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SUMMARY

MIG (monokine induced by IFN<) is a non-ELR
CXC chemokine ligand for CXCR3, a receptor
expressed primarily on T cells and NK cells. In con-
trast to related chemokines, MIG contains a long
C-terminal extension that is subject to inactivating
proteolytic processing. MIG is induced in a range of
cells including macrophages, endothelial cells, and
parenchymal cells, primarily in response to IFN~.
MIG is a chemotactic factor for T cells, particularly
following T cell activation, and has been shown to
induce adhesion of activated T cells to endothelial
cells. MIG’s primary role in vivo is presumed to be in
the recruitment of T cells and NK cells to inflam-
matory sites where IFN~ is being made. MIG has also
been found to inhibit colony formation from hemato-
poietic progenitors in vitro and to inhibit tumor
growth and angiogenesis in vivo.

BACKGROUND

Discovery

MIG was discovered by differential screening of a
cDNA library made from the RAW 264.7 mouse
macrophage cell line that had been treated with
supernatants from concanavalin A-stimulated sple-
nocytes (Farber, 1990, 1992). The mouse MIG
(MuMIG) cDNA was used to isolate the human
MIG (HuMIG) cDNA by screening a cDNA library
made from IFN~-treated cultures of the THP-1
monocytic cell line (Farber, 1993).

Alternative names

None.

Structure

Only the primary structure of MIG is known, which is
that of a CXC chemokine. When aligned with other
CXC chemokines, the MIG sequences contain a
highly basic region that extends beyond the C-termini
of the other chemokines to yield full-length mature
proteins of 105 and 103 amino acids for the mouse
and human proteins respectively.

Main activities and
pathophysiological roles

MIG is a chemotactic factor selective for lymphocytes
with greatest activity on activated T cells (Liao et al.,
1995). MIG is also active on NK cells (Rabin et al.,
1999). MIG has no activity on neutrophils or mono-
cytes. Consistent with its induction by IFNvy MIG
shows widespread induction in a range of models
of infectious diseases (Amichay et al., 1996) and
inflammatory disorders (Goebeler et al., 1998;
Spandau et al., 1998) and MIG’s primary role in vivo
is presumed to be in the recruitment of T cells
and NK cells to inflammatory sites where IFN~ is
being made.

GENE AND GENE REGULATION

Accession numbers

Mouse MIG cDNA: M34815; Mumig gene, promoter
region: X58682
Human MIG cDNA: X72755
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Chromosome location

Human chromosome 4q21.21 (Lee and Farber, 1996).

Relevant linkages

Humig is closely linked to genes for IP-10 (INP10,
SCYBI10) (Lee and Farber, 1996) and I-TAC
(SCYB9B) (Erdel et al., 1998) (see Figure 1), at some
distance from the other CXC chemokines on chro-
mosome 4 (Tunnacliffe ez al., 1992; Lee and Farber,
1996; Modi and Chen, 1998).

Regulatory sites and corresponding
transcription factors

Analysis has been confined to the mouse gene.
Regulatory sequences include possible NFxB and
AP-2 sites without proven function (Wright and
Farber, 1991) and a unique palindromic element,
~vRE-1, that mediates induction by IFN~vy (Wright
and Farber, 1991; Wong et al., 1994). yRE-1 binds
~vRF-1, a factor that differs from other IFN~-
activated transcription factors but which contains a
subunit antigenically related to p91/STAT1a (Wong
et al., 1994; Guyer et al., 1995; Feghali and Wright,
1995).

