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Localization of the gene for the human MIG
cytokine on chromosome 4¢21 adjacent to
INP10 reveals a chemokine “mini-cluster”

H.-H. Lee and J.M. Farber

Laboratory of Clinical Investigation, National Institute of Allergy and Infectious Diseases, Bethesda MD (USA)

Abstract. MIG is a gamma interferon-inducible T cell che-
moattractant that is a member of the chemokine family of cyto-
kines. P1 clones containing the MIG gene were found also to
contain the gene of a related chemokine. INP10. We localized
MIG and INP10 to 4g21 by FISH. demonstrated by pulsed

field gel electrophoresis that M1G and INP10 are distant from
the tight cluster of other CXC chemokine genes at 4q12—ql3.
and determined that MIG and INP10 are oriented head to tail
with their start codons separated by less than 16 kb.

MIG and INP10 are members of the chemokine family of
small, inducible, secreted proteins. Although the best described
activities of the chemokines are as chemotactic factors, chemo-
kines also have effects on T cell activation. angiogenesis, and
HIV infection. Most chemokines can be assigned to one of two
subfamilies based on the arrangement of conserved cysteine
residues found in their amino-terminal regions. CXC chemo-
kines contain a single amino acid residue between the first and
second invariant cvsteines, while in the CC chemokines. these
cysteines are adjacent. While most CXC chemokines are che-
motactic for neutrophils. MIG and INP10 are unusual and sim-
ilar in being CXC chemokines that are chemotactic for lympho-
cvtes and inactive on neutrophils (Liao et al.. 1995; Taub et al..
1993),

The CC chemokine genes are found as a clusterat 17ql1—
q21 (Rollins et al., 1991). With the exception of SDF1, a more
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distantly related member of the CXC subfamily that has been
mapped to 10g1 1.1 (Shirozu et al., 1995), all the CXC chemo-
kine genes for which data are available have been localized to
4q12—q21: platelet basic protein (PPBP) at 4q12—q13 (Wen-
ger et al.. 1991), GRO!/melanoma growth-stimulatory activity
at 4q13—q21 (Richmond et al.. 1988). platelet factor 4 (PF4)
at 4q12—q21 (Griffin et al., 1987). ENA-78 (SCYB3J) at
4q13—q21 (Chang et al.. 1994) and INP10 at 4921 (Luster et
al., 1987).

Tunnacliffe et al. (1992) have shown that IL8, GROI,
GRO2. GRO3. PPBP and PF4 can all be found on a 700-kb
Sfil fragment localized to 4ql2—ql3. Consistent with the
studies placing INP10 at 4921 (Luster et al.. 1987) this gene
could not be localized to the same tight cluster. As part of stud-
ies to discover new chemokine genes. we obtained Pl clones
containing the MIG gene and we have shown that MIG and
INP10 are adjacent at 4g21, supporting other data on the close
relationship between these two genes and their proteins.

Materials and methods

Pl-Clones

Clones in the Pl-based vector pAD10sacBII (Pierce et al., 1992) were
obtained from Genome Systems, St. Louis MO, Screening of the P1 human
genomic library was done using PCR primers with sequences derived from
the 3-non-translated region of the MIG ¢cDNA (5" primer 3“ATGTTCACC-
CAACCACATCC-3, bases 699-718; 3-primer 5-CACTGTGGAAGAAA-
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CAGGGA-3', bases 1420-1439) and using an annealing temperature of
60°C. For screening P1 clones for additional chemokine genes the primers
were as follows:

INPIO  5-GCTGTGCAATCGCTGGTTTA-3 and
5-CCCCAAAGCAGAAAGATTCC-3

GROl 5-AAGCCCCTTTGTTCTAAGCC-3 and
5-CTGCCCTTATAGGAACAGAA-¥

IL8 5-GTGTGGGTCTGTTGTAGGGT-3" and
5-ACAGCACTACCAACACAGCT-3"

PF4 5-CACGCTGAAGAATGGAAGGA-3 and
5-CACAGTTAGATTGAAACTGG-¥

PF4V1 5-CTGAAGCTGAAGAAGATGGG-3 and
5-CCAAGCCTTCCTTCATAATG-¥

PPBP  5-GCCAAACTTCTTTAACTCCC-3 and
5-CTTTTAACCAACCTTCTCAG-3".

