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Brief Communication

Structural Gene Encoding Human Factor XII Is Located

at 5q33-qter
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Abstract— The gene encoding human factor XII (F12 ) or Hageman factor has been mapped to
5q33-qter. This has been achieved by analyzing the results obtained from hybridizing a cloned
fragment from the factor XII gene to a panel of human—hamster somatic cell hybrid DNAs
and also by in situ hybridization to normal human metaphase cells. The previously reported

results localizing F12 to 6p23 are discussed.

INTRODUCTION

Factor XII (Hageman factor) is a glyco-
protein (mol wt 76,000) that circulates in
plasma as an inactive serine protease (1).
Although the role of FXII is not completely
understood, it has been implicated in the
surface activation of a number of cascade
reactions resulting in either blood coagula-
tion, fibrinolysis, bradykinin generation, or
the formation of angiotensin (2-6). No patho-
logical state has been clearly attributed to
factor XII deficiency, but a deficiency of
factor XII results in a marked delay in plasma
coagulation which is usually only detected by
chance laboratory testing (7). The deficiency
is inherited in an autosomal recessive manner
(8). Factor XII is activated by limited proteol-
ysis by kallikrein in the presence of high-
molecular-weight kininogen and a negatively
charged surface (9). Surface-bound and acti-
vated FXII (alpha-FXIIa) cleaves its sub-
strates, prekallikrein and FXI, resulting in the
initiation of the plasma cascade reactions (9—

11). The complete amino acid sequence (596
residues) of the zymogen form of human
plasma FXII has been determined (12, 13).
The amino acid sequence has also been pre-
dicted from the nucleotide sequence of a
cloned F12 ¢DNA isolated from a human
liver cDNA library (14).

Since 1974 there have been several publi-
cations (15-22) concerning the location of the
F12 gene, and these have been based on
dosage of different chromosome regions and
correlation with levels of factor XII activity.
This study was undertaken to localize the gene
for FXII by hybridizing a cloned genomic
sequence from the FI2 gene to a somatic cell
hybrid panel of DNAs and to further region-
ally localize the gene by in situ hybridization
to normal human metaphase cells.

MATERIALS AND METHODS

Recombinant Probe. A human genomic
phage library was kindly provided by Dr. P.

*Present address: Department of Genetics, University of Leicester, England.
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Leder (Harvard University) from which a
clone containing the FI12 gene was isolated
(23). A 2.5-kb BamHI/HindIl subfragment
was isolated from the cloned genomic DNA
and ligated into the pUC-13 plasmid cloning
vector (13). E. coli JM83 was transformed
with the ligation mixture and grown in the
presence of 0.05% X-gal (13) on Luria broth
agar plates. White colonies were selected and
the plasmid DNA isolated and tested for
2.5-kb inserts. A positive colony
(puX.HXII2.5B/H) was amplified and the
plasmid DNA isolated and purified by cesium
chloride gradient centrifugation (24).

Hybrid Cell Lines. The human chromo-
some content of the human—hamster somatic
cell hybrid lines (Table 1) was identified by
cytogenetic analysis and confirmed by iso-
zyme analysis (25).

Southern Blot Analysis. Two hundred
nanograms of the plasmid puX.HXII2.5B/H
were labeled by random priming with oligonu-
cleotides (26) to a specific activity of 9.5 x 10*
cpm/ug using [*P]dATP and [**P]dCTP.
The labeled probe was then hybridized to a
Southern blot of HindIII digests of somatic
cell hybrid DNAs (27). The Southern blot
was washed in 0.5x SSC and 0.1% SDS at
65°C.

In Situ Hybridization. The plasmid was
labeled by nick translation to a specific activ-
ity of 2.55 x 107 cpm/ug using [*’H]dATP,
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[*H]dCTP, and [*H|TTP. In situ hybridiza-
tion was carried out as previously reported
(27, 28). The chromosomes were identified by
the BrdU-Hoechst 33258-UV-Giemsa
method for replication banding (29; E. Jen-
kins, personal communication).

