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SUMMARY An immunoperoxidase technique has been used to localise clotting factor XIII sub-
units A and S in human tissues. The presence of factor XIII in placenta and megakaryocytes was

confirmed. Factor XIII was also found in fibroblasts, a hitherto unreported finding. Factor XIII
subunits were not detected in hepatocytes, although factor XIII was found in fibroblasts in portal
tracts. These findings suggest that factor XIII is not synthesised in the liver as previously thought.

Factor XIII is a plasma proenzyme which circulates
as a dimer of the active subunit (subunit A) attached
to a dimer of the carrier protein (subunit S). It is
essential for normal clot formation and inherited
factor XIII deficiency results in a serious bleeding
disorder. Factor XIII concentrations are low in con-
ditions in which hepatic protein synthesis is
impaired, such as chronic liver disease,' and raised
in conditions in which hepatic protein synthesis is
enhanced, such as the nephrotic syndrome2 and the
hypertriglyceridaemias.3 Consequently, factor XIII
is thought to be synthesised in the liver. It has been
found in megakaryocytes in bone marrow and in
cells in the placenta by immunofluorescence,4 and
Ikematsu5 has reported that factor XIII can be
detected in hepatocytes using a immunoperoxidase
technique. There is, however, little correlation be-
tween tests of liver function and plasma factor XIII
concentrations, and concentrations can also be low
in conditions which do not affect the liver.6

Since the site of synthesis of factor XIII is in doubt
we have studied the localisation of subunits A and S
in human tissues, including liver, bone marrow, and
placenta, using an immunoperoxidase technique
with subunit specific antisera.

Material and methods

Rabbit antihuman antiserum to subunits A and S
was obtained from Hoechst (Clotimmun, Behring-
werke, batch nos 105813A, 105904A). Peroxidase
conjugated swine antirabbit antiserum was obtained
from Dako (Mercia). All other material was
obtained from BDH.

Accepted for publication 26 January 1984

TISSUES
Paraffin embedded human tissue was obtained from
the surgical pathology files of a department of his-
topathology. Tissues examined included four his-
tologically normal specimens of liver obtained by
surgical and needle biopsy or at necropsy, hypo- and
hypercellular bone marrow trephine biopsy speci-
mens, normal full term placenta, and a surgically
excised partial gastrectomy specimen containing a
benign peptic ulcer. In addition, fresh liver and
placenta were obtained for both paraffin embedding
and frozen sections.

METHOD
Tissue blocks were fixed in phosphate buffered for-
malin for at least 24 h and then processed by stan-
dard methods.
1 Sections (4 gm) were taken to water via xylene
and alcohol.
2 Endogenous peroxidase activity was blocked by
immersing the sections in 1% hydrogen peroxide in
absolute methanol for 30 min.
3 Sections were treated with 0. 1% trypsin in 0- 1%
calcium chloride in TRIS buffered saline (TBS) at
37°C, pH 7-6, for 20 min with a subsequent wash in
TBS (5 min).
4 Sections were then treated with a 1/5 dilution of
normal swine serum (NSS) in TBS at room tempera-
ture in a humid chamber for 10 min.
5 Excess NSS/TBS was removed, and 1/25 rabbit
antihuman factor XIII subunit A or S antiserum (in
1/20 NSS/TBS) was added and the sections incu-
bated in a humid chamber at room temperature for
15 min.
6 Sections were washed in TBS for 5 min and
incubated with 1/25 swine antirabbit IgG peroxidase
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conjugate (in 1/20 NSS/TBS, pH 7.6) at room temp-
erature for 15 min, with a subsequent wash in TBS
for 10 min.
7 The sections were then rinsed in 0 05 M acetate
buffer pH 5 for 30 s and incubated (stirring) in
0-02% amino-ethyl carbazole in 0 05 M acetate buf-
fer pH 5 for up to 1 min.
8 Hydrogen peroxide was added to a final concen-
tration of 0-02% and the sections were incubated for
a further 5-10 min.
9 Finally, the sections were rinsed with 0-05 M
acetate buffer pH 5 and tap water, counterstained
with Harris's haematoxylin, and mounted in neutral
glycerine jelly.

CONTROLS
Negative control. Omission of primary antiserum
(anti-A or anti-S) abolished staining.
Adsorption control. Anti-A antiserum was adsorbed
with factor XIII concentrate (Fibrogammin,
Hoechst, contains only subunit A) by mixing the
antisera with the concentrate; absorption abolished
staining.
Extinction of staining with progressive dilution of
the primary antisera. Staining was progressively

reduced until extinction occurred at titres of 1/200
for anti-A and anti-S.
Omission of trypsinisation did not abolish staining
for both subunit A and subunit S but did result in a
diminution of staining intensity.

