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Class II major histocompatibility complex antigen
expression on peripheral blood monocytes in patients
with inflammatory bowel disease

K R Gardiner, A D Crockard, M I Halliday, B J Rowlands

Abstract
Macrophage major histocompatibility com-
plex (MHC) class II antigen expression is
associated with defective antigen presentation
to T lymphocytes in animals and is predictive
of patient outcome after major trauma or
sepsis. In this study, class II antigen (HLA-DR
and DQ) expression on peripheral blood
monocytes was investigated in patients with
inflammatory bowel disease in relation to
disease activity and outcome. The percentage
positivity and fluorescent intensity of expres-
sion of HLA-DR and DQ antigens on mono-
cytes were determined in whole blood samples
using dual colour immunofluorescence label-
ling and flow cytometry. Disease activity was
assessed using clinical and laboratory indices.
There was no significant difference in percent-
age positivity or fluorescent intensity ofclass II
antigen expression between patients with
Crohn's disease, those with ulcerative colitis,
and healthy volunteers. The percentage of
monocytes displaying HLA-DR positivity was
significantly decreased in patients with active
ulcerative colitis (active %: 49-5 (5.6); inactive
%: 78*9 (6.9); p=0O01). Data expressed as
mean (SEM). In patients requiring surgical
resection of diseased bowel, the percentage
of monocytes displaying HLA-DR positivity
(51-9 (4.0) %) was significantly reduced com-
pared with patients receiving medical treat-
ment alone (81.1 (3.5) %; p<0 001).
Reduced monocyte HLA-DR expression is
therefore associated with disease activity and
seems to predict outcome in patients with
inflammatory bowel disease.
(Gut 1994; 35: 511-516)
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While a single aetiological agent for inflam-
matory bowel disease has not been identified,
there is evidence that host response to luminal
antigens has a role in the ongoing inflammation.
There are reports of raised concentrations of
circulating antibodies to enteric bacteria'2 and
dietary antigens' and also of cell mediated
responses to bacterial antigens in patients with
ulcerative colitis and Crohn's disease.45 Crucial
to the mounting of an immune response is the
recognition of the foreign antigens present
on such infectious organisms or dietary com-

ponents. T cells require macrophage cell surface
expression of both the foreign antigen and
self major histocompatibility complex (MHC)
antigens to initiate a response and proliferate.6
The result is the generation ofT helper cells with
subsequent B cell immunoglobulin production
and enhanced phagocytosis of the antigen.

The main human histocompatibility antigens,
of which there are three classes, were first
identified on peripheral blood lymphocytes and
therefore named human leucocyte antigens
(HLA). Class II antigens contain at least three
subsets: HLA-DR, DQ, and DP.7 Among these,
HLA-DR molecules are dominant and are
present primarily on the surface of B lympho-
cytes, some T lymphocytes, and on antigen
presenting macrophages. Reduced macrophage
MHC class II antigen expression is associated
with defective antigen presentation to T lympho-
cytes in animals subjected to haemorrhagic
shock.8 In addition, expression of HLA-DR
on peripheral blood monocytes has been
shown to predict patient outcome after major
trauma.9"'

It is not clear if a reduction in macrophage
class II antigen expression contributes to the
impairment in antigen presentation (or poor
outcome) or is simply a marker of the initial
insult.8-'0 This study investigated the relation of
class II antigen expression by peripheral blood
monocytes with disease activity and with out-
come in patients with inflammatory bowel
disease.

Patients and methods

PATIENTS AND CONTROLS
The study group consisted ofpatients, diagnosed
as having Crohn's disease or ulcerative colitis on
the basis of clinical, radiological, and endoscopic
features. Eighteen patients were studied
(ulcerative colitis: n= 11, Crohn's disease: n= 7)
with an age range of 15-73 years. Fifteen healthy
volunteers, age range 20-55 years, served as
controls. No patient or control had received
immunosuppressive treatment or had had
surgery within the previous three months. This
study was approved by the research ethical
committee of the Faculty of Medicine, The
Queen's University of Belfast.

COLLECTION OF BLOOD
Venous blood was taken from patients within 24
hours ofadmission with a symptomatic relapse of
inflammatory bowel disease or for follow up
colonoscopy. Blood was collected aseptically in
sterile and endotoxin free borosilicate glass tubes
containing heparin 20 units/ml for monocyte
HLA-DR and DQ determination. Blood was
collected for measurement of acute phase pro-
teins, erythrocyte sedimentation rate, serum
albumin concentration, and differential white
cell count.

