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Chromosomal Localization of the Human Heme Oxygenase Genes:
Heme Oxygenase-1 (HMOX1) Maps to Chromosome 22¢12 and
Heme Oxygenase-2 (HMOX2) Maps to Chromosome 16p13.3
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Heme oxygenase catalyzes the oxidation of heme to
biliverdin, the precursor of the bile pigment bilirubin,
and carbon monoxide, a putative neurotransmitter. We
have employed polymerase chain reaction and fluores-
cence in situ hybridization to determine the chromo-
some localization of the genes coding for the two known
heme oxygenase isozymes. Heme oxygenase-1 (HMOX1),
the inducible form, was localized to human chromo-
some 22q12, while heme oxygenase-2 (HMOX2), the
constitutive form, was localized to chromosome 16p13.3.
© 1994 Academic Press, Ine.

Heme oxygenase is the rate-limiting enzyme in the
heme degradative pathway, It catalyzes the degradation
of heme into two important products, biliverdin and car-
bon monoxide (3, 10). By the action of biliverdin reduc-
tase, biliverdin is readily converted to hilirubin, a potent
antioxidant (2, 9, 11). The second product, carbon mon-
oxide, recently has been reported to be a putative neuro-
transmitter (13). Heme oxygenase consists of two iso-
zymes, an inducible heme oxygenase-1 (HMOX1) and a
constitutive heme oxygenase-2 (HMOX2) (4, 12). They
have been shown to be two different gene products by
cDNA cloning (8, 14). We now report the chromosome
localization of these two important genes in the human.

Mapping panel No. 2 (consisting of DNA isolated
from 24 human/rodent somatic cell hybrids retaining
one or two human chromosomes) obtained from NIGMS
Human Genetic Mutant Cell Repository at the Corieli
Institute for Medical Research (Camden, NJ) was
screened by PCR (8). Several sets of primers were con-
structed for the amplification of HMOX1 using human
genomic DNA as a template. However, only one set of
primers, 5-TGT GGC AGC TGT CTC AAA CCT CCA
and 5-TTG AGG CTG AGC CAG GAA CAG AGT, gave
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satisfactory results. These primers yielded a 175-bp
PCR product whose sequence corresponded to 1234-
1408 bp in the 3' untranslated region of the published
HMOX1 ¢DNA sequence (14). As shown in Fig. 1, an
amplification product of appropriate size was observed
only in the case of DNA preparation NA10888, which
originated from a chromosome 22 monochromosomal so-
matic cell hybrid. A similarly sized product was observed
with human genomic DNA but not with genomic DNA
from mouse or hamster. This thus gives one line of
evidence that HMOXI1 is localized to human chromo-
some 22.

Since the genomic sequence of HMOX2 is not yet
known, primers for PCR were designed from its pub-
lished ¢cDNA sequence (6). Primers 5-GCT GAC CAA
GGACATGGAGTA and 5-GGT AGAGCT GCT TGA
ACT GCT yielded a 284-bp product when human geno-
mic DNA was used as a template. The authenticity of
the PCR product, which corresponded to 324-607 bp in
the translated region of HMOX?2 ¢cDNA, was verified by
DNA sequencing. A PCR product identical to that ob-
tained with human genomic DNA was observed for DNA
preparations from two different monochromosomal so-
matic cell hybrids, putatively containing either chromo-
some 14 (NA10479) or chromosome 16 (NA10567). To
clarify this result, we also analyzed DNA preparations
from somatic cell hybrids outside of this panel.
NA11100, a preparation from a hybrid cell iine report-
edly containing chromosome 16 as well as chromosome
X, gave an amplification product similar to that given by
NA10567 (Fig. 2). However, NA11535, a preparation
from a hybrid cell reportedly containing only chromo-
some 14, failed to yield an amplification product, in con-
trast to the result obtained with NA10479 (Fig. 2). A
possible explanation for this observation is that the so-
matic hybrid cell line from which the DNA preparation
NA10479 is obtained may contain part of chromosome
16 as an impurity. Interestingly, this somatic hybrid cell
line (although primarily containing chromosome 14) has
been reported to contain chromosome 16 as an impurity
(5). Thus, these data indicate that HMOX2 is localized
to chromosome 16.
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FIG. 1. Chromosome localization of HMOX1 by PCR analysis of
somatic cell hybrids. NIGMS Mapping Panel No. 2 was employed for
PCR screening using 5-TGT GGC AGC TGT CTC AAA CCT CCA
and 5-TTG AGG CTG AGC CAG GAA CAG AGT as primers. PCR
was performed on a Perkin-Elmer-Cetus GeneAmp PCR System
9600 using reagents from Perkin-Elmer (Norwalk, CT). Reaction
mixture (50 pl) consisted of DNA preparation (88-175 ng), primers
(0.5 uM}, perfect-match DNA polymerase enhancer (0.5 pl; Strata-
gene, La Jolla, CA), deoxynucleoside triphosphates (200 pM), 10 mM
Tris—HCI, 50 mM KCl, 1.5 mM MgCl,, 0.001% gelatin, and Tag DNA
polymerase (2.5 units). Samples were kept at 95°C for 2 min, subjected
to thermocycling (30 cycles of 30 s at 94°C, 30 s at 62°C, and 1 min at
72°C), and finally allowed to remain at 10 min at 72°C. The samples
(25 ul) were analyzed by agarose gel electrophoresis followed by ethid-
ium bromide staining. M, size markers, ¢ X174 RF DNA/Haelll frag-
ments. Lanes 1-22, X, and Y: PCR reaction performed with DNA
preparations from somatic cell hybrids containing each respective
chremosome. Hu, human genomic DNA. Mo, mouse genomic DNA.
Ha, hamster genomic DNA,