Results

Intense positive staining for subunits A and S was
found in spindle and stellate cells situated in the
fibrous connective tissue of the portal tracts. There
was no staining with either anti-A or anti-S anti-
serum in hepatocytes. In addition, staining was
absent in Kupffer cells, capillary and sinusoidal
endothelium, bile duct epithelium, lymphoid cells,
and erythrocytes. The positively stained cells are
interpreted as inactive fibroblasts (Fig. 1).

In both hypo- and hypercellular marrow there was
intense staining of megakaryocytes with both anti-
sera; all other cells, including osteoblasts and capil-
lary endothelium, were not stained.

In placenta, intense positive staining for subunits
A and S was found exclusively in the mesenchymal
cells of the connective tissue of the chorionic villi.
Syncytiotrophoblast, cytotrophoblast, and vascular

Fig. 1 Positive staining (arrows)
for factor VIII (subunit A) in
fibroblasts in the portal tract ofa
wedge biopsy specimen ofhuman
liver. Neither subunit A nor
subunit S were shown in
hepatocytes. This staining pattern
was consistently reproducible in all
liver specimens (see text). The liver
was histologically normal. x 750.
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endothelium were all negative (Fig. 2).
The partial gastrectomy specimen showed positive

staining for subunits A and S in active fibroblasts in
the zone of granulation tissue subjacent to the
chronic ulcer. Staining was absent in gastric mucosal
epithelium, smooth muscle, and vessels.

Discussion

Using an immunoperoxidase technique employing
subunit specific factor XIII antisera we have been
able to show specific staining of factor XIII subunits
A and S in human tissues. Subunit A was found in
megakaryocytes and placenta as has been previously
described,4 and we were also able to show subunit S
in these tissues, a finding not previously noted. Bohn
et all have shown that factor XIII extracted from
human placenta has a similar molecular weight to
subunit A; plasma factor XIII has a much larger
molecular weight owing to the combination of sub-
units A and S. Subunits A and S are both present in
the cells but may not be combined as in the plasma,
which may explain why subunit S has not previously
been found in placenta. The staining of the two sub-
units in our material was cytoplasmic in distribution.
We were unable to show either subunit A or sub-

Fig. 2 Positive staining for factor
XIII (subunit A) in mesenchymal
cells (arrows) in a chorionic villus
ofa ftll term placenta. Positive
staining ofboth subunit A and
subunit S was found.
Syncitiotrophoblast and
cytotrophoblast were not stained.
x 750.

unit S in the hepatocytes of human liver obtained in
three different ways, even when using antisera at
titres which gave reproducible specific staining in
other cells in the same section. Ikematsu5 has
reported that the two subunits can be detected in
hepatocytes, but the validity of this report is ques-
tionable as details of the method used, controls,
antisera titres, and source of the tissue are not given.
Lee and Chung8 have reported the detection of fac-
tor XIII in isolated rabbit hepatocytes, but again
insufficient details were given for adequate assess-
ment of the report. The positive staining of connec-
tive tissue cells interpreted as fibroblasts is a new
observation. Similar cytoplasmic staining of fibro-
blasts was seen at the site of a peptic ulcer. This
may be relevant to the role of factor XIII in wound
healing, which is abnormal in inherited factor XIII
deficiency.6
Of course, factor XIII may be present in hepato-

cytes in amounts too small to be detected by this
immunoperoxidase technique, but the amounts
would be appreciably smaller than in the fibroblastic
cells.
The low plasma concentrations of factor XIII

found in chronic liver disease may be due to the low
grade disseminated intravascular coagulation which
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occurs in these patients.9 Plasma factor XIII con-
centrations are known to fall in disseminated
intravascular coagulation.'0 Increased concentra-
tions of factor XIII in the nephrotic syndrome may
be due to increased marrow turnover since these
patients can have thrombocytosis," and this could
also account for raised factor XIII concentrations in
hyperlipidaemias. Some patients with hyper-
lipidaemias have increased platelet turnover and
hence increased megakaryocytic activity.'2

This study shows that factor XIII is not present in
human hepatocytes and suggests that plasma factor
XIII may be produced by megakaryocytes or fibro-
blasts. The demonstration of factor XIII in
fibroblasts is new and may provide a link with
previous observations of poor wound healing in
patients with inherited factor XIII deficiency. It
would be of interest to see if factor XIII could be
detected in human fibroblasts in vitro.

We thank Professor CC Bird for his assistance.
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