RESULTS AND DISCUSSION

The autoradiogram shown in Fig. 1
shows the response of the panel of somatic cell
hybrid DNAs to the probe for the factor XII
gene. The control lane of human DNA (P23)
shows a single band of approximately 5.6 kb,
and this band is also present in a number of
human-hamster hybrid DNAs. The control
lane of hamster DNA (CHW1103) does not
hybridize to the human genomic probe for the
F12 gene. The band of 4.15 kb seen only in the
hybrid DNA 100.02b is thought to be a result
of the plasmid sequences of the labeled probe,
puA.HXII2.5B/H, hybridizing to a low level
of plasmid contamination in the hybrid DNA.
Among the 22 somatic cell hybrid DNAs
analyzed, 21 (95.5%) were concordant for the
presence or absence of human chromosome 5
and a positive or negative response to the
probe for FI2 (Table 1). The discordant
hybrid cell line, 7633, had only seven copies of
human chromosome 5 among the 20 cells
analyzed, and it was also negative for the
human isozyme hexosaminidase B which is

),33
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Fig. 1. Segregation of sequences homologous to the human genomic probe for the F12 gene. The single band of 5.6 kb is
present in DNAs from the normal human (P23) and some of the hybrid cells.
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Fig. 2. (A) Partial metaphase spread G-banded by the
Hoeschst 33258-UV-Giemsa method showing a silver
grain at Sqter after hybridization to the genomic probe for
F12. (B) Distribution of labelled sites over the normal
human idiogram. The peak at 5q33-qter represents 19.2%
of the total number of labeled sites scored.
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located at 5q13. The negative response to the
probe for F12 is probably because there are
few copies of human chromosome 5 in the
hybrid cell line 7633 and these sequences were
not detected under the conditions used.

The location of the structural gene for
factor XII on chromosome 5 was confirmed
and further localized by in situ hybridization
to human metaphase cells. Figure 2 shows the
results of the analysis of 277 cells, and among
the 369 silver grains scored, 19.2% were clus-
tered in the region 5q33-qter. It has also been
shown that 62% of the 114 silver grains scored
on chromosome 5 were located in the region
5933-qter. These results map the structural
gene for factor XII (F12) to 5q33-qter.

In 1974, dosage studies in two patients
were used by de Grouchy and Turleau (15) to
provisionally map FI12 to 7q35, but this was
later dispoved by a number of research groups
(11-20) who all showed normal levels of FXII
activity in patients with deletions of 7q. The
most recent location of F12 reported by Pear-
son ¢t al. in 1981 (21) was also based on the
measurement of reduced factor XII activity in
a patient known to have only one copy of the
region 6p23-p25. Since that report, Niebuhr,
et al. (22) showed that a patient with a
deletion 6p23-pter had normal levels of factor
XII activity, and these authors excluded this
region, leaving the provisional location of Fi2
at 6p23.

The present study has used a probe for
the structural gene for factor XII to locate the
gene on chromosome 5q33-qter by the analy-
sis of the response of a panel of human—
hamster somatic cell hybrid DNAs and by in
situ hybridization to human metaphase cells.
The location of FI12 at 5q33-qter does not
exclude the possibility that there is a gene on
the short arm of chromosome 6 that modifies
the expression of F12 on 5q33-qter.

ACKNOWLEDGMENTS

We thank Lynda White and Jacquie
Schwartz for their excellent technical assis-



Factor XII Gene Location

tance. This research was supported by grants
from the Medical Research Council of
Canada (MA 4061 to J.L.H.; MT 7716 to
R.T.AM.) and the Children’s Hospital of
Winnipeg Research Foundation (J.L.H.).
During her stay in Winnipeg, N.J.R. was
supported by a Fellowship from the Manitoba
Research Council and the Faculty Fund, Fac-
ulty of Medicine, University of Manitoba.

