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HuMIG: A NEW HUMAN MEMBER OF THE CHEMOKINE FAMILY OF CYTOKINES
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SUMMARY Characterization of lymphokine-activated genes in mouse macrophages led to the
identification previously of Mumig, an interferon-y-inducible murine gene that encodes a member
of the chemokine family of cytokines. The Mumig cDNA probe was used to screen a CDNA
library prepared from cultures of the THP-1 human monocytic cell line that had been treated with
interferon-y. This led to the identification of Humig, a new human member of the chemokine
gene family. Humig is induced in THP-1 cells and in peripheral blood mononuclear cells by
interferon-y but not by interferon-a or by lipopolysaccharide. Analysis of mouse and human
genomic DNAs suggested that the Mumig and Humig genes are true mouse-human homologues.
The Humig mRNA encodes a predicted secreted HuMig protein of 103 residues, M, 11,725.

@ 1993 Academic Press, Inc.

Studies of mine to identify genes and proteins induced as part of the macrophage response
to lymphokines led to the isolation of cDNAs encoding two mouse members of the
chemokine family of cytokines - Crg-2 (1) and Mig (2), both thus far of undescribed functions.
The chemokines are small, inducible, secreted proteins that can function as chemotactic factors for
a variety of cells, as immune cell activators, and as positive and negative regulators of cell growth
(reviewed in 3). The most striking feature in the primary structure of the chemokines is the
presence of four invariant cysteine residues.

Crg-2 is likely the mouse homologue of the human IP-10, an interferon-inducible protein

of undescribed function, and the c¢rg-2 gene could be induced by IFN’s o, Band y(1). In

contrast, mig was found to be inducible in macrophage-like cells only by IFN-y (2) and
presumably mediates a subset of IFN-y’s biological activities. No homologue of the mouse mig,
herein referred to as Mumig, had been described previously. To pursue investigations into the
regulation of the mig gene(s) and the functions of the Mig protein(s), particularly in regard to the
possible roles for Mig in human biology, studies were done in order to identify and characterize a
human counterpart to Mumig. As described below, a cDNA has been isolated corresponding to a
human gene designated Humig, the presumed human homologue of Mumig, and encoding a new
IFN-y-inducible member of the chemokine family.

Abbreviations used in this paper: IFN, interferon; PBMC, peripheral blood mononuclear cells;
LPS, lipopolysaccharide; EU, endotoxin units; TNF, tumor necrosis factor.
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Materials and Methods

ell Culture, PBMC, TFNs and LPS. THP-1 cells were obtained from the Americn Type

Culture Collection and grown in RPMI 1640 supplemented with 10% fetal bovine serum. For
treating with interferons and other agents, the cells were suspended at approximately 1 x 106/ ml.

Human PBMC were prepared {rom citrate-anti-coagulated blood by centrifugation
using Percoll (Pharmacia LKB) according to the supplier’s specification. The banded
mononuclear cells were washed twice in RPMI 1640 and resuspended in RPMI 1640 with 10%
fetal bovine serum. In order to enrich for monocytes, 2.4 x 105 PBMC were plated per 10 cm
gelatin-coated dish by the method of Jones et al (4). After 2 h at 37° C, the plates were washed
gently three times and then treated as noted below.

Recombinant human IFN-y was either from Collaborative Research or from
Genentech (Actimmune), or was provided as a kind gift from Daniela Novick, Weizmann Institute
of Science. Recombinant human IFN-a was either from Hoffman-LaRoche (Roferon-A) or was
provided as a kind gift by Charles Weissmann, University of Zurich. LPS was from E.coli
0127.B8 (Difco Laboratories).

Following the treatments of the THP-1 cells and PBMC, media from the control and IFN-y-
treated cells were frozen and assayed subsequently for LPS contamination using a chromogenic
limulus amebocyte lysate test (BioWhittaker). For the experiment shown with THP-1 cells, these
LPS levels were between 5 and 6 EU/m! (about 0.5 ng/ml). In other similar experiments with
THP-1 cells that showed the same responses to IFN-y, LPS levels were < .25 EU/ml, and for the
PBMC experiments shown below, levels were also < .25 EU/ml.

ion and Screening of the cDNA Library. Using Fast Track Version 2.1

(Invitrogen), poly(A)+ RNA was prepared from 108 THP-1 cells cultured for 9 h at 5 x 105
cells/ml with 1000 U/ml of IFN-y. Oligo-dT-primed cDNA was synthesized and a cDNA library
was prepared in the AZAPII vector (Stratagene) and packaged according to the vendor’s protocol
with minor modifications. Screening using Mumig cDNA probe, radiolabelled by nick-translation,
was done by hybridizing in 1 M NaCl at 65° C with the most stringent wash done in 0.5 M NaCl at
65° C as described (5). In vivo excision of cDNA inserts in the pBluescript SK-phagemid
(Stratagene) from within the AZAP vector was done according to the vendor’s protocols.