511



Gardiner, Crockard, Halliday, Rowlands

60 A

, .
t : *.
Q ....
._ . ._ *
n :. .,
Q : ::. .

en .................4_ ........
.......r .........
........

cn ...................
._ ........J ........

.........O *.e

.........O ........
_ . .:::: . . *

h* * * ........... ... .... .. ... .. ............. ...... .... ... ........................ .. ........ ...... z z@ ........................ ....... ...... .................. . ........................ ...
@ ,.., .:

: NR K::::: :'
: e .::

., ....
# 0 ...........

..s.. . s_...... ,, s
......
..... .
... .
......
..... ..
............ ... .
.....
...... .
.... .
..... ..
... .

::
:.

r "r

60
FALS

a)
01)

0
0
z

B

I..
o

Ise I .I I

Fluorescence intensity

Figure 1: Identification ofmonocytes by (A)forvard and 90" light scatter signals (FALS);
gated monocytic populations shown arrowed, (B) LeuM3 (CD14) positivity (95%) ofthe gated
monocytic population.
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Figure 2: Fluorescein histogram of(A) HLA-DR and (B) HLA-DQ labelled monocytes
identified on the basis oflight scatter signals and Leu M3 positivity; (C) mouse IgG,-fluores
isothiocyanate control histogram.

CELL SEPARATION
In a preliminary study, with five healthy volun-
teers, monocyte expression of HLA-DR and
DQ antigens was determined simultaneously in
aliquots ofwhole blood and ofa mononuclear cell
preparation. Mononuclear cells were separated"
from a 20 ml sample of fresh venous blood and
resuspended in phosphate buffered saline to give
a count of lOx 106 mononuclear cells/ml.

IMMUNOFLUORESCENCE STAINING
The expression ofHLA-DR and DQ antigens on
monocytes was determined in whole blood (or
the mononuclear cell preparation), within two
hours of collection, using dual colour immuno-
fluorescent labelling and flow cytometry.
Monocytes were identified by direct immuno-
fluorescence staining using phycoerythrin
conjugated monoclonal antibody anti-Leu M3
(CD14) (Becton Dickinson, Oxford, UK). This
identifies 70-93% of human peripheral blood
monocytes and does not react with lympho-
cytes.'2 The expression of HLA-DR and
HLA-DQ antigens was determined using
fluorescein isothiocyanate conjugated HLA-DR
and HLA-DQ monoclonal antibodies (Becton
Dickinson, Oxford, UK). Fluorescein isothio-
cyanate conjugated mouse IgGl and phyco-
erythrin conjugated mouse IgG2a (Becton
Dickinson, Oxford, UK) monoclonal antibodies
were used as controls.

0 To 100 p1 aliquots of whole blood (or mono-
nuclear cell suspension), were added 10 tl of
fluorescein isothiocyanate conjugated or phyco-
erythrin conjugated monoclonal antibody, or
both. After a 30 minute incubation at 4°C, the
samples were washed with 2 ml phosphate
buffered saline for three minutes at 400 g, before
lysis of erythrocytes (whole blood samples only -
whole blood lysing reagent, Coulter Immuno-
logy, Hialeah, FL, USA). The samples were
then washed twice as above and fixed in phos-
phate buffered saline containing 1% paraformal-
dehyde. All of the stained preparations were
protected from light and stored at 4°C until
analysis by flow cytometry.

FLOW CYTOMETRY
Flow cytometric analyses were performed on an
EPICS V instrument (Coulter Electronics Inc,
Hialeah, Florida) equipped with an argon laser
emitting 300 mW at 488 nm. The instrument
was calibrated using Immuno-Check alignment

., fluorospheres (Coulter Corporation, Hialeah,
Florida), before each series of analyses. Mono-
cytes were identified on the basis of forward and
90° light scatter signals (Fig IA) confirmed by
Leu M3 staining (Fig 1B). HLA-DR (or DQ)
expression was measured only on cells that
contained positive for Leu M3. For each assay,
1000 monocytes were analysed and single para-
meter 256 channel log integral green histograms
collected. After subtraction of background stain-

250 ing from control samples, the percentage of total
sample monocytes (Leu M3-staining cells) that
expressed HLA-DR (or DQ), as well as the

cein median channel fluorescent intensity (mcf: a
measure ofantigen density), was determined (Fig 2).
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Positive Negative
Cooke-Prior index

Figure 3: Stratification ofdisease activity in inflammatory
bowel disease patients using Cooke-Prior scores. CRP=C
reactive protein; a GP=acid glycoprotein; ESR=erythrocyte
sedimentation rate; PV=plasma viscosity;
HB=Harvey-Bradshaw.

