]. The  observations  summarized  above  sup-

port a model  predicting that monomeric  laminin 5 constitutes
thc anchoring  fi]aments and  is the primary bridge betwcen
hemidesmosomaL integrin oc6B4  and  type VII collagen  as  shown

in Fig. 2. However,  the precise roles  of  laminins 6 and  7 are
less clear.

   Laminin 5 can  be incorporated into the basement membrane
through  a  unique  mechanism  invo]ving cross-linking  of  lami-
nin  5 with  laminin 6 or laminin 7i7'. Approximately one-halfof

the laminin 5 solubilized  from human amnion  or  skin  is co-
valently  complexed  with  laminin 6 or  laminin 7, the other  half

being monomerici'),  The  adduction  occurs  between  the NH!
terminus of  laminin 5 and  the branch point of  the short arms  of

laminin 6 or laminin 7, The  results  are  consistent  with  the pre-
sumed  orientation  oflaminin  5, having the COOH-terminal G
domain apposcd  to the hernidesmosomal integrin and  the NH2-
terminai domains within  the lamina densa. Thc  presence of  the
laminin vl chain  within  laminins 6 or 7 within  this complex

allows  strong  binding of  the complex  to nidogen,  and  therefore

also to type  IV  collagen!`).

   The  conclusion  that the  characteristics  ofmonomeric  larni-
nin  5 best fit its dircct role  in the anchoring  complex  as  de-
scribed  abovc,  and  the observation  that laminin 5 is uniformly
distributed along  the epidermal  basemcnt membranc4),  suggests

that the laminin 5-6t7 complex  is likely to he present within  the

basement  membrane  between  hemidesmosomes. It is capable
of  associations  with  the basolateral plasma  membrane  through

integrin a3B1,  slnce  a3B1  integrin can  bind to the G domains
of  laminin a3  chain]3']4}. The predicted presence of the laminin
5-6X7 complex  within  this space  further suggests  that the com-

plex initiates basemcnt membrane  asscmbly  at these sites or
stabilizes  the basement membrane  ence  assembled.  This model
is illustrated in figure 2?7).

   The recent  studies  ofa  mouse  engineered  as a genetic abla-
tion of  the gene encoding  the a3  integrin subunit  supports  this

model  of  interhemidesmosomal  assembly3S).  The newborn

mouse  suffers  blistering at the dermal-epidermal junction, al-

though  the phenotypc is less severe  than  in integrin or6-null or

integrin B4-null micei`'ifi' 
;i'.

 Ultrastructural analysis  of  the skin
of  this mouse  indicates that a norma]  appearing  basement mcm-

brane is prescnt beneath the hemidesmosomcs, but the base-
men{  membrane  in thc interhemidesmosomal region  is lacking.

Conclusions

   Recent studies  suggcst  a  model  fbr the molecular  composi-

tion and  arTangement  of  the dermal-epidermal attachment  com-

plex in skin  as  described in Fig. 2. Monomeric  laminin 5 visu-

alized  as the anchoring  filaments, bridges the hemidesmosomal
transmembrane proteins, integrin tt6B4  and  type XVII collagen,

with  type  VII collagen,  the anchoring  fibrils. [Ihe tight binding
of  laminin 5 to ot6B4  and  to type VII collagen  provides the

primary resistance  to frictional forces. The  cytoskeletal  pro-
teins, plectin and  BRPLG-1, bridge the hemidesmosomal  trans-
membrane  protcins with  the cytokeratins.  The laminin 5-6/7
complexes  are present within  the interhemidesmosomal  spaces

where  they bind at  least integrin a3Bl,  and  where  they may
mediate  basement membranc  assembly  or  stability, but they
contribute  less significantly  to epiderrnal  friction resistance.
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