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Summary
A detailed clinical analysis and investigation of 57 patients

who had an iliofemoral thrombosis, or " white leg," is presented.
The main aetiological factor in these cases is shown to be a

compression stenosis of the left common iliac vein by the over-
riding right common iliac artery.

This not only precipitates the thrombosis in the first place
but prevents adequate recanalization at this point, thus account-
ing for the chronic iliac vein obstruction which develops in
these cases.

Other less common varieties of iliac vein compression are
described.

Evidence for this view is presented from phlebography of
the iliac veins, from measurements of venous pressure in these
cases, from anatomical studies, and from operative experience.
The symptom of venous claudication, which is highly typical

of this group of cases, is described.
The name " iliac compression syndrome " is suggested, to

embrace both the acute and the chronic phase of the disease.
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in the surgical unit. We wish to thank Professor W. I. Cranston
for permission to perform many of these investigations in the medical
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the histological examinations. Dr. D. M. Tompsett, of the Depart-
ment of Anatomy, Royal College of Surgeons of England, gave much
valuable help with the preparation of the corrosion casts.
The drawings are by Miss C. J. Dewe, medical artist, St. Thomas's

Hospital, and Mr. H. S. Drury, medical artist, Middlesex Hospital,

and the photographs by Mr. T. W. Brandon, Department of Clinical
Photography, St. Thomas's Hospital. We are grateful to Miss
M. M. Taylor for her secretarial help.
One of us (D. N.) was supported by a grant from St. Thomas's

Hospital Endowment Fund, and we are grateful for this assistance.
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Autoantibodies which react with human colonic mucosa have
been shown in patients with ulcerative colitis by haemagglutina-
tion (Broberger and Perlmann, 1959; Asherson and Broberger,
1961) and immunofluorescence (Broberger and Perlmann, 1962;
Klavins, 1962; Koffler et al., 1962; Harrison, 1965a; Wright
and Truelove, 1966). Recently rat colon mucosa has been used
for immunofluorescence studies and a phenol-water extract of
faeces from germ-free rats as a haemagglutinating antigen
(Hammarstrdm et al., 1965 ; McGiven et al., 1967). Despite
intensive study, the role of autoantibodies in the pathogenesis
of ulcerative- colitis and their diagnostic significance have
remained unclear. In the following serological investigation of
ulcerative colitis patients by haemagglutination, immuno-
fluorescence, and tissue culture techniques about one-fifth
showed intestinal-specific autoantibodies, but these were not
directed exclusively against colon mucosa. The results do not
indicate that any circulating gastrointestinal autoantibody is
itself a pathogenic agent in ulcerative colitis.

Methods

Sera were obtained from 54 patients with ulcerative colitis.
In 42 the colon was removed and the diagnosis confirmed histo-

logically. There were 23 males and 31 females, aged from 10
to 82 years. The duration of colitis symptoms extended from
1 month to 30 years. We have graded the severity of the colitis
according to the extent of mucosal ulceration in the colectomy
patients and according to the bowel habits in the others.
As controls, sera were examined from 194 individuals, con-

sisting of 17 with malabsorption of various types, 16 with carci-
noma of the large bowel, 11 with amoebiasis, 30 with pernicious
anae~mia, 22 with autoimmune thyroiditis, 22 with systemic
lupus erythematosus, 21 with rheumatoid arthritis, 35 with
scleroderma, and 20 normal healthy subjects. Sera from those
patients with the various autoimmune diseases contained the
corresponding tissue-specific autoantibodies.

Haemagglutination

Sera, after inactivation at 560 C. for 30 minutes, were
absorbed with washed erythrocytes (twice with human group Al
cells and once with sheep cells). Sheep erythrocytes sensitized
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with the freeze-dried antigen prepared from faeces of germ-free
rats were added to doubling dilutions of sera, and any agglutina-
tion was recorded after two hours at room temperature and again
after keeping overnight at 10° C. (Hammarstrdm et al., 1965).