ncing of Humig ¢cDNAs. Using deletions made using exonuclease T as well as
Humig-specific oligonucleotide primers, both sirands of Humig cDNA clone H-1-3 were
sequenced completely. Sequencing of cDNA H-1-3 and other cDNA clones was done by the
dideoxy method (6) using reagents and protocols supplied by United States Biochemical Corp.

Northern Blot Analysis. Agarose/formaldehyde gel electrophoresis using 1.2% agarose
gels was done according to the procedure of Goldberg (7), and prehybridization, hybridization and
washing were done as described (1). 32P-labeled cDNA probes were made using random primers
(8) and with reagents and protocols provided by Amersham. The IP-10 ¢cDNA clone was isolated
from the THP-1 library described above by using an oligonucleotide probe based on published
sequences (9). The human TNF-o cDNA probe was from A clone 42-4 (10) and was a gift from
Genentech. The mouse aldolase A cDNA clone was a gift from A. Levy, L. Sanders and D.
Nathans (Johns Hopkins University). Autoradiography using Kodak X AR film was done with an
intensifying screen at -70° C.

Southern Blot Analysis. The Southern filters containing genomic DNA were the kind gift
of Anthony Lanahan, Johns Hopkins University. Twenty pg of digested human DNA were
loaded per lane, separated on a 1% agarose gel and transterred to supported nitrocellulose as
described (11). The Mumig and Humig probes were prepared by the random primer method using
¢DNA'’s from which the poly(A) tail had been deleted. Prehybridization and hybridization were
done overnight and for 2.5 days, respectively, at 42° C in 25% formamide, 0.8 M NaCl, 0.05 M
NaH,PQy4, 6 mM EDTA, 5 x Denhardt’s reagent and 100 pg/ml salmon sperm DNA as described
(12). The blots were washed twice briefly at room temperature in 2 x SSC (1x=150 mM sodium
chloride, 15 mM sodium citrate) plus 0.1% SDS and then for 1 hat 42° Cin 1 x SSC plus 0.1%
SDS as described (12), followed by autoradiography.

Results and Discussion

A cDNA library was prepared using the A ZAPII vector from cultures of the THP-1 human

monocytic cell line that had been treated for 9 h with IFN-y and the library was screened at
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moderate stringency with a nearly-full-length Mumig ¢DNA probe. Six related but independent
¢DNA clones were isolated. The longest was H-1-3 of approximately 2.5 kb, and the sequence of
this ¢cDNA clone is shown in Fig. 1. Additional H-1-3 related cDNA clones were subsequently
isolated and using these as well as the initial collection of cDNAs, more than 1900 of the 2545 base
pairs in H-1-3 were independently confirmed and no mismatches with H-1-3 were found. ¢cDNA
clone H-1-3 contained a 42-residuc poly(A) tail, not shown in Fig. I, at its 3" end with a
consensus polyadenylylation sequence appropriately located from nucleotides 2525-2530. Since
the mRNA detected using an H-1-3 probe (see below) is approximately 3 kb long, taking into
account the mRNA’s poly(A) tail, cDNA clone H-1-3 is likely to be close to full-length. The
single longest open reading frame beginning with a methionine contains 125 amino acids and is
designated HuMig.

The extent of the sequence, if any, missing from the 5’ end of the H-1-3 cDNA has not
been determined experimentally, and the position of the initiator methionine has been assigned
based on the comparison with the Mumig ¢cDNA sequence. The open reading frame extends from
nucleotides 40 to 414, with a termination codon at positions 415-417, followed by 2128 bascs of
presumed 3’ non-translated sequence. The 125-residue HuMig protein is predicted to have a
molecular weight (M;) of 14,019, The amino terminal sequence has basic residues followed by a
highly hydrophobic region characteristic of a signal peptide, and the most favorable site of cleavage
as predicted by the rules of von Heijne (13) is C-terminal to Gly 22, leaving a protein of 103
residues, M, 11,725. The absence of a second hydrophobic segment is consistent with HuMig
being secreted and not membrane-bound. A prominent teature of the predicted HuMig sequence is
an cxtremely basic C-terminal region that is characteristic of the chemokines, and HuMig has a
calculated pl of >11.0.