Cells and tissues that express
the gene

In the mouse, a low and variable level of expression
can be detected in the spleen, thymus, and liver of
unmanipulated animals. After elicitation by IFN~ or
in response to disseminated infections, induction of
the mouse gene can be detected in multiple tissues,
including brain, heart, kidney, liver, lung, skin,
spleen, thymus, ovary, and uterus. Expression is
particularly dramatic in the liver. Expression in the
liver has been shown by in situ hybridization to be in
hepatocytes and in the spleen in CDI11b+ cells,
presumed to be macrophages (Amichay et al., 1996).
Induction by IFN~ occurs in mouse peritoneal
macrophages (Farber, 1990) as well as in rat micro-
glia and astrocytes treated ex vivo (Vanguri, 1995).
Expression was seen in thymic stromal cells in a
model of induced thymocyte apoptosis (Lerner et al.,
1996), in the mouse macrophage cell line RAW 264.7
(Farber, 1990), and in the mouse mammary tumor
cell line 66.1 (Sun et al., 1999). For the human gene,

IFN~v-induced expression is seen in monocytes, the
monocytic cell line THP-1 (Farber, 1993), endothelial
cells, keratinocytes, fibroblasts (Ebnet et al., 1996),
and neutrophils (Gasperini et al., 1999). MIG mRNA
expression has been shown in the epidermis of skin
involved with cutaneous T cell lymphomas (Tensen
et al., 1998) and lichen planus (Spandau et al., 1998).

PROTEIN

Accession numbers

Mouse MIG: AAA39706
Human MIG: CAA51284

Sequence

See Figure 1. The site of signal peptide cleavage in
MuMIG has not been verified, but based both on
empirically derived rules and on data for HuMIG,
it would be predicted to be after the glycine at
position 21, so that the mature protein begins with the
threonine at position 22. In HuMIG the site of signal
peptide cleavage is after the glycine at position 22 so
that the mature protein begins with the threonine at
position 23.

Description of protein

Structural information is available only by inference
from other CXC chemokines.

Important homologies

MIG is most closely related to the CXC chemokines
IP-10 and I-TAC at 30-35% amino acid identity over
the regions that can be compared. A comparison
of the sequences of human and mouse MIG and
IP-10 along with the human I-TAC are shown in
Figure 1.

Posttranslational modifications

MuMIG is N-glycosylated, while HuMIG is not.
HuMIG and MuMIG show extensive proteolytic
processing of their C-terminal regions with multiple
secreted polypeptides (Liao et al., 1995; Amichay
et al., 1996). The C-terminal truncated HuMIG shows



Figure 1 Comparison of the predicted sequences of unprocessed human (Hu) and mouse (Mu) MIG, human and mouse (CRG-2) IP-10, and the human I-TAC.
N-terminal residues of the secreted proteins that have been established experimentally for HuMIG and IP-10 are indicated in bold type. MuMIG Asn58 (underlined) is
predicted to be glycosylated. Numbers at the right indicate the positions of the residues at the end of each line. Solid backgrounds indicate identities among the proteins.
Dots mark gaps created to produce optimal alignments. Tildes mark positions without corresponding residues. The alignment was created using the PileUp and
PrettyBox programs of the Wisconsin Sequence Analysis Package, Genetics Computer Group, Madison, WI.

HUMIG MKKSGVLFLL GITIL LIGV Q PVVRKGH S STNQGT IHLQSLKDLEK OQFAPFEE 55
MUMIG ~MKSAVLFLL GITIF QCGV R LVIRNA /I S STSRGT IHYKSLKDLEK QFRAPEN 54
IP-10 ~MNQTAILIC CLIF LSGI Q PLSRTV S TsNQP VNPRSLEKLE ITIPAEN 54
CRG-2/MuIP-10 ~MNPSAAVIF CLTIL]J LSGT OQERI PLARTV J53 IDDGP VRMRAIGKLE TITIPAEHE 54
I-TAC ~MSVKGMAIA LAVTI ATVV QEelMF PMF KRG | PGVKA VKVADIEKAS IMYTPEH 54
HuMIG P S K I BRI KNGVQT® =D DVKE LI WEKQV S QKKKN B4 K . 108
MuMIG P N K T T KNGDQT @ 1D NVKK LMIMMEWEEKRKKIN OQKZKEZKICEBIR[REY EEBIN M 108
IP-10 Q F ofip R V lT KKKGEEKR P AIKN LL VSKEMS KRSP~~~=~~~ ~n~=~n~n= 98
CRG-2/MuIP-10 L S ofip R V |2lT KKNDEGQR P TIKN LM FSQKRS KRAP~~~~~~ ~~=~=~-= 98
I-TAC N N K I T KENKGOQR @ P I QARL TITI VEREKNTF ~~~~®w~m=~+m~m=-~~ ~~~~~ 94
HUMIG VLVRKSE. ESEQ K125
MuMIG NRPKTP s R s r ESEN 126
IP-10 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ o~ o~ oo~~~ o~ o~ 98
CRG-2/MUIP-10 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  ~ ~ ~ ~ ~ ~ ~ ~ 98

I-TAC ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ = =~ o~~~ o~ ~ 94
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much reduced activity compared with the full-length
form, but does not function as a receptor antagonist.