Immunofluorescence
Sandwich staining with goat anti-human globulin labelled

with lissamine rhodamine B (RB200) or, in some experiments,
fluorescein isothiocyanate was employed, the general procedures
and tests of specificity described elsewhere (Nairn, 1964) being
used. Three fluorescein-conjugated antisera with specific
activity against the se-arate classes of human immunoglobulins
IgG, IgA, and IgM w.re used to determine the nature of the
antibody in three strongly reacting human sera. Blocks of fresh
human and rat stomach, small intestine, and colon were snap-
frozen in a slurry of liquid nitrogen-isopentane at - 1600 C.
and stored at - 70° C. Sections cut at 6,t in a cryostat at.
-20° C. and fixed in 95 % ethanol at O° C. for 10 minutes
were treated with a drop of the patient's serum for 30 minutes
in a moist chamber at room temperature. The preparations,
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after rinsing and washing for 10 minutes in two changes of
phosphate-buffered saline (0.01 M phosphate, pH 7.1), were

treated for 30 minutes with the fluorescent anti-human globulin,
again rinsed and washed in buffer and mounted in buffered
glycerin.

Unabsorbed sera were tested for antibodies against mucosa of
stomach, small intestine, and colon removed surgically from
blood group 0 patients. For testing against rat gastrointestinal
tract sera were absorbed twice with human Al erythrocytes to
prevent reactions with the A-like substance present in the
mucosa (Zweibaum et al., 1966; McGiven et al., 1967). Sera
which reacted with colonic antigens were absorbed with homo-
genates prepared from the mucosa of human and rat stomach,
small intestine, and colon to test for colon specificity.
Four sera which reacted strongly with human colonic mucosa

were tested for their ability to fix the /1C component of human
complement. Sections were covered with the test sera for
30 minutes, washed twice in phosphate-buffered saline, and then
treated with fresh normal human serum diluted 1 in 20 in
buffered saline containing calcium and magnesium (Oxo Ltd.)
for 30 minutes in a moist chamber at 370 C. After two five-

rIu. Z

FIG. I

F-IG. 3

FIG. 4

Fluorescence photomicrographs of fresh frozen sections of
gastrointestinal mucosa treated first with ulcerative colitis

serum and then with labelled anti-human globulin.

FIG. 1.-Rat colon mucosa stained by serum of Case 53
after absorption with A, erythrocytes. (x 150.)

FIG. 2.-Autolmmune staining of human colonic glands by
serum of Case 46. (X 150.)

FIG. 3.-Human group 0 small intestine stained by serum
of Case 46. (x 100.)

FIG. 4.-Area of intestinal metaplasia in stomach from a
group 0 individual stained by serum of Case 46. ( x 200.)
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minute washings in buffered saline the sections were stained
by a fluorescein-conjugated antiserum with specific activity
against human 81C. Parallel control tests included the use of
diluted human serum in which complement had been inactivated
by heat at 560 C. for 30 minutes.

Autoantibodies against nuclear material, thyroid, gastric
parietal cells, and adrenal were also sought by immuno-
fluorescent staining of appropriate organs.

Tissue Culture

Pieces of normal colonic mucous membrane from human
colectomy specimens (removed for carcinoma, diverticulitis, or
ulcerative colitis) and from two 6-month-old human foetuses
were grown on flying coverslips and in suspension in medium
199 supplemented with 20% foetal calf serum. Viability of the
cultured cells in the presence of the test sera was shown by
their remaining unstained in the presence of 0.5 % trypan blue in
physiological saline. Cultures only between 96 and 120 hours
old and showing good epithelial migration were used for anti-
body-binding and cytotoxicity tests. The viability of random
cultures taken from each group of tests was also ascertained
from the ability of the cells to take up tritiated thymidine added
to the medium at a concentration of about 5 uCi/ml. Twenty-
four hours after addition of tritiated thymidine the preparations
were fixed for autoradiography, for which Kodak AR 10 strip-
ping film was used. In order to assess the persistence of
gastrointestinal-specific antigen at the time of exposure to the
ulcerative colitis sera, sample cultures were examined by
immunofluorescence with a specific heterologous gastro-
intestinal antiserum described elsewhere (Nairn et al., 1962).