LITERATURE CITED

1. Fujikawa, K., and Davie, EW. (1981). Methods
Enzymol 80:198-211.

2. Kaplan, A.P. (1978). Prog. Hemostasis Throm.
4:127-175.

3. Griffin, J.H,, and Cochrane, C.G. (1979). Semin.
Thromb. Hemostasis 5:254-273.

4. Ratnoff, O.D., and Saito H. (1979). Curr. Top.
Hematol. 2:1-57.

5. Colman, R.W. (1984). J. Clin. Invest. 73:1249—
1253.

6. Sealy, J.E., Atlas, S.A., Laragh, J.H., Silverberg,
M., and Kaplan, A.P. (1979). Proc. Natl. Acad. Sci.
U.S.A.76:5914-5918.

7. Gordon, E.M., Donaldson, V.H. Saito, H., Su, E.,
and Ratnoff, O.D. (1981). Ann. Intern. Med.
95:697-700.

8. McKusick, V.A. (1983). Mendelian Inheritance in
Man. Catalogues of Autosomal Dominant, Autoso-
mal Recessive and X-Linked Phenotypes, 6th ed,
(The John Hopkins University Press, Baltimore).

9. Hiemark, R.L., Kurachi, K., Fujikawa, K., and
Davie, E.-W. (1980). Nature 286:456—460.

10. McMillin, C.R., Saito, H., Ratnoff, O.D., and Wal-
ton, A.G. (1974). J. Clin. Invest. 54:1312-1322.
11. Saito, H. (1977). J. Clin. Invest. 60:584-594,

12.

13.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

221

Fujikawa, K., and McMullen, B.A. (1983). J. Biol.
Chem. 258:10924-10933.

McMulilen, B.A., and Fujikawa, K. (1985). J. Biol.
Chem. 260:5328-5341.

Cool, D.E., Edgell, C.-J.S., Louie, G.V., Zoller,
M.J., Brayer, G.D., and MacGillivray, R.T.A.
(1985). J. Biol. Chem. 260:13666-13676.
DeGrouchy, J., and Turleau, C., (1974). Human-
genetik 24:191-195.

Biederman, B., and Bowen, P. (1978). Hum. Genet.
41:101-107.

Friedrich U., Osterballe, O., Stenbjerg, S., and
Jorgensen, J. (1979). Hum. Genet. 51:231-235.
Bernstein, R., Dawson, B., Morcom, G., Wagner, J.,
and Jenkins, T. (1980). Clin. Genet. 17:228-237.
Kawashima, H., and Taniguchi, N. (1981). Clin.
Genet. 19:207-208.

Mattei, M.G., Arnolds, M., Juhan, 1., Rebuffel, P.,
Mattei, J.F., and Giraud, F. (1981). Cytogenet. Cell
Genet. 32:296A.

Pearson, P.L., van der Kamp, J., and Veldtkamp, J.
(1981). Cytogenet. Cell. Gener. 32:309A.

Niebuhr, E., Eiberg, H., and Schousboe, I. (1985).
Cytogenet. Cell. Genet. 40:714A.

Cool, D.E., and MacGillivray, R.T.A. (1987). J.
Biol. Chem. 262:13662-13673.

Maniatis, T., Fritsch, E.F., and Sambrook, J.
(1982). Molecular Cloning, A Laboratory Manual,
(Cold Spring Harbor Laboratories, Cold Spring
Harbor, New York).

Donald, J.L., Wang, H.S., Kamali, V., Liebert, L.,
Rudner-Marion, M., Cameron, E.S., Riddell, D.C.,
Vust, A., Wrogemann, K., and Hamerton, J.L.
(1983). Cytogenet. Cell Genet. 37:453A.

Feinberg, A.P., and Vogelstein, B. (1984). Anal.
Biochem. 137:266-267.

Royle, N.J,, Irwin, D.M., Koschinsky, M.L., Mac-
Gillivray, R.T.A., and Hamerton, J.L. (1987).
Somat. Cell Mol. Genet. 13:285-292.

Harper, M.A., and Saunders, G.F. (1981). Chro-
mosoma 83:431-439.

Lin, C.C., Draper, P.N.,, and DeBrackeleer, M.
(1985). Cytogenet. Cell Genet. 39:269-274.