CELLULAR SOURCES AND
TISSUE EXPRESSION

Cellular sources that produce

Macrophages, hepatocytes, endothelial cells, keratin-
ocytes, fibroblasts, microglia, astrocytes, thymic
stromal cells, lymphocytes, and neutrophils are all
sources of MIG.

Eliciting and inhibitory stimuli,
including exogenous and
endogenous modulators

IFN~ is the primary inducer in vitro and in vivo
(Farber, 1990; Amichay et al., 1996; Ebnet et al.,

Table 1 MIG and IP-10 compared

1996). In human endothelial cells, both IFN~y
and TNF have been reported to be necessary, and
HuMIG was also induced in these cell by LPS and
in fibroblasts by a sonicate of B. burgdorferi (Ebnet
et al., 1996). Expression in multiple mouse tissues
is elicited by disseminated infections with a variety of
agents including Plasmodium yoelii, Toxoplasma
gondii, and vaccinia virus (Amichay et al., 1996).

Synergistic inducing activity has been described
with IFN+~ and hyaluronan fragments (Horton et al.,
1998) and by TNF plus IFN~. IL-4 can diminish
induction in macrophages by IFN~ (Ohmori and
Hamilton, 1998).

RECEPTOR UTILIZATION

The only known receptor for MIG is CXCR3, which
it shares with IP-10 (Loetscher et al., 1996) and with
the recently-described I-TAC (Cole et al., 1998). Data
on expression and activities for MIG and IP-10 are
summarized for comparison in Table 1.

MIG

IP-10

Protein structure,

human processed C-terminus

IFN~y
Contributions by TNFa,
LPS, hyaluronic acid

Gene induction

Tissue expression in Low level in spleen and thymus
mice constitutively
Widespread induction in
infection, particularly in liver

103 amino acids with proteolytically

77 amino acids

IFN~, IFN~/3, LPS, anti-CD3
Contributions by TNFq, IL-1,
hylauronic acid

Spleen and thymus constitutively
Widespread induction in infection

Cell type expression

Activities in vitro

Activities in rodents

Expression in disease

Monocytes/macrophages, endothelial cells,
hepatocytes, keratinocytes, fibroblasts,
microglia, astrocytes, thymic stroma,
lymphocytes, neutrophils

T cells: chemotaxis, calcium flux,
adhesion

NK cells: calcium flux

CD34+ progenitors: suppression of CFU
Endothelial cells: inhibition of
chemotaxis

Suppression of viral infection
Suppression of tumor growth
Inhibition of angiogenesis

Widespread tissue expression in experimental
infections in mice Inflammatory skin diseases,
multiple sclerosis, sarcoidosis, and
Epstein—Barr virus-positive
lymphoproliferative diseases in humans

As for MIG, plus respiratory and
intestinal epithelial cells, mesangial cells,
and smooth muscle cells

As for MIG, plus chemotaxis of NK cells
and monocytes, augmentation of

IFN~ production by splenocytes, and
inhibition of endothelial cell proliferation
and capillary tube formation

As for MIG, plus recruitment of
mononuclear cells to sites where injected,
and impaired wound healing when expressed
as transgene in the skin

As for MIG, plus inflammatory diseases

of kidney and lung and organ transplantation
in mice, and leprosy, tuberculosis,
glomerulonephritis, and atherosclerosis

in humans
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IN VITRO ACTIVITIES

In vitro findings

HuMIG produces a calcium flux on tumor-infiltrat-
ing lymphocytes (TILs), on peripheral blood T cells
after activation in vitro and on NK cells (Liao et al.,
1995; Rabin et al., 1999). It has chemotactic activity
on TILs and some freshly isolated T cells, including
naive CD8+ T cells, as well as on T cells after acti-
vation in vitro. HuMIG produces a calcium signal
on both memory and naive T cells cells after short-
term activation with OKT3 (Rabin et al.,, 1999).
HuMIG can suppress the number of hematopoietic
progenitors derived from CD34+ human bone
marrow cells (Schwartz et al., 1997). It can also in-
duce rapid adhesion of activated T cells to integrin
ligands and to HUVECs (Piali et al., 1998).