BIOCHEMICAL INDICES OF DISEASE ACTIVITY
Serum a 1-acid glycoprotein concentration
(normal range 0.33-088 g/l) was determined by
rate nephelometry (Beckman-Array analyser);
serum C reactive protein concentration (normal
<6 mg/i) by precipitin quantitation (Technicon
500, Technicon Instruments Corp, New York,
USA); plasma viscosity (normal range 1-65-1-75
centiPoise) by a capillary method (Coulter
Viscometer II, Coulter Electronics Ltd, Luton,
UK); serum albumin concentration (normal
range 30-45 g/l) by an automated method using
bromocresol green; and erythrocyte sedimenta-
tion rate (mm in first hour) by the standard
Westergren method within one hour of
collection under identical conditions by one
investigator.

INDICES OF DISEASE ACTIVITY
In this study, disease activity was assessed using
the Harvey-Bradshaw simple index,'3 and the
laboratory index ofCooke and Prior.'4

TABLE I HLA-DR andDQ antigen expression by peripheral blood monocytes in whole blood
and after monocyte separation

HLA-DR HLA-DQ

% mcf % mcf

Whole blood 700(-8 7) 38-2(1-6) 4 0(1-3) 25 0(1-1)
Mononuclear preparation 873 (3-9) 47-4 (4.2) 104 (3.8) 256 (0.8)
Significance p=0067 p=0022* p=0004* p=0-617

Data expressed as mean (SEM) (n=5 healthy volunteers); mcf=median channel fluorescence;
significance * as shown using paired t test on log10 transformed data.

TABLE II HLA-DR andDQ antigen expression by peripheral blood monocytes in ulcerative
colitis (UC) and Crohn's disease (CD)

HLA-DR HLA-DQ

Median Median
channel channel

n % fluorescence % fluorescence

UC 1 1 65.5 (6.3) 43-4 (2.6) 8-3 (1.8) 30.4(1-3)
CD 7 72-3 (5.4) 47-4 (5.9) 12-1(3.6) 31-4(2.5)
Controls 15 73-4 (4.0) 42-3 (1-4) 7-6(1-4) 29-7 (1-2)

Data expressed as mean (SEM); significance: no significant difference between groups for HLA-DR
or DQ % or mcf (analysis of variance).

OUTCOME
Patients were classified into two groups accord-
ing to outcome at six months after study: (a)
those whose disease was in remission (asympto-
matic) or under control (receiving acetylsalicylic
acid or steroids, or both); and (b) those having
had surgical excision of diseased intestine.

CALCULATIONS
Results are express'ed as percentage of total Leu
M3 staining monocytes that expressed HLA-DR
or DQ and as median channel fluorescence
(mcf). Results are displayed as mean (SEM)
values. Data analysis was performed on a
Macintosh LC personal computer using
Student's t test, analysis of variance (ANOVA)
and Mann-Whitney U test (Statworks). Prob-
abilities less than 0.05 were considered
significant.

Results

DISEASE ACTIVITY
Patients with active disease (negative Cooke-
Prior score) had significant increases in Harvey-
Bradshaw index, erythrocyte sedimentation
rate, and serum concentrations of C reactive
protein and a1 acid glycoprotein and significantly
lower serum albumin concentrations than those
with inactive disease (Fig 3).

MONOCYTE CLASS II EXPRESSION IN WHOLE BLOOD
AND AFTER MONONUCLEAR SEPARATION IN
HEALTHY VOLUNTEERS
The preparation of a mononuclear cell suspen-
sion resulted in a significant increase in the
fluorescent intensity (mcf) of monocyte
HLA-DR expression and in the percentage of
monocytes expressing the HLA-DQ antigen,
compared with whole blood samples (Table I). It
was concluded that mononuclear cell separation
in itselfwas causing an upregulation in monocyte
class II expression, and therefore the whole
blood method was chosen for use in the
remainder of the studies as a more accurate
measure of in vivo class II expression.

