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Abstract

Background—We sought to determine the quantitative expression of human leukocyte antigen—
DR (HLA-DR) on monocytes in patients with acute intestinal bacterial infections and
inflammatory bowel disease (IBD).

Methods—The quantitative expression of HLA-DR on monocytes was determined by
fluorescence-activated cell sorting analysis in patients with IBD, patients with acute intestinal
bacterial infections (bact.), and healthy subjects (contr.).

Results—The quantitative expression of HLA-DR in patients with bact. (n = 20; 90,000
molecules per monocyte; confidence interval [CI], 79,000-102,000) was significantly higher than
that in patients with ulcerative colitis (n = 40, 30,000; CI, 30,000-38,000; P < 0.0001), Crohn
disease (n = 80, 31,000; Cl, 32,000-39,000; P < 0.0001), or in contr. (n = 28, 39,000; CI, 36,000—-
46,000; P < 0.0001). In patients with ulcerative colitis and Crohn disease, HLA-DR expression
was significantly decreased, as compared with contr. (P < 0.05 and P < 0.01, respectively). With a
cutoff point of 50,000, HLA-DR showed a sensitivity of 95% and a specificity of 92% in
discriminating between bact. and active IBD.

Conclusion—The quantitative measurement of HLA-DR expression could serve as a valuable
tool to discriminate between bact. and active IBD.
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INTRODUCTION

The diagnostic approach to differentiate among patients with diarrheal diseases is a major
challenge in clinical practice. As symptoms are often unspecific, differential diagnosis
encompasses consideration of a wide range of possible causes, including intestinal infections
and chronic inflammatory conditions, such as inflammatory bowel disease (IBD). From a
clinician’s standpoint, it is crucial to rapidly distinguish bacterial infections from acute flares
of IBD, because patients often present seriously ill, and divergent modalities of treatment are
required. Although acute flares of IBD are treated with steroids or tumor necrosis factor a
(TNF-a) antagonists, such treatment strategies could be detrimental in patients with
intestinal infections as septic complications could occur.

In industrialized regions of the world, bacterial infections account for about one third of all
cases of diarrhea. In approximately 15% of these cases, Campylobacter, Salmonella, and
Shigella are the underlying pathogens (1). Available laboratory markers such as white blood
cell counts, C-reactive protein (CRP), and the stool marker calprotectin are rather unspecific.
Serum procalcitonin has been shown to be elevated in self-limited colitis, but not in IBD (2).
Therefore, the diagnosis of IBD requires endoscopic, histologic, and radiologic tests. Stool
cultures are regarded as the criterion standard for the diagnosis of intestinal bacterial
infections. However, a turnaround time of up to 72 h limits its utility for rapid decision-
making purposes. Therefore, further biomarkers suitable for accurate diagnosis of intestinal
infections with short turnaround times are needed.

Human leukocyte antigen—-DR (HLA-DR) is a crucial molecule in antigen presentation. Its
upregulation by monocytes enables these cells to increase antigen presentation that supports
the clearance of pathogens. Expression of HLA-DR on monocytes has therefore been
considered as a marker of immune competency of the host, and a decrease in the expression
of HLA-DR has been observed not only in critically ill patients (3-5), but also in patients
with autoimmune diseases such as systemic lupus erythematosus (6, 7) or rheumatoid
arthritis (8). In patients with rheumatoid arthritis, a decrease in the expression of HLA-DR is
associated with an aggressive course of the disease (9). Interestingly, decreased HLA-DR
expression on peripheral blood monocytes was also observed in patients with active
ulcerative colitis (UC) (10-12).

A number of bacterial compounds have been shown to upregulate HLA-DR expression.
Among these compounds are bacterial proteins such as Salmonella typhimurium endotoxin-
associated protein (13), Leptospira interrogans glycoprotein (14), bacterial cell wall
compounds including lipopolysaccharides (15), peptidoglycan, and lipoteichoic acid (16), as
well as bacterial DNA (17). Furthermore, inflammatory cytokines including interferon vy
(IFN-v) (18, 19), interleukin 2 (IL-2) (20), IL-4, and granulocyte-macrophage colony-
stimulating factor have been shown to upregulate HLA-DR (21). Increased release of IFN-y
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is stimulated by various enteric pathogens including Salmonella, Campylobacter (22),
Shigella (23), and Clostridium difficile (24).

In the current study, we tested the hypothesis that quantitative measurements of HLA-DR
expression on monocytes would allow to discriminate between patients with bacterial
intestinal infections and patients with IBD. Using receiver operating characteristic (ROC)
curve analysis, we aimed to determine cutoff values that discriminate between these
conditions.

Patients and blood collection

The study was approved by the local ethics committee (Hietzing Hospital). VVenous blood
samples were drawn from patients with IBD in the acute phase or in remission. The
diagnosis of IBD was established according to clinical, endoscopic, histologic, and
radiologic criteria (25, 26). The clinical activity of disease was determined using the Crohn
Disease Activity Index (CDAI) and the Colitis Activity Index (CAIl). Acute disease was
defined as CDAI greater than 150 or CAl greater than 4. The diagnosis of intestinal bacterial
infection was based on positive stool cultures. Blood samples were obtained within 48 h
after the onset of symptoms was reported. Blood samples were kept at 4°C and stained for
flow cytometric analysis of HLA-DR expression within 4 h except for experiments
addressing the stability of HLA-DR expression under prolonged storage conditions.

Monoclonal antibodies

For quantitative measurements of HLA-DR expression, we used a phycoerythrin-labeled
mouse anti-human HLