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Abstract
Aim: To investigate the tissue distribu-
tion of the autoantigen specific for pri-
mary sclerosing cholangitis.
Methods: A range of normal frozen tis-

sues including nervous system, muscle,
uterus, ovary, prostate, pancreas, thy-
roid, salivary gland, adrenal gland,
colon, gall bladder, stomach, jejunum,
aorta, skin, kidney, liver, spleen and thy-
mus was sectioned, fixed with acetone,
and air-dried. Normal bone marrow and
HL60, K562, and U937 cells were cytocen-
trifuged on to slides, air-dried, and alco-
hol fixed. Four sera from primary
sclerosing cholangitis with high titre
antibody ( > 11100) were used to screen
the tissues using either two-step or
APAAP immunohistochemistry. Normal
sera were used as controls.
Results: Positive signal was detected in
neutrophils in spleen with three out of
four primary sclerosing cholangitis sera
while one out of four primary sclerosing
cholangitis sera stained spindle cells in
the liver. All four sera stained mature
neutrophils of the normal bone marrow.
Some bone marrow neutrophil precur-
sors (metamyelocytes and myelocytes)
were also positive. All other tissues,
including HL60, K562, and U937 cells,
were negative. Normal sera were negative
on all tissues.
Conclusion: Antigen specific for primary
sclerosing cholangitis seems to be unique
to neutrophil polymorphs and is present
only after myeloblast differentiation of
the myeloid cell line. The antigen may be
within the secondary granule of the neu-

trophil polymorph.

(7 Clin Pathol 1993;46:246-249)
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Primary sclerosing cholangitis is a form of
chronic cholestatic liver disease that causes

inflammation and fibrosis of both the intra-
and extrahepatic bile ducts. The aetiology of
this condition remains unknown. There is,
however, a close association with HLA B8
DR3 and DR2 haplotype."-3 This, coupled
with many other humoral and cellular
immune abnormalities,4'2 strongly favours an

autoimmune basis for this disorder. A previ-
ous study from this unit has shown that a

highly specific anti-neutrophil antibody is pre-
sent in the serum of patients with primary
sclerosing cholangitis."3 This antibody seems
to differ from the anti-neutrophil antibody
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found in systemic vasculitis, glomerulonephri-
tis, or Wegener's granulomatosis.

Methods
The project was approved by the Central
Oxford Research Ethics Committee.

Sera were obtained from four patients with
primary sclerosing cholangitis (three men, age
range 57-67, mean 61 years). Primary scle-
rosing cholangitis was diagnosed on biochem-
ical, histological, and cholangiographic
criteria.'4 All patients also had concomitant
ulcerative colitis. Three patients were taking
sulphasalazine and one had had a colectomy.
All these patients had an anti-neutrophil
serum antibody titres greater than or equal to
1/100 as determined by an immunoalkaline
phosphatase technique."

Sera were also obtained from three normal
subjects (2 men, age range 30-51, mean 46
years).

All sera were stored at -20°C and were
thawed slowly at room temperature just
before use. Repeated freezing and thawing
were avoided.
A range of normal tissues including central

nervous system (cerebrum, cerebellum, and
spinal cord), muscle (skeletal, smooth, and
heart), uterus, ovary, prostate, pancreas, thy-
roid, salivary gland, adrenal gland, colon, gall
bladder, stomach, jejunum, aorta, skin, kid-
ney, liver, spleen and thymus were studied.
The tissues were either obtained within two
hours of surgical resection or from necropsy
within 12 hours of death. These were snap
frozen and stored in liquid nitrogen.
Normal bone marrow (a gift from Dr T

Littlewood, Oxford) was harvested during
transplantation and anticoagulated in EDTA.
This was then diluted 1 in 10 with 5% fetal
calf serum (Tissue Culture Service) in TRIS-
buffered saline (TBS, 50 mM TRIS (Sigma),
145 mM NaCl, pH7-6). Red blood cells were
separated from white blood cells by sedimen-
tation with JPM Prep (TechGen Inter-
national, London). The white cells were aspi-
rated from the medium and resuspended in
the same 5% fetal calf serum. This single
wash was enough to remove most of the J-
Prep medium. Cells were pelleted by centrifu-
gation at 500 x g and then resuspended again
in 5% fetal calf serum. Aliquots of this were

cytocentrifuged (Shandon Southern Cyto-
centrifuge, Cheshire) onto slides for 5 min-
utes at 500 rpm.
HL60 (promyelocytic leukaemic cell),

K562 (erythroid leukaemic cell), and U937
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Figure I Both myelocyte (big arrow) and metamyelocyte (small arrow) give positive
signal. The other positive cells are mature neutrophil polymorphs.

cells (histiocytic lymphoma cell) were also
harvested, cytocentrifuged on to slides and
treated as in the case of bone marrow. All cell
lines were supplied by Dr D Y Mason,
Oxford.

Immunohistochemistry
ALKALINE PHOSPHATASE ANTI-ALKALINE
PHOSPHATASE (APAAP) TECHNIQUE"
All tissues, except bone marrow, were cryo-
stat sectioned (5 gM) at -20°C, mounted at
room temperature on to silanised slides, and
then air-dried. The sections were fixed with
acetone for 10 minutes and again air-dried.
Serum was diluted 1 in 10 in TBS and incu-
bated with the section in a moist chamber for
30 minutes. The serum was then washed off
with TBS, followed by incubation with a sec-
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ondary antibody, rabbit anti-human
immunoglobulin heavy chain (Dako) conju-
gated to alkaline phosphatase, diluted 1 in 30
in TBS. The antibody was rinsed off with
TBS after 30 minutes. Mouse anti-rabbit
monoclonal antibody, MR12 (a gift from Dr
D Y Mason, Oxford) was then incubated
with the section for 30 minutes and washed
in TBS. Rabbit anti-mouse antibody, Z259
(Dako, High Wycombe) diluted 1 in 50, was
incubated with the section for a further 30
minutes. This was washed off and the
APAAP complex (a gift from Dr D Y
Mason), diluted 1 in 2 using TBS, was then
added. Incubation time was again 30 minutes
followed by washing in TBS.
The alkaline phosphatase substrate was

prepared by dissolving 2 mg of naphtol AS-
MX (Sigma) in 0-2 ml of dimethylformamide
(Sigma) and then adding 9 8 ml of 0-1M
TRIS buffer, pH8'2. Immediately before this
preparation was used, Fast Red TR salt
(Sigma) was added at a concentration of 1
mg/ml and the solution filtered directly on to
the slide and incubated for a total of 12 min-
utes.

Two-step immunoalkaline phosphatase
technique
Cytocentrifuged bone marrow cells were fixed
with absolute alcohol for 5 minutes and then
air-dried. The cells were then incubated with
serum diluted 1 in 10 in TBS for 30 minutes
in a moist chamber. This was washed off with
TBS and a secondary antibody, rabbit against
human immunoglobulin heavy chain conju-
gated with alkaline phosphatase, D342
(Dako), diluted 1 in 30 with TBS, was used
to incubate with the cells for a final 30 min-
utes. Fast Red TR salt was again used to
develop the reaction as described above.
The HL60 cells and other cell lines were

treated similarly.
All slides were counterstained with haema-

toxylin after development with Fast Red TR
salt.

All experiments were carried out at room
temperature.

Results

4 BONE MARROW
Mature neutrophils were positively stained
using four primary sclerosing cholangitis
(PSC) sera. They demonstrated the granular
cytoplasm with perinuclear accentuation and
surrounding filaments characteristic of PSC."
Some neutrophil precursors (metamyelocytes
and myelocytes) were also positive (fig 1).
However, earlier precursors including mye-
loblasts and promyelocytes were not stained.
An unstained promyelocyte is shown on fig.
2. Other mononuclear cells, red blood cells,
and their precursors as well as megakary-
ocytes were negative.

Figure 2 The myelocyte is again positive (large arrow). Note the negative staining
promyelocyte (small arrow).

SPLEEN
Three out of the four sera stained cells sur-
rounding the lymphoid areas of the spleen
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Figure 4 Section of the liver which shows a positively stained spindle-shaped cell.

HL60, K562, AND U937 CELL LINES
No positive signal was generated with any of
the primary sclerosing cholangitis sera.

OTHER TISSUES
All other tissues were negative with primary
sclerosing cholangitis sera.
Normal sera were negative with all the tis-

sues surveyed.

`7*4< Discussion
An anti-neutrophil antibody in sera of
patients with primary sclerosing cholangitis
was first described by our group using an

+ immunoperoxidase method.'6 However, this
.,>. method of detection has low specificity. Since

then, other groups have also reported a cyto-
plasmic anti-neutrophil antibody in primary

e sclerosing cholangitis using an indirect
immunofluorescence technique. Duerr et al
claimed high specificity using this tech-
nique.17 This has not been confirmed by oth-
ers,' including ourselves."3 Subsequently, we

have reported a highly sensitive and specific
the method, detecting the cytoplasmic anti-neu-
rac- trophil antibody using an immunoalkaline
own phosphatase technique. The specificity and
were sensitivity of this assay has been confirmed.'9
* the Work has been in progress in several labo-

ratories to identify the antigen. Using sodium
dodecyl sulphate polyacrylamide gel elec-
trophoresis on sonicated neutrophils, Klein et

out al reported the identification of a 60 kilodal-
-a in ton epitope which is claimed to be specific for
ared primary sclerosing cholangitis serum.20
inite However, we have not been able to confirm
culd this."3
d to The aim of this study was to investigate if
icle- any other tissues or cells express this antigen,
not partly as a better source of the antigen for
fore extraction and analysis, and partly to obtain
oly- some insight into its nature and function. It
bile seems that the only cells that carry this anti-

gen are mature neutrophils and some of their
immediate precursors. These results provide
us with some clues as to the possible nature
of the antigen. The earliest recognisable neu-
trophil precursor is the myeloblast. This cell
differentiates into one of the many granulo-
cytic lines including neutrophil polymorphs.
It does not contain primary or secondary
granules. Myeloblasts, following cell division,
evolve into promyelocytes, the stage of

A azurophilic or primary granules synthesis.
The promyelocyte divides to produce myelo-
cytes, a cell associated with development of
specific or secondary granules. The subse-
quent maturation phase includes metamyelo-
cytes, when specific granules become
predominant, followed by development of

- band and mature neutrophil polymorphs.
Therefore neutrophils, metamyelocytes, and
myelocytes have the full complement of pri-
mary and secondary granules. As only neu-
trophils, metamyelocytes, and myelocytes
stained with the primary sclerosing cholangi-
tis sera, this suggests that the antigen locates
only within the secondary granule. This argu-
ment is reinforced by the finding that the
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HL60, a promyelocytic leukaemic cell line,
was negative.
The antigen for cytoplasmic anti-neu-

trophil antibody in Wegener's granulomatosis
has been identified as serine proteinase 3
(with a molecular weight of 29 kilodaltons)
which is present in the primary granule.21 22
Many laboratories have shown that proteinase
3 is not the antigen to which the autoanti-
body in primary sclerosing cholangitis is reac-
tive.'7 23 Myeloperoxidase, elastase, and
cathepsin G, all of which are present in the
primary granule, have also been excluded as a
potential antigen in PSC.'723

In conclusion, the PSC specific antigen is
probably expressed exclusively by the neu-
trophil polymorph and its slightly earlier pre-
cursor. The antigen could be in the secondary
granule. But the exact nature of the antigen
remains to be determined.

We thank Dr T Littlewood for assessing the bone marrow
slides and Mr J Richardson for photographic assistance.
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