A comparison between the predicted sequence for the MuMig and the HuMig proteins as
shown in Fig. 2A demonstrates that allowing for a few single residue gaps, HuMig matches
MuMig at 87 of 125 positions including the four invariant cysteines tound in members of the
chemokine family. The first and second cysteines of HuMig are separated by a single amino acid,
as is the case for MuMig and other members of the so-called CXC subgroup of the chemokine
family, a subgroup including platelet factor 4, IP-10 and IL-8 among others. The predicted site for
N-linked glycosylation in the MuMig protein (Asn 58) is not conserved in HuMig.

The Hwnig mRNA (see below) is approximately 3 kilobases versus approximately 1.6
kitobases for the Mumig mRNA (2). The Humig ¢cDNA contains a 3° non-translated region that is
1320 base pairs longer than the corresponding region in Mumig. Comparison between the Humig
¢DNA and the approximately 7 kilobases of the Muwmig gene that have been sequenced (Wright,
T., S. Willenberger, and J. Farber, manuscript in preparation) showed that sequences
corresponding to the 3" end of the Humig cDNA are present in the mouse gene 3” to the 3’ end of
the mouse mRNA (data not shown). Therefore, differences in polyadenylylation, presumably
through the acquisition of mutations, most likely accounts for the difference in length between the
mature mouse and human transcripts. While the segment of the mouse cDNA immediately
upstream of the Mumig polyadenylylation sequence can be readily aligned with the Humig cDNA,
placing the site of polyadenylylation in the mouse at approximately position 1335 in the human, the
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* " . .
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* * . s
TGAAATATTT TCTTTGTTAA
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Figure 1. The Humig cDNA sequence and inferred amino acid sequence of HuMig. The
nucleotide sequence is that of the single cDNA clone H-1-3. Both strands of cDNA H-1-3 were
sequenced completely. The 42-residue poly(A) tail of clone H-1-3 is not shown. The inferred
amino acid sequence is from the longest open reading frame that begins with a methionine, and
the position of the initiator methionine was assigned based on a comparison with the sequence of
the Mumig cDNA.
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HuMig MKKSGVLFLLGIILLVLIGVQGTPVVRKGRCSCISTNAQGTIHLASLKDLKQFAPSPS

MuMig MK-SaVLFLLGIIileqcGVrGTLIViRNaRCSCISTSrGTIHYkSLKDLKQFAPSPN
56
113

HuMig CEKIEITATLKNGVQTCLNPDSADVKELIKKWEKQVSQKKKQKNGKKHAKK -KVLKY

I O e A A S O R B O N N I O

MUMig CNKtEIIATLKNGAATCLAPOSANVKKkLMKeWEKKkinQKKKAKrGKKHAKNMKNrKp
113

HuMig RrRxs@-RSRQKKTT 125

MuMig ktpQsRrRsrKTT 126

Humig atccaatacaggagtgacttggaactccattctatcactATG

I LEEETH I J

Mumig tcactccaacacagtgactcaatagaactcagctctgccATG

Figure 2. (A) Comparison of the inferred amino acid sequences of the HuMig and MuMig
proteins. Numbers refer to the positions of the amino acid residues at the ends of the lines.
Matching amino acids are connected by vertical lines and mismatches are noted by lower case
leters in the MuMig sequence. (B) Comparison of 5’ non-translated sequences of Mumig and
Humig. The sequences are aligned according to the ATG’s (capitalized) corresponding 1o the
codons for the presumed initiator methionines, and extend 5° as far as the end of the sequence
available for Humig. Matches between the sequences are marked with vertical lines and the AP-
1 site in Mumig is underlined.