Six c-Ierative colitis sera (Cases 1, 3, 28, 51, 52, and 53 in
Table I) were tested by applying sufficient inactivated serum
to the medium containing the cultured colonic epithelium
to give final dilutions of 1/2 and 1/4. In a parallel series
of experiments fresh guinea-pig complement was also added.
Observations were continued for at least 45 minutes. Control
tests were made simultaneously with complement alone, with
normal human serum with and without added complement,
and with the heterologous gastrointestinal antiserum of
proved cytotoxicity. In preliminary experiments cultures
with the test sera were continuously watched for any
evidence of cytolysis, which was not seen during the observa-
tion period of one hour. Cytotoxicity results were assessed
on the basis of the percentage of trypan-blue-stained cells,
in counts made every 15 minutes, in each preparation. Un-
diluted sera were also applied direct to the culture preparations,
which had been washed in phosphate-buffered saline, and any
binding to cells was demonstrated by immunofluorescence.

Sera which showed signs of cytotoxic action on colonic epi-
thelium were also tested against cultures of human thyroid,
foetal lung, and lymph node.

Results

The clinicopathological and serological findings in the 54
ulcerative colitis patients are summarized in Table I. Haem-
agglutination titres of 16 or more, suggested by Lagercrantz
et al. (1966) as representing possible abnormality, were obtained
with sera from 17 of the patients. Staining of the mucosa of
colon was obtained with 16 sera: three stained human mucosa
only, six rat mucosa only, and seven the mucosa of both species.
True autoimmune staining of the patient's own colon was
demonstrated in two cases in which it was attempted (Cases 46
and 50). In the majority the pattern of staining was cyto-
plasmic with fluorescence of intracellular and intraluminal

mucus (Figs. 1 and 2); a small number of sera showed only
strong surface staining, which had to be distinguished from the
adherence of normal serum to mucosal cells. The pattern of
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cytoplasmic fluorescent staining was identical with that given
by the heterologous gastrointestinal antiserum (Nairn et al.,
1962).
TABLE I.-Clinicopathological and Serological Findings in Patients with

Ulcerative Colitis

Colitis Colonic Antibodies

Case Blood ~~~~~~~~~~Immunofluor- Haemag-

No.e Sex Age GopDura- Clinico- escence with 'lutinationNao. Ses~geGr~oup i (ytion pathological Mucosa of Titre with

(years) Severity Rat Faeces

Human Rat Antigen

M 52 A 30 + ++ + 128

2 F 55 A 26 +++ 16

3 F 21 0 15 + + + 64

4 F 25 0 15 +++
4

1 F 37 B 15 ++ _ 16

6 F 30 A 15 16
7 F 37 0 14 8

8 M 37 A 14 _ <4
9 M 27 A 12 +++ <4
10 M 61 0 10 +++ + +

<

11 M 41 0 10 ++
<4

12 F 57 A 10 8

13 F 22 B 8 - 4
14 F 54 A 8

<4
15 F 33 7 8

16 F 54 0 5 +++ <4
17 F 39 0 5 +0 8

18 M 10 0 5 + + + 128
19 F 43 AB 5

< 4
20 F 55 0 4 ++ __ <4

21 M 75 0 4 +* + + <4

22 F 39 0 4 + < 4
23 M 18 B 4 <4

24 M 19 B 4 <4

25 F 22 A 3 +++ 16

26 M 44 0 3 +++ <4

27 F 32 0 3 +++ <4
28 M 22 0 3 ++ + 32

29 F 21 0 3 ++ + 16
30 F 37 6 3 + + <4
31 M 74 AB 3 + 8

32 F 18 A 3 + _+ 4
33 F 33 A 3 32

34 M 56 A 2 ±+++ + + 32.
35 F 43 A 2 +++ 16
36 F 71 B 2 ++ _ <4

37 F 55 A 2 +++ _ <4
38 F 64 A 2 + _ <4
39 M 28 0 + + + + <4
40 M 24 0 ++ + 16
41 F 37 A + + <4
42 M 19 B 1 + <4

43 F 47 A + + <4
44 F 23 0 9/12 ++* + 64
45 M 51 A 9/12 ++ 32
46 M 23 0 8/12 +++ + + 8
47 M 18 A 6/12 +++ <4
48 M 43 A 5/12 +++ 4
49 F 27 A 5/12 +++ <4
50 M 53 0 3/12 + + + + 64
51 F 82 A 3/12 + +~ <4
52 M 27 B 2/12 ++ + + 32
53 M 76 0 1/12 +++ + <4

54 .F 59 AB 1/12 ++++ _ 4

Severity of colitis: ++ + severe, + + moderate, + mild, - remission.
* Clinical assessment only. Colectomy specimens available in unstarred cases.