FISH

The MIG and INP10 probes are described in the text. The chromosome
4-specific probe was a-satellite probe D4Z1 obtained from Oncor Corp., Gai-
thersburg MD. FISH was performed as a service by the Laboratory of Cell
and Molecular Structure. SAIC Frederick. NCI-Frederick Cancer Research
and Development Center. FISH was done on metaphase chromosome
spreads from human peripheral blood lvmphocytes with digoxigenylated
probes using standard techniques (Verma and Babu, 1995). Probes were dig-
oxigenylated by nick translation and hybridizations were done using 15 ng
per probe with 1,575 ng Cot-1 DNA (Life Technologies, Gaithersburg MD)
per slide in 50% formamide, 2 x SSC at 37°C for 16 h followed by washing
with 2 x SSPE at 72°C for 5 min. Probes were detected using anti-digoxige-
nin-fluorescein isothiocyanate. Chromosomes were counterstained with
DAPI (MIG) or propidium iodide (INP10) and images were obtained and
fused electronically using a Zeiss Axioscop and the Oncor Imaging System.
Band assignments for MIG and INP10 were determined by measuring rela-
tive distances of the MIG and INP10 probes with respect to the border
between the C band (centromere) and the first euchromatic band (4q11) and
the telomere using published data (Francke, 1994).

Pulsed-field gel electrophoresis

Using standard techniques (Barlow, 1992), 5 x 10° human polymorpho-
nuclear leukocytes were lysed in agarose plugs and digested with rare cutters
Miul, Notl, Sacll and Sfil (New England Biolabs, Beverly MA). One-half
plug was loaded per lane on a 1 % agarose gel that was run in a CHEF-DRII
apparatus (Bio-Rad, Richmond CA) for 28 h at 200 V with a pulse time
ramped linearly from 40 to 120 s. Following acid depurination, DNA was
transferred to a Zeta-Probe nylon membrane (Bio-Rad), and sequential
hybridizations and strippings were done according to the manufacturer’s
protocols. Probes were prepared using random nonamer primers with a kit
and protocols from Amersham, Buckinghamshire, UK. MIG probe was a
2.5-kb ¢DNA, the INP10 probe a 1.2-kb ¢cDNA, the IL8 probe a 1.75-kb
cDNA (Matsushima et al., 1988) and the PF4 probe a 0.28-kb cDNA (Poncz
etal., 1987). The IL8 cDNA was obtained from Kouji Matsushima and Joost
Oppenheim, National Cancer Institute and the PF4 ¢cDNA was obtained
from Mortimer Poncz, Children's Hospital of Philadelphia, Exposures were
done using an intensifying screen, and before reprobings. the filter was
exposed to film to ensure complete removal of signal.

Results and discussion

A bacteriophage Pl-based human genomic library was
screened at Genome Systems, St. Louis MO using PCR primers
with sequences derived from the 3"-non-translated region of the
MIG cDNA. Positive clones P1-592 and P1-593 were identi-
fied. These clones contain human genomic fragments inserted
into a BamHI site in the P1 vector pAD10sacBII (Pierce et al.,
1992). Digestion of P1-592 and P1-593 with BamHI revealed
extensive overlap between the two fragments of human DNA.
P1-593 contained additional inserted DNA as compared to P1-
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592 and further restriction analysis revealed that P1-593 con-
tained a total of approximately 85 kb of inserted DNA. Using
appropriate primer pairs (see Materials and methods). P1-592
and P1-593 were screened by PCR for the genes for the addi-
tional CXC chemokines INP10, GROI, IL8, PF4, PF4V1 and
PPBP. Besides the gene for MIG, both P1-392 and P1-593 were
positive for the INP10 gene, but not for the other CXC chemo-
kine genes (not shown). Studies were done to map the MIG
gene by FISH, to analvze the relationships of the MIG and
INP10 genes to the genes for the other chemokines by pulsed-
field gel electrophoresis, and to refine the map of the MIG and
INP10 genes by analysis of the human genomic DNA in P1-
593.

For localization of the MIG gene by FISH, 5.2-kb and 6.8-
kb BamHI fragments containing the MIG gene were isolated
from P1-593 (see below) and cloned. For purposes of compari-
son and control, we also undertook to localize the INP10 gene.
For INP10 we used as probes cloned fragments totaling 6.6 kb
that had been obtained by Bg/lI digestion of the 10.3-kb Bam-
HI fragment. containing INP10 sequences, that was isolated
from P1-393 (see below). An a-satellite probe was included in
each hybridization to identify the centromere of chromosome
4. As expected, and as shown in Fig. 1A, both MIG and INP10
hybridized to the long arm of chromosome 4. Band assign-
ments were made as described in Materials and methods. Mea-
surements for the MIG probe were made on nine chromosome
spreads and these placed the signals between 4g21.1 and
4g21.3, with four of the measurements at 4q21.21. For the
INP10 probes, measurements were made on three spreads and
in each case the signal was placed at 4q21.21.These studies,
consistent with the data from the P1 clones and with the pub-
lished information on INP10, established the chromosome
location and band position for MIG and confirmed that MIG
and INP10 are found telomeric to the cluster of other CXC
chemokine genes identified previously at 4q12-ql3 (Tunna-
cliffe et al., 1992).