Regulatory molecules: Inhibitors
and enhancers

Responses of T cells to HuMIG are enhanced after
cellular activation through antigen receptors.

Bioassays used

MIG is bioassayed by measuring calcium flux and
chemotaxis on activated T cells such as TILs (Liao
et al., 1995). Activity can also be measured using
calcium flux and chemotaxis on CXCR3-transfected
cell lines (Loetscher et al., 1996).

IN VIVO BIOLOGICAL
ACTIVITIES OF LIGANDS IN
ANIMAL MODELS

Normal physiological roles
MIG is presumed to be involved in the trafficking of

activated T cells and NK cells to inflammatory sites
where IFN+ is being made.

Knockout mouse phenotypes

The unchallenged knockout mouse is normal.

Interactions with cytokine network

MIG is induced in response to IFN+, and in some
cases induction can be enhanced with TNF and
diminished with IL-4. MIG can inhibit the angiogenic
activities of growth factors and ELR chemokines in
the corneal micropocket assay (Strieter et al., 1995).

PATHOPHYSIOLOGICAL ROLES
IN NORMAL HUMANS AND
DISEASE STATES AND
DIAGNOSTIC UTILITY

Role in experiments of nature and
disease states

Evidence from experiments using recombinant vacci-
nia virus expressing MuMIG suggests that MIG may
have a role in host defense against viral infection
(Mahalingam et al., 1999). A role in human diseases
can only be inferred from data on gene and/or protein
expression in the dermatologic disorders psoriasis
(Goebeler et al., 1998) and lichen planus (Spandau
et al., 1998) and in the malignancies /ymphomatoid
granulomatosis (Teruya-Feldstein et al., 1997) and
cutaneous T cell [ymphomas (Tensen et al., 1998).

IN THERAPY

Preclinical — How does it affect
disease models in animals?

MuMIG has been expressed in recombinant vaccinia
virus used to infect nude mice, and the mice infected
with the MuMIG-producing virus showed increased
time to death or significantly decreased mortality,
depending on the infecting innoculum, as com-
pared with mice infected with the control virus
(Mahalingam et al., 1999). The antiviral effects of
MuMIG in this model were thought to be mediated
by NK cells. MIG has been shown to have direct
antitumor effects in a model of Burkitt’s lymphoma in
nude mice with HuMIG-injected tumors showing
ischemic necrosis (Sgadari et al., 1997). MuMIG
has been shown to be induced in tumor tissue in
mouse models during antitumor treatment with IL-12
(Kanegane et al., 1998; Siders et al., 1998; Zilocchi
et al., 1998; Tannenbaum et al., 1998) and in tumors
of the mouse mammary cell line 66.1 (Sun er al.,
1999). Neutralization with antibodies to MuMIG
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have been shown to abrogate partially the antitumor
effects of IL-12 (Kanegane et al., 1998) and to
diminish substantially lymphocyte infiltration of
IL-12-treated renal cell tumors (Tannenbaum et al.,
1998).
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LICENSED PRODUCTS

PharMingen: Recombinant mouse and human MIGs,
anti-HuMIG monoclonal antibodies for ELISA assay
and intracytoplasmic staining for flow cytometry.

R&D Systems: Recombinant mouse and human
MIGs, anti-HuMIG polyclonal antibodies, anti-
HuMIG monoclonal antibody, and anti-MuMIG
polyclonal antibodies for ELISA, neutralization, and
western blotting.

PeproTech: Recombinant HuMIG, anti-HuMIG
polyclonal antibodies.
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