Serum which stained human colon mucosa usually reacted
also with the mucosa of human small intestine (Fig. 3) but not
with human stomach, unless intestinal metaplasia was present
(Fig. 4). One serum (Case 51) stained the superficial cells of
human gastric mucosa only. Sera which stained rat colon
usually stained rat stomach as well, though the staining of small
intestine was rather variable. Study of the three strongly posi-
tive sera (Cases 46, 50, and 52) with fluorescein-conjugated
antisera directed against the immunoglobulins IgG, IgA, and
IgM revealed that the cytoplasmic staining of the mucosal cells
was produced by antibodies of the IgG type. In the immuno-
fluorescent complement-fixing tests three of four sera gave posi-
tive rcsults-that is, they fixed the /31C component of human
complement to human colonic mucosa (Cases 28, 34, and 50
were positive; Case 46 was negative).

Absorption Experiments.-The haemagglutinating and
fluorescent-staining activity of ulcerative colitis sera which
reacted strongly with rat colon antigens could be abolished by
absorption with homogenates of mucosa of rat stomach, small
intestine, or colon, but any reactivity with human intestinal
mucosa persisted. Similarly absorption of sera with human
intestinal homogenates inhibited staining of human intestinal

mucosa, and reactivity with the rat antigens persisted.
Control Sera.-Of 194 examined only two reacted by immuno-

fluorescence with human colon, whereas 11 stained rat colon

1 April 1967 Ulcerative Colitis-McGiven et al.
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(Table II): the pattern of staining was indistinguishable from
that obtained with the positive Ulcerative colitis sera. None of
the control sera reacted with both human and rat colon mucosa.
Haemagglutination titres of 16 or more with the rat faeces
antigen were obtained with 64 of the control sera (Table III).

TABLE II.-Immunofluorescent Staining of Colon Mucosa

No. of Mucosal Staining
Sera

Tested Human Rat

Ulcerative colitis . ..54 10 13*
Malabsorption... 17 0 2
Carcinoma large bowel .. . 16 0 3
Amoebiasis .. . 11 0 0
Pernicious anaemia . . . 30 1 0
Thyroiditis .. . 22 1 0
Systemic lupus erythematosus 22 0 0
Rheumatoid arthritis .. . 21 0 0
Scleroderma ...35 0 2
Normal.. .. . 20 0 4

Total .248 12 24

* 7 of these stained human mucosa.

TABLE III.-Haemagglutination Titres with Rat Faeces Antigen

___-____- ____ Titre

<4 4 8 16 32 64 128 256

Ulcerative colitis 26 5 6 7 5 3 2 0 54
Malabsorption 2 3 5 3 2 2 0 0 17
Carcinoma large

bowel .. 4 4 2 2 2 1 1 0 16
Amoebiasis .. 6 0 3 1 0 0 1 0 11
Pernicious

anaemia .. 8 5 6 7 1 2 1 0 30
Thyroiditis .. 3 8 6 3 0 1 0 1 22
Systemic lupus

erythematosus 12 3 5 1 0 1 0 0 22
Rheumatoid

arthritis .. 5 4 3 6 1 1 0 1 21
Scleroderma.. 11 10 3 5 3 2 0 1 35
Normal .. 1 3 5 6 3 1 1 0 20

Total .. 78 45 44 41 17 14 6 3 248

Tissue-culture Experiments.-In the tissue-culture experi-
ments it was found that up to the time of the cytotoxicity tests
more than 60% of the colonic epithelial cells retained gastro-
intestinal-specific antigenicity as judged by immunofluorescent
staining with the heterologous gastrointestinal antiserum. How-
ever, the ulcerative colitis sera, even though shown by immuno-
fluorescence to be coating the cultured mucosal cells, were not
specifically cytotoxic. Some increase in the proportion of
trypan-blue-stained cells occurred with five of the six sera
tested (Case 1 was negative), with or without complement, but
it was no greater than that seen with cultured human cells other
than colon treated in the same way.