The relationship between the MIG and INP10 genes and
CXC chemokine genes in the cluster at 4q12 — 13 was investi-
gated directly using pulse-field gel electrophoresis. As shown in
Fig. 1B, the patterns for MIG and INP10 were identical. The
fragments hybridizing to probes for IL8 and PF4 did not match
the MIG and INP10 fragments. IL8 and PF4 hybridized to
identical Notl and Sfil fragments, consistent with published
data placing IL8 and PF4 in the 4q12—q13 cluster.

The P1-593 DNA was used to establish more precisely the
relationship between the INP10 and MIG genes. To verify that
no artifactual changes had occurred during the cloning of the
P1-593 genomic insert, P1-593 DNA and total human genomic
DNA were digested with BamHI and analyzed by Southern
blot as shown in Fig. 2A. Probing with MIG and INP10 cDNA
probes identified identical fragments in P1-593 and total
genomic DNA, with the INP10 gene on a 10.3-kb fragment and
the MIG gene present on fragments of 5.2 kb and 6.8 kb. These
fragments can be identified in the ethidium bromide-stained
gel of digested P1-593 DNA shown in Fig. 2A. Using Ndel and
Xbal fragments of P1-593 DNA as probes, Southern analysis
(not shown) enabled us to order six of the BamHI fragments of
P1-593 in the region of the INP10 and MIG genes, as shown in
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Fig. 1. (A). Localization of the MIG and INP10 genes by t135
FISH on human chromosome 4. The a-satellite probe D4Z1 1020
was used to identify the centromere of chromosome 4. The 825
MIG and INP10 signals are at 4g21. (B). Analysis of genes 2300
for CXC chemokines by pulsed-field gel electrophoresis.
Human polymorphonuclear leukocytes were lysed in aga- :“
rose plugs and the DNA was digested with rare cutters Mul, =
Notl, Sacll and Sfil as indicated. Chromosomes of S. cerevi- g::
siae were run as size markers. For the sake of clarity, only
the positions of selected chromosomal markers are shown.
Sequential hybridizations and strippings of a single blot
were done using the cDNA probes as indicated.
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Fig. 2. Fine mapping of MIG and INP10 genes using DNA from P1-593. (A)
Southern blotting demonstrating identity of MIG-hybridizing and INP10-hybrid-
izing BamHI fragments in human genomic DNA as compared to DNA in P1-593.
For visualization by ethidium bromide staining 800 ng of P1 DNA was digested,
and for Southern blotting 20 pg of total human genomic DNA and 1 ng of P1 DNA
were digested, all with BamHI. cDNA probes are indicated. The 1-kb ladder from
Life Technologies (Gaithersburg MD) was used for size markers. The 10.3-kb
INP10 fragment and 6.8-kb and 5.2-kb MIG fragments from P1-593 can be identi-
ficd in the stained lanes on the left. Since the 16.5-kb pAD10sacBII vector contains
only one BamHI site, the vector is in a single fragment above the 12-kb marker.
(B) Map of the BamHI fragments from P1-593 in the region of the MIG and
INP10 genes. Ndel fragments of 6.9 kb, 5.7 kb and 4.5 kb, and an Xbal fragment of
4.5 kb were isolated after digestions of P1-593. Using these fragments and cDNA
clones of MIG and INP10 as probes on Southern blots of BamHI-digested P1-593
DNA, we were able to order the BamHI fragments as shown. The positions of the
INP10 and MIG start codons and the orientations of the genes were determined by
sequencing and by reference to published data on INP10, as noted in the text. The
two start codons are less than 16 kb apart.
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the map in Fig. 2B. The position for the start codon and the
orientation of the MIG gene were determined by sequencing
the ends of the 5.2-kb and 6.8-kb fragments (not shown), while
these data for the INP10 gene were obtained by combining our
mapping results and published data (Luster et al., 1987). The
MIG and INP10 genes are oriented head to tail, and their start
codons are less than 16 kb apart.

The positioning of the MIG and INP10 genes adjacent to
each other and at some distance from the cluster containing
genes for PF4 and the IL8-related chemokines is consistent
with the relationships revealed by a computer-generated pair-
wise comparison of the CXC chemokine protein sequences
(Pile Up, Genetics Computer Group, Madison, WI), which
demonstrates that MIG and INP10 are more closely related to
each other than they are to other chemokines (data not shown).
MIG and INP10 show 37% amino acid identity over the 76
amino acids of the mature proteins that are comparable.

Our mapping data also support recent information demon-
strating a close biological relationship between MIG and
INP10. In screening of a mouse macrophage cDNA library for
lymphokine-induced genes, MIG and INP10 were among the
eleven differentially-expressed genes identified (Farber, 1992).
Both MIG and INP10 are inducible by gamma interferon in
mouse and human cells. While in contrast to the IL8 and IL8-
related chemokines (PPBP/NAP-2, GROI1, GRO2, GRO3,
GCP-2, ENA-78, and NAP-4), neither MIG nor INP10 is a che-
moattractant for neutrophils, both MIG (Liao et al., 1995) and
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