MONOCYTE CLASS II EXPRESSION IN PATIENTS
WITH INFLAMMATORY BOWEL DISEASE
There were no significant differences in total
or differential white cell counts between IBD
patients and healthy volunteers (% monocytes:
IBD 5.5 (1.0); volunteers 7.9 (2.2); Mann-
Whitney). There were no significant differences
in the monocyte expression ofHLA-DR and DQ
antigens between patients with ulcerative colitis,
those with Crohn's disease, and healthy volun-
teers (Table II). Patients with active ulcerative
colitis had significantly decreased percentage
expression of HLA-DR antigens by peripheral
blood monocytes compared with patients with
inactive ulcerative colitis, active Crohn's disease
or with healthy volunteers (Table III). The
percentage expression of HLA-DR antigens by
peripheral blood monocytes from patients with
ulcerative colitis showed a significant positive
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TABLE iII HLA-DR andDQ antigen expression by peripheral blood monocytes in active and
inactive inflammatory bowel disease

HLA-DR HLA-DQ

Median Median
channel channel

n % fluorescence % fluorescence

Active UC 5 49-5 (5-6)*t 40 0 (3 9) 5-5 (2 0) 31-2 (2-4)
Inactive UC 6 78-9 (6 9) 46-3 (3 2) 10-7 (2 6) 29-7 (1-5)
Active CD 6 75-2 (5 4) 49-3 (6 7) 13 2 (4-0) 31-8 (2 9)
Inactive CD 1 55-2 36 5-4 29
Controls 15 73-4(4 0) 42-3(1-4) 7-6(1-4) 29-7(1-2)

Data expressed as mean (SEM); significance: HLA-DR% p=0-019; HLA-DR mcf p=0 347,
HLA-DQ% p=0-267, HLA-DQ mcf p=0-885 (analysis of variance); HLA-DR%: control v inactive
UC p=0-681; control v active UC p=0 006t, control v active CD p=0 809; inactive UC v active UC
p=O-Ol*; active UC v active CD p= 0-01* (Student's t test). Abbreviations as in Table II.

correlation with their Cooke-Prior scores
(Fig 4).

RELATION BETWEEN MONOCYTE CLASS II
EXPRESSION AND TREATMENT IN PATIENTS
WITH IBD
Eight patients had intestinal resection within six
months of initial assessment (Table IV). Two of
these resections were semi-elective being per-
formed for longterm ill health; the remainder
were urgent or emergency operations. In these
patients, the percentages of peripheral blood
monocytes displaying HLA-DR and DQ posi-
tivity were signiicantly lower than the values
recorded for patients who received medical treat-
ment alone (n= 10) (Fig 5). There was also a
significant reduction in fluorescent intensity of
HLA-DR expression by monocytes in patients
who subsequently had surgery for their disease.

Discussion
The macrophage is considered to be the main
cell responsible for the presentation of foreign
antigens to lymphocytes.'5 Snyder and Unanue'6
have shown a very good correlation between
levels of expression of immune associated
(Ia) antigens (the murine equivalent to HLA-D
antigens) by murine macrophages and the
capacity to present antigens to lymphocytes. In
addition, antibodies to Ia antigens have been
shown to inhibit antigen presentation by murine
macrophages.'7 In humans, immune associated
antigen expression (HLA-DR) is also required
for the presentation of foreign antigen.'8 The
determination ofmonocyte HLA-DR expression
may therefore provide a measure of the body's
ability to mount an adequate immune response
to invading micro-organisms. 19
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Monocyte surface antigens are not stable and
different methods of monocyte separation have
been found to cause disparate changes in mono-
cyte size and surface antigen expression. 0 Smith
and Ault2' have reported an increase in the
expression of class II antigens on the surface of
human monocytes over the first few hours after
their isolation from whole blood and that this
increase requires both metabolic energy and
protein synthesis. Appel et al22 have also reported
that cell separation causes a physiological
increase in monocyte HLA-DR expression. This
study showed an up regulation in the intensity of
monocyte expression of HLA-DR and percent-
age of monocytes expressing HLA-DQ after cell
separation. The assay of HLA-DR and DQ
expression in whole blood by dual colour
immunofluorescence staining, therefore, per-
mits a more accurate assessment of in vivo
monocyte class II expression.

Using the whole blood dual colour immuno-
fluorescent labelling technique, 73-4 (4 0) % of
monocytes in the healthy volunteers were found
to express HLA-DR and 7-6 (1 4) % expressed
HLA-DQ. This is in keeping with the studies of
Hersham et al,'023 which have reported that
70-100% of peripheral blood monocytes express
HLA-DR in a control population.