Other Autoantibodies.-Three ulcerative colitis sera contained
antibodies against rat gastric parietal cells (Cases 12, 16, and
17), one reacted with thyroid cytoplasm (Case 14), and none

with nuclei, thyroid colloid, or adrenal.

Discussion

The low incidence of autoantibodies against organs other
than colon, also found by Harrison (1965b) and Wright and
Truelove (1966), might suggest that ulcerative colitis does not

belong to the general group of organ-specific autoimmune
diseases. However, the observation could alternatively be attri-
buted to the fact that our series includes many young patients
in whom the general incidence of autoantibodies is low. Cer-
tainly we have demonstrated human intestinal-specific antibodies
in 10 out of 54 cases, and true IgG autoantibodies in the two
instances where a test was made with serum and colon from

the same patient. Reaction between mucosal cells and positive
sera could be shown in most cases tested to fix complement.

About one-third of the ulcerative colitis sera gave haem-

agglutination titres of 16 or more with the rat faeces antigen,
and this result was almost identical with that of the control sera.

Thus the detection of these haemagglutinating antibodies has

had no diagnostic value in our series. On the other hand,
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immunofluorescent staining of rat colon mucosa could prove

more helpful, since after absorption with group A1 red cells
24% of the sera from patients with ulcerative colitis gave a

positive reaction, compared with 5% of control sera. Though
of low incidence, immunofluorescent staining of human colon
mucosa from group 0 individuals is highly significant. Un-
equivocal staining such as was obtained in 18 % of the ulcera-
tive colitis sera was found in only 1 % of the 194 control sera.

The two patients who reacted in the control series both suffered
from autoimmune disorders but gave no history of ulcerative
colitis.

In contrast with the ulcerative colitis series of Lagercrantz
et al. (1966), in which the higher proportion of significant
haemagglutination titres was found in females, we found in our

series that males comprised 7 out of 10 cases with titres of 32
or more. Furthermore, the incidence of fluorescent staining Of
human colon mucosa was five times greater in males than in
females; this could be due to chance, though it conforms with
the higher male incidence of positive fluorescence tests reported
by Harrison (1965a) and Wright and Truelove (1966). If these
sex differences are real we have no explanation for their
occurrence.

Perlmann et al. (1965) have shown that sera which reacted
with a polysaccharide antigen prepared from sterile rat colon
were inhibited by a polysaccharide antigen from Escherichia coli
014, and suggested that stimulation, perhaps by the heterogenetic
lipopolysaccharide antigen present in Enterobacteriaceae
(Kunin, 1962), might be responsible for the development of
colon antibodies. If this is so, then our failure to distinguish
ulcerative colitis patients from other subjects by haemagglutina-
tion, which is not in accord with more successful discrimination
by Lagercrantz et al. (1966) in Sweden, might be attributable to
differences in the intestinal bacterial flora in an Australian
population. Such geographical variations have already been
noted by Perlmann (personal communication, 1966), who
observed high haemagglutinating titres in one series of normal
sera obtained from Africans.

Haemagglutination and Immunofluorescence

Our experiments show no close relation between the results
of the haemagglutination arid the immunofluorescence tests
against human and rat mucosa, and neither are clearly cor-

related with the clinical state of the patient or the duration of
the disease. It is of interest that Case 18, a boy of 10 with
symptoms of five years' duration, gave strong positive results,
though his colitis was in a state of remission at the time his
serum was examined. This may be an example of the increased
autoimrnmune reactivity already described in juvenile ulcerative
colitis (Asherson and Broberger, 1961). We have found some

patients' sera with high haemagglutinating titres which do not
stain colonic mucosa, and, conversely, some strongly staining
sera which fail to give high haemagglutinating titres. In general
our results point to the presence of a mixture of antibodies the

titres of which are dissociated. The dissociation between the

staining of rat and human tissues may be attributable to the

natural development of antibodies against bacteria that share

common antigens with certain intestinal constituents which

might be abundant in rat mucosa but relatively deficient in man.

The finding that sera which stained sections from rat or

human colonic mucosa also stained mucous cells in other parts
of the alimentary tract, and that absorption with homogenates
of gastrointestinal mucosa in the case of the rat and intestinal

mucosa in the human could abolish activity against that species,
indicates that the antigens detected are not colon-specific but

are distributed throughout the gastrointestinal tract. Thus

the tests appear to be detecting antibodies against a number of

antigens, none of which can be shown to be colon-specific.

