INDIAN J DERMATOL VENEREOL LEPROL1998;64:259-245 e esase: 959

CONTINUING MEDICAL EDUCATION

CHEMOKINES IN THE SKIN
D Parsad

In last few years, focus has shifted from cytokines which have pleiotropic biologic properties to
chemokines with target cell - selective activity. The separation has led frequently espoused proposition that
chemokines are involved in the pathogenesis of disease having specific infifirates and point to possible rote in
chronic skin diseases. Depending upon the structure these chemokings are divided into three subfamilies, two
major subfamilies: CXC and CC, and one putative subfamily C with only one member known as lymphotactin.
Arecent insight into chemokine physiology comes from demonstration of interaction between chemokines and
their cloned receptors. These chemokine receptors are members of the fransmembrane spanning (7-TMS), G-
protein- coupled receptor family, So far CXC chemokine receptors and seven CC receptors have been cloned.
Recently, the importance of selective chemoattractant activity of chemokines has been overshadowed by
chemokine receptors emerging as new targets for anti- HIV therapy as the connection between chemokings
and Hiv-thad been estabilished. Among the CXC chemokine receptors, CXCR4, and among the CC chemokines
receptors, CCRI, CCR2b, CCR3, and CCRS5 have been implicated as HIV-1 coreceptors.
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In last few years, focus has shifted from
cytokines which have pleiotropic biologic prop-
erfies to chemokines with target cell selective
activity. This specificity for leucocyte subset is
separates chemokines from  other
chemoattractants. To date more than 40 mem-
bers of this family have been identified and it is

striking to recall thatsuch a large family of pro- -

“teins and their receptors was unknown less than
10 years ago.}

Chemokines are small with molecular
weight in the range of 8- 12 KD and has been
-further subdivided into three subfamities based
on structural and geheﬂc "considerc:n‘ions.2 One
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‘major chemokine subfomily is called as “C-%-

C" because the two amino acids nearest the
N- termini of these profeins are separated by.a
single amino acid.3* They are chemotactic for

“neutrophils and/or T- lymphocytes in vitro, bu?

are not chemotactic or minimally chemotactic
for monocytes, eosinophils or basophils. In con-
trast, "C-C" subfamily shows two adjascent
cysteines near the amino terminus as a cone
served structure, They are not neutrophil atfract--
ant but are chemotactic for monocytes, T
lymphocytes, basophils and eosinophils.‘Re«

" cently lymphotactin which is a potent altract-

ant for T- lymphocytes, but not monocytes has
been described.? It has only two cysteines and i
has been suggested that it belengs to a third
chemokine subfamily denoted C because of -
the lone cysteine in the N- terminal domain.
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Chemokine receptors are members of the
7- transmembrane spanning (7- TMS), G-protein-
coupled receptor family through which various
chemokines act.¢” So far, four CXC chemokine
receptors and seven CC receptors have been
cloned.! The understanding of chernokine physi-
ology has been made perplexing by the “ pro-
miscuous relationship” between chemokine
receptors and chemokines aithough it does not
" cross CC versus CXC boundaries. Recently it has
been demonstrated that chemokine receptor
expression can be regulated, IL -2 strongly
upregulates expression of CCR1 and CCR2 in
“circulating T cells.”

CXC chemokines

The prototypic.CXC chemoking is IL-8 , syn-
onymous with monocyte- §ole:rived neutrophil
chemotactic factor, is a novel cytokine that in-
duces chemotaxis, degranulation, respiratory

burst, adherence, shape change, Ca** mobili-

sation, and regulation of CD 11b/CD18 glyco-
protein in human neutrophils.’1° IL -8 is produced
by monocytes, alveolar macrophages, en-
dothelial cells, fibroblasts, epithelial cells when
these cells are stimulated with lipo-
polysaccharides (LPS), TNF-« or IL-1p." In vifro
experiments have shown that IL-8 is produced
by a variety of cell types including cultured
keratinocytes, dermal fibroblasts, endothelial
cells and melanocytes in a time and concen-
tration dependent manner.®4 Only IL-1a could
be shown {o be stored in normal skin and there
is absence of IL I8 bioactivity in the epidermis
therefore suggesting keratinocytes rather than
bone -marrow derived cellular source.” De-
pending upon the type of stimulus there can be
two different types of IL-8, the most abundant
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and potent formis 72 amino acids long which is
secreted upon stimulation with TNF-a and sec-
ond form is 77 amino acids variant also known
as endotheliatIL -8 because of synthesis by these
cells which is secreted upon primary cytobkine
stimutation.'2® Significant amount of 72 amino
acid variant amounts of IL -8 were shown in pso-
riatic scales and in the lesional skin of patients
with psoriasis, and keratinocytes may be the pro-
ducer cells." Therefore this chemokine could
play arole in keeping up the inflammatory pat-
tern seen in psoriasis, and it may be linked to
epidermal hyperpraliferation.'s It was further
shown thatin the presence of arachidonic acid,
IL-8 stimulates neutrophiis to produce large
amounts of LTNB 4 thus providing a distinct loop
for amplification of inflarmmation.'¢ There are fwo
receptors that bind IL-8 with high affinity, The one
CXCR! which recognizes IL-8 only and second
CXCR2 which recognizes GRO, NAP-2, ENA-78
along with IL-8.7