Independent confirmation of the chromosomal local-
ization was obtained using fluorescence in situ hybridiza-
tion. HMOX1 and HMOX2 genes were cloned by PCR
screening of a human genomic P] library using primers
and conditions described above for chromosome localiza-
tions {Genome Systems, Inc., Si. Louis, MO; unpub-
lished results). The cloned IDXNA preparations were la-
beled by nick—translation with digoxigenin-dUTP, com-
bined with sheared human DNA, and hybridized to
normal human metaphase chromosomes in a solution
containing 50% formamide, 10% dextran sulfate, and 2x
S8C. Signal was detected with antidigexigenin-FITC.
Chromosomes were then counterstained and analyzed
(Bios Laboratories, New Haven, CT).

As expected, the HMOX1 probe specifically localized
to chromosome 22 (Fig. 3A). Localization of this gene
was further confirmed by the cohybridization of a probe
specific for centromeres of chromosomes 22 and 14
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FIG. 2. Chromosome localization of HMOX2 by PCR analysis of
somatic cell hybrids. PCR conditions were as described for Fig. 1 ex-
cept that 5-GCT GAC CAA GGA CAT GGA GTA and 5-GGT AGA
GCT GCT TGA ACT GCT were used as primers and 64°C was used as
the annealing temperature. M, size markers, $X174 RF DNA/Hagelll
fragments. Lanes 1—22, X, and Y: PCR reaction performed with
DNA preparations from somatic cell hybrids containing each respec-
tive chromosome. Hu, human genomic DNA. Mo, mouse genomic
DNA. Ha, hamster genomic DNA. NA11100, NA10567: PCR reac-
tions performed with DNA preparations from respective somatic cell
hybrids containing chromosome 16, NA11535, NA10479: PCR reac-
tions performed with DNA preparations from somatic cell hybrids
containing chromosome 14.
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(D1471/D227]1) to this chromosome (Fig. 3B). A total of
80 metaphase cells were analyzed with 71 showing spe-
cific signal. Measurements of 20 hybridized chromo-
somes showed that HMOX1 is located 62% of the dis-
tance from the p terminus to the q terminus of the chro-
mosome; this is an area corresponding to band 22q12
(Fig. 3C).

HMOX2 gpecifically hybridized to chromosome 16
(Fig. 3D). The location was confirmed by the cohybrid-
ization of a probe that is specific for the centromere of
chromosome 16 (D1672) to the same chromosome (Fig.
3E). A total of 85 metaphase cells were analyzed, with 81
showing specific signal. Giemsa banding pattern showed
that the signal was located at the terminus of the short
arm of the chromosome. This indicates that HMOX2 is
localized to chromosome band 16p13.3 (Fig. 3F).

Work over the last few years has shed new light on the
possible biological importance of the heme oxygenase
enzymes. They are primarily thought to play key roles in
protection against oxidative stress (3) in their synthesis
of bilirubin, a “chain-breaking antioxidant” (9). They
also produce carbon monozxide, a neurotransmitter that
appears to be a physiological regulator of ¢cGMP (13).
Moreover, heme oxygenase-1 is a heat-shock protein

FIG. 3.

Chromosome localization of HMOX1 and HMOX2 by fluorescence in situ hybridization. {A) Hybridization of HMOX1 probe

(indicated by arrows) to chromosome 22. (B) Cohybridization of HMOX1 probe (indicated by arrows} and centromere-specific probe D14Z1/
D2271 (indicated by arrowheads) to chromosome 22. (C) Idiogram of chromosome 22 showing the subchromosomal location of heme oxygenase-
1 to 22q12. (D) Hybridization of HMOX2 probe (indicated by arrows) to chromosome 16. {E) Cohybridization of HMOX2 probe (indicated by
arrows} and centromere-specific probe D16Z2 (indicated by arrows) and centromere-specific probe D16Z2 (indicated by arrowheads) to chromo-
some 16. () ldiogram of chromosome 16 showing the subchromosomal location of heme oxygenase-2 to 16p13.2.
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that is now thought to be capable of protecting neurons
in specific areas of the brain (1). With these functions, it
seems clear that gene mutations could lead to severe
consequences, 1.e., hereditary diseases. The present chro-
mosomal [ocalization of the two genes should allow for
them to be considered as potential “candidate genes” in
a number of diseases mapped to chromosomes 16 and 22.
On chromosome 186, in particular, a number of anemias,
thalassemias, etc. would be of interest to investigate as
well as familial Mediterranean fever, recently mapped to
16p (7).
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