AGTAAA Mumig polyadenylylation sequence (2) is not conserved in the human sequence. As
regards the Humig and Mumig 5° non-translated regions, Fig. 2B shows a comparison of these
sequences aligned with respect to the presumed initiator ATG codons. There is notable
conservation of the palindromic sequence AGTGACT. Part of this sequence, TGACT,
corresponds to the five, 5’ nucleotides in an AP-1 site (14), with a complete AP-1 site present in
the Musmig but not in the Humig sequence. The characteristics and strict conservation of the
AGTGACT sequence provide presumptive evidence that the sequence serves as a recognition site
for a DNA binding protein, although its presence in the mig mRNAS raises other possibilities as
well. Except for the center base pair, the mig sequence matches a sequence found in the core of
the X box (AGTAACT) in the promoter of the class I DQa-gene (15). The X boxes, identifiable
as conserved, similar but non-identical elements in the class Il MHC genes, are critical for
induction of these genes by IFN—y (16). In at least one experimental system, sequences 3’ to the
start site for transcription of the Mumig genc were not required to confer responsiveness (o IFN-y
on a heterologous promoter (17). Nonetheless, sequences outside the 5° flanking regions of the
mig genes might be important in the overall response to IFN-y, such as the sustained clevation in
the levels of Mumig mRNA seen with continued treatment with IFN-y (18). To investigate
further the relationship between the Humig and the Mumig genes, Southemn filters prepared using
restricted human DNA were hybridized both with the Humig cDNA probe and with the Mumig
¢DNA probe under conditions of reduced stringency. The Humig probe hybridized with a single
band in each sample of digested human DNA (Fig. 3), suggesting that Humig is a single copy
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Figure 3. Human DNA probed with Mumig and Humig. Human genomic DNA was digested
with BamHI or EcoRI or Hind IIT and 20 pg were loaded per lane, separated on a 1% agarose
gel and transferred to supported nitrocellulose as described (11). The filter was cut, and using
cither a Mumig or Humig cDNA probe, portions of the filter were hybridized and washed under
conditions of reduced stringency as described in Materials and Methods. The autoradiograms
were aligned according to the sample wells of the gel. The sizes and positions of DNA markers
in kilobase pairs are noted on the left. Exposures were for 20 h.

gene. The same Huwnig bands were detected using the mouse Mumig probe, suggesting that the
human gene most closely related o Mumig is in fact Humig.

The induction of the Humig gene was evaluated in the THP-1 cell line and in human,
monocyte-enriched PBMC. Fig. 4 demonstrates that the Humig mRNA, approximately 3 kb long
as compared to RNA standards (not shown) is inducible dramatically in the THP-1 human
monocytic cells after 8 h of treatment with IFN-y but not significantly by IFN-« or by LPS, and
that induction by 1FN-yis not prevented by the protein synthesis inhibitor cycloheximide. The
results as shown using IP-10 and TNF-o ¢cDNA probes demonstrated that the absence of induction
of Humig was not due to the cells’ failure to respond to IFN-a or LPS. The aldolase mRNA
functioned as a constitutively expressed and non-induced control. Fig. 5 demonstrates similar
results with human monocyte-enriched PBMC, showing induction in response to IFN-y without
significant induction by IFN-a or by LPS. The electrophoretic mobilities of the Humig mRNA
species from THP-1 cells and from PBMC were indistinguishable.

The selective induction of Humig by TFN-y suggests that Humig may mediate a portion of
the physiological and/or pharmacological activitics of IFN-y such as anli-viral or anti-growth
effects or the activation of macrophages for the production of reactive oxygen species important for
the killing of tumor cells and intracellular pathogens (19). Experiments using reverse transcriptase-
polymerase chain reaction to analyze the expression of cytokine mRNAs in the brains of human
immunodeficiency virus-infected and control patients have shown, not surprisingly, that there is a
positive correlation between the levels of Humig and IFN-y mRNAs (20). Additional studies to
evaluate the expression of Humig in conditions where IFN-y is known or suspected to be
involved will help direct investigations into the activities of the HuMig cytokine, investigations
aimed at determining the role of HuMig in human biology.
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Figure 4. Humig mRNA in THP-1 cells treated with IFN-a and -y and LPS. Total RNA was
prepared from THP-1 cells that had been treated for 8 h as noted and 20 pg were loaded per lane,
fractionated in a 1.2% agarose/formaldehyde gel, transferred to nitrocellulose and hybridized
sequentially to cDNA probes for Humig, IP-10, TNF-q, and aldolasc A (ALD). Cycloheximide
(CHX) was used at a concentration of 50 ug/ml and was added 15 minutes before the other
treatments. The IFN and LPS experiments were done separately and a No Additions control
without CHX is shown for each cxperiment. The single No Additions control with CHX was
done as part of the IFN experiment. The blot was stripped between hybridizations according to
the manufacturer’s specifications (Schleicher & Schuell). The size of the Humig mRNA was
estimated at 3 kilobases on the basis of RNA markers (BRL) not shown. The Humig signal is

from a 12 h exposure.

Figure 5. Humig mRNA in monocyte-carichied human PBMC treated with IFN-o and -yand
LPS. Total RNA was prepared from monocyte-enriched PBMC that had been treated for 6 h as
noted and 3 ug were loaded per lane and analyzed as described in the legend to Figure 4. The
cells were prepared using gelatin-coated plates according to the method of Jones et al (4). The
mobility of the Humig mRNA from PBMC was indistinguishable from the mobility of the
Humig mRNA from THP-1 cells. The Humig signal is from a 24 h exposure.
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