Table 1. CXC chemokines

Name Chemotactic for Stimuli Receptors
-8 PMN*Tlymphocytes | IL-1 TNFa CXCRY &
basophils CXCR2
GRO-a PMN,Melanoma cell| IL-1 TNF-a CXCR2
GRO-B PMN.2End. Cell | K-1,NF-a | CXCR2
GRO+y PMN.2 End. Cells | IL-1 TNF-a CXCR2
IP-10 Tlymphocytes, TLO | iFN-y CXCR3
MIG T lymphocytes, TiL IFN-y CXCR3
Piatelet factor 4 fibroblasts ? 2
SDF-la lymphocytes ? CXCR4
GCP-2 PMN IL-1. TNF-et ?

* PMN-Polymorphonuclear leukocytes, ® End Cells- Endothelial
cells, 7Tl - Tumor infitiroting lymphocytes.
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Another important chemokine in the skin
is IP-10, the product of an interferon -y . A variety
of cell fypes express IP -10 in vitro including mono-
nuclear cells, keratinocytes, fibroblasts, endothe-
lial cells and T lymphocytes.'®¥ It is a poor neu-
trophil chemoatiractant and activator. IP-10 has
been detected in psoriatic plaques,®leprosy le-
sions and during the development of cutane-
ous delayed cellular immune responses.? Re-
cently it has been proposed that
epidermotropism of CTCL could be explained
by cytokine loop involving secrefion of
~ chemokine IP-1G by keratinocytes and IFN-o by
the lymphoid infiltrate.? The basis of this hypoth-
esis has been the overexpression of IP -10 shown
in skin biopsies from patients with mycosis fun-
goides. Taub et al have shown that human in-
terferon -inducible protein-10 induces mononu-
clear cell infiliration in mice and promotes the
migration of human T-lymphocytes into the pe-
~ ripheral tissues.® Some of the T-cell dependent
effect may be mediated by another IFN-¢, in-
ducible protfein isolated from macrophages
known as MIG. It has chemoattractant activity
in vitro for tumour infiltrafing lymphocytes.# Both
IP-10 and MIG share the same receptor and this
receptor CXCR3 has recenily been cloned.”

GRO-u {so named because of its initial de-
scription as the product of gene differentially ex-
pressed in fransformed hamster cells that had
suffered loss of growth control), also known as
MGSA or melanoma growth stimulatory activ-
ity, because of Its mitogenic effects on
melanema cell line, is a neutrophil - specific
chemoattractant secreted by activated monc-
nuclear cells along with IL-8 and having simitar
potency.? GRO-a has been detected in psori-
atic scale material in amounts comparable o
those of IL-8.7 In normal cultivated cell types,

the relative amount of GRO-a released was
found to be 5% to 20% of the amount of IL -8

secreted whereas in diseased skin equal

amount of IL -8 and GRO-a can be detected.
The different ratios of the chemokines in disease
could be due either to another potent and vet
unknown source of GRO-a or the presence of
performed GRO-a that is released under disease
condition.” GRO-B and GRO-y are closely re-
lated proteins that are also potent neutrophil
attractants. When the mRNA of different GRO
forms was investigated semiqantitatively in pso-
riasis lesions, GRO-o, was the most abundant form
whereas six-fold and 25 times lower amount of
GRO-B and GRO-y were detected , respec-.
tively.22 All the three forms of GRO bind to
CXCR2 receptors.®

The other chemokines without well- de-
fined and clear activity in skin are shown in -
Table 1. '

C-C chemokines

MCP-1 is the prototype of the C-C
chemokine subfamily, purified from different
sources with chemoatiractant and activator
properties. MCP-1is potent proinflammatory pro-
tein, as effective as the complement compo-
nent C5a in allergic diseases, induces high lev-
els of histamine release from human basophils,
and stimulates exocytosis, However fittle is known
about factors that induce the migration, acti-
vation, and mediator release of basophils/mast
cells ot the site of inflammation. Keratinocytes,
dermal fibroblasts and endothelial cells are ca-
pable of producing MCP-1.3 The accumulation
of monocytes in the epidermis and along the
dermo - epidermal junction in several different
inflammatory disorders can be party explained
by this monocyte specific chemokine, In vitro
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study has shown that MCP -1 is similarly potent
aftractant for activated CD4 and CD8 memory
T lymphocyies. 3 In csSoys using keratinocytes
and fibroblasts, it has been reported to atiract
NK cells. MCP-2 and MCP3 are other novel
monocyte chemoatiractants but are less pd’renf
and efficacious than MCOP-1.%2 The newest
members of the family are MCP-4 and MCP-
5.3 MCP-4 has similar structure as MCP-3 and
MCP -5 has so far oniy identified in the mouse.
Another C-C chemokine with important
rolein cutaneous inflommation is RANTES {fegu-
lated upon activation, normal T expressed and
secreted) RANTES is o protein of 8-10 kD,