Patients who had received corticosteroid or
other immunosuppressant treatment were
excluded from this study, as in vitro studies
have shown corticosteroid induced inhibition of
murine macrophage MHC antigen expression
and antigen presentation.'6 Patients who had
recently had surgery were also excluded as early
depression of monocyte class II antigen expres-
sion has been reported after elective abdominal
surgery.24 This study has shown that as a group,
patients with IBD did not have significantly
different percentage or intensity of expression of
HLA-DR or DQ antigens by their peripheral
blood monocytes from healthy controls.

In this study, the Cooke-Prior index success-
fully identified active and inactive groups
(significantly different acute phase response and
Harvey-Bradshaw clinical indices). The percent-
age of peripheral blood monocytes displaying
HLA-DR positivity was significantly lower in
patients with active ulcerative colitis (49-5
(5-6) %) than in those with inactive disease
(78-9 (6-9) %). In addition, HLA-DR expression
was found to be negatively correlated with
disease activity (using the Cooke-Prior index)
in patients with ulcerative colitis. Reduced
expression of HLA-DR by peripheral blood
monocytes has also been reported in patients
with major sepsis, postoperative infection, and
major trauma.22 24 In addition, an association
between decreased monocyte HLA-DR expres-
sion and active disease has been described in
systemic lupus erythematosus, tuberculosis, and
Hodgkin's disease.25"27

In patients ultimately requiring surgical resec-
tion of diseased bowel, the percentage of mono-
cytes displaying HLA-DR and DQ positivity on
initial assessment was significantly reduced
compared with that of patients responding to
medical treatment. The ability of peripheral
blood monocytes to express the HLA-DR
has been shown to be predictive of patient

Cooke-Prior index
Figure 4: Relation between HLA-DR positivity and
Cooke-Prior score in ulcerative colitis. rs=0-66; p=0-026
Spearmnan rank test.
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Outcome in postoperative sepsis and after major
injury.9 1023

Various explanations have been put forward to
explain the decreased monocyte expression of
HLA-DR in other diseases: lower plasma con-
centrations of, or impaired monocyte suscepti-
bility to circulating interferon y28; blockage of
surface antigens by autoantibodies causing an
apparent reduction in HLA-DR molecules29;
internalisation of HLA-DR antigen24; monocyte
dysfunction with reduced synthesis of
HLA-DR25; consumption of HLA-DR positive
monocytes in the periphery25; or influx of
immature cells that are low HLA-DR expressors
into the peripheral blood.24 In addition, there is
evidence that mediators such as prostaglandins,
glucocorticoids, endotoxin, and interferons a
and ,B can down regulate monocyte Ia antigen
expression. 32

In patients with IBD, the decreased monocyte
HLA-DR expression seen may be a result of a
loss of circulating DR positive monocytes into
the gut (wall or lumen) or an increased monocyte
turnover.33 Macrophages comprise about 10%
of the mononuclear cell population of human
intestinal mucosa. Most of these cells are
recruited from blood monocytes, with a
negligible contribution from macrophage prolif-
eration.34 HLA-DR positive, macrophage like

TABLE IV Surgical outcomes

Surgery
Indices

When? HLA
What? (days) Why? C-P H-B DR %

1 CD Left hemicolectomy 52 Failed medical -14-1 8 57 0
treatment

2 CD Right hemicolectomy+ 2 Tender abdominal -25 8 9 64-3
drainage of abscess mass

3 CD Total abdominal 5 Toxic megacolon -26-7 17 70 4
colectomy

4 UC Proctocolectomy 14 Failed medical -12-3 8 51-6
treatment

5 UC Total abdominal 62 Failed medical -9-2 13 36-2
colectomy treatment

6 UC Restorative 13 Chronic ill health -0-8 10 47-0
proctocolectomy

7 UC Total abdominal 31 Toxic megacolon -11-6 9 43-2
colectomy

8 UC Total abdominal 84 Chronic ill health 11-2 2 45-7
colectomy

Where: H-B=Harvey-Bradshaw scores; C-P=Cooke-Prior scores. Abbreviations in Table II.

cells have been identified within the lamina
propria of the small and large intestine.35
Thyberg et al have reported an increase in the
number ofmacrophages in the intestinal mucosa
of patients with Crohn's disease.36
The significance ofdecreased peripheral blood

monocyte HLA-DR expression in IBD patients
is not known, but could imply an impaired
ability to eliminate foreign antigen, which may
permit systemic endotoxaemia and bacteraemia,
and lead to disease relapse. An alternative
explanation is that class II expression is simply a
marker of the severity of the inflammatory
response. Further information may be obtained
in these patients by serial measurement ofmono-
cyte HLA-DR expression as has been found of
value in trauma patients.23
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