Blood group A substance is not implicated in this antigenic

cocktail, and its influence can be discounted in any of the

22 1 April 1967 Ulcerative Colitis-McGiven et al.
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present tests because sera were fully absorbed with Al erythro-
cytes, or human group 0 mucosa was used for immuno-
fluorescence.
The inconstancy of upper gastrointestinal staining, parti-

cularly that of stomach, is deserving of comment. It may be
related to the relative solubility of the antigens sought and the
secretory state of the mucoid cells of the bowel used for
immunohistological preparations. In the human stomach the
gastrointestinal antigen has been shown to be inconstant and of
patchy distribution in experiments with the heterologous rabbit
antigastrointestinal serum (Nairn and de Boer, 1966). Human
stomach mucosa was the only part of the gastrointestinal tract
stained by one ulcerative colitis serum (Case 5), and it can only
be assumed in this case that we are dealing with some unknown
antigen specific to stomach, or at least one which is relatively
abundant there. Our finding that the antibodies in ulcerative
colitis sera which stained human colon and small intestine did
not stain normal gastric mucosa is in accord with the observa-
tions of Harrison (1965a) and Wright and Truelove (1966).

It is clear that the presence of the intestinal autoantibodies in
patients' sera does not explain the selective anatomical localiza-
tion of ulcerative colitis to the colon, and there is nothing from
the results of our tissue-culture studies or those of Broberger
and Perlmann (1963) to suggest that the serum antibodies are
directly related to the pathogenesis of the disease. While these
observations do not support the view that the antibodies are
themselves pathogenic, work at present in progress on the re-
action in tissue culture between lymphoid cells from ulcerative
colitis patients and colon mucosa indicates that cellular immuno-
logical activity, as already suggested by Perlmann and Broberger
(1963), may play a major part in this disease. It is reasonable
to assume that the circulating autoantibodies are a reflection
of such an underlying cellular response.

Summary

Sera from 54 patients with ulcerative colitis included 10
giving immunofluorescent staining of human colon mucosa, 13
staining rat colon, and 17 with haemagglutination titres of 16
or more against rat faeces antigen. In contrast with the immuno-

fluorescence reactions against human colon and rat colon,
haermgglutinating antibodies to rat colon antigens were no
greater in incidence than in 194 control sera. The positive sera
reacted with other parts of the gastrointestinal tract, and no
evidence of colon specificity was obtained. Moreover, they were
not specifically cytotoxic to human colon mucosa in tissue
culture. It is suggested that the autoantibodies which react
with human intestinal mucosa are not themselves the cause of
mucosal damage, but may reflect underlying cellular activity
by autoimmune lymphoid cells.
The incidence of antibodies against parietal cells, nuclei,

thyroid, and adrenal was low.
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Leucocyte Ascorbic Acid Levels in Patients with Malabsorption or
Previous Gastric Surgery
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In states of malabsorption the clinical syndromes associated
with deficiency of the water-soluble vitamins cyanocobalamin
and folic acid are well recognized, Walt clinical scurvy is rare
(Badenoch, 1960).

Patients with malabsorption and small-bowel resections have
a delayed excretion of ingested ascorbic acid (Stewart and
Booth, 1964). These authors have also observed that patients
with idiopathic steatorrhoea could be " saturated " with
ascor~jic acid only by giving them a prolonged course of intra-
venous injections.

, Several patients recently admitted to the Western Infirmary,
Glasgow, with idiopathic steatorrhoea or postgastrectomy
steatorrhoea were found to have purpura and biochemical
evidence of vitamin-C deficiency. It was therefore decided to
measure the " leucocyte ascorbic acid " level in patients with
malabsorption or with a previous history of gastric surgery,
since this level is known to be a more reliable index of ascorbic
acid deficiency than the ascorbic acid saturation test or the
plasma ascorbic acid level (Crandon et al., 1940; Bartley et al.,
1953).
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Patients

There were 13 patients with intestinal malabsorption and
13 who had had gastric surgery. The clinical data are
summarized in the Table.
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