Table i, CC Chemokines

Name Chemotactic for Stirmuti Recepiors
Monocytesmemory T | IFN-y, IL-1, CCR2 CCR4
MCP-1 Lymphocytes.basophils | TNF-a
NK cells
Monocytesmemor T 1IL-1, TNFat CCR3
MCP-2 lymphocytes basophils
NK celis, Eosinophiis
Monocytesmemory T | Allergen+1gEJCCR! .CCRZ )
MCP-3 Lymphocytes,basophils CCR3
NK ceils, Eosinophils
Monocytes, 2
MCP-4 Y . . 2 BCCR3
T lymphocytes.Eosinophils
MCP-5 Monocytes, ? CCR2
(mouse only}{T lymphocytes,easinophils
Monocytesmemory T TNF-o CCR1,CCRS,
RANTES Lymphaocytas, basophils CCR4.CCRS
NKcells, Eosinophils,
denditic cells
. Monocytes,T lym.CD8+ CCR1 CCR4,
MP-ic N ? )
Eosinophils, basophils CCR3
MIP-18 mMonocytes,CD4+ ? CCRS
ci0 T lymphoctes IL-4 2
Ectoxin Eosinophils 2. CCR3

chemoattracts eosinophils, monccytes, and
certain T-lymphocyte subsets and code for by

a gene cluster locate on human chromoseme
17.353 1t is most potent C-C chemokine for CD8+
chemoatiraction and it clso attracts and dcti-
vates N K ceils. RANTES can play crucial role in
allergic skin disorders as if is an important
chemoatiractant for eosinophils,® helper and
memory-T cell subsets.” RANTES, like MCP- 1
induces histomine release from basephiis.® Re-
cent investigations have shown that skin celis

“can produce RANTES. It con bind to three

chemokine receptors, CCRI, CCR2 and CCR3,
and all three dispiay overlapping specificity.!
Another member of this subfamily which rmight
emerge asimportant chemoking in skin diseases
is Macrophage inflammatory proteins( MIP-a., B).
which were purified from lipopolysaccharide
{LPS) - freated monocytic cell fines. MIP -la has
been reported to be a preferential and potent
chemotactic factor for activated CD8+ T cells,
whereas MIP-IB is found to be attractant for T
lymphocytes of the CD4* type, aithough there s
some overlap between subsets in response to

-both chemokines.¥” Recently it has been shown
that MIP-la. has seleciive activity on dendritic

cells,” NK cells,* basophils,”2 and eosincphils, @
whereas MIP Qlﬁ nas no activity on dendritic celis
and NK cells. One interssting function of MiP-o.
appears io be the inhibition of haematopoietic
stem cell proliferation. MIP l-a binds with CCR4
and CCRS receptors, and MIP-18  binds with
CCRE only . Recently another MIP cailed as
MiP-1y was isolated from murine macrophage
cell line and been shown to be expressed by
Langerhans cells. 4 it atiracts both resting anet
activated CD4 and CD8 cells in vitro.

Eotaxin is also important chemskine with
eosinophilic - specific activity.* Human eotaxin
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has been shown to attract eosinophils when in-
jected in primate skin and appears to use same
receptor on eosinophils as MCP-3 and RANTES.

Recently many new C-C chemokines
have been described mostly in the mouse (Ta-
ble ll}. Among these C10 and MIP -3f might
emerge as important members of chemokine
network of skin.% MIP-3 B is expressed only in thy-
" mus, lymph nodes, dermal fibroblasts and ap-
pendix.¥ '

C chemokine

So far, lymphotactin is the only member
of this putative fcmily. It was discovered in acti-
vated pro- T cells and lacks two of the four
cysteine residues that are characteristic of the
chemokines. It has chemotactic activity for T
lymphocytes, but not for monocytes or
neutrophils,® Lymphotactin is also expressed in
CD8+T cels. '

Chemokines and HIV

Chemckine receptors are emerging as.

nev;-'tqrgets for anti-HIV therapy as the connec-
tion between chemokines and HIV-1 has been
established . Cocchi et al showed that MIP-1a,
MIP-1B, or RANTES could prevent infection by
~ macrophage-tfropic, nonsyncytium- inducing
strains of HIV-1.# Soon after inhibitory effects of
chemokines on HIV -1 replication were de-
scribed, several different chemokine receptors

were identified as coreceptor for T and M-tropic |

strains. Among the CXC chemokine receptors,
CXCR4.% among the CC chemokine receptors,
CCRI,CCR2b, CCR3, and CCRS have been im-
plicated as HIV -1 coreceptors.’! Recently,
CXCR4 has been identified as areceptor for the
stomal cell - derived factor, SDF-1 and as a
_coreceptor for T-tropic viruses, > Furthermore it
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has been shown that multiple chemokine
receptors could serve as coreceptors for HIV -1
entry into dendritic cell and CC chemokines -
RANTES, MIP-1a. and MIP-1B has a profound ef-
fect on dendritc cell infection by M-tropic HIV--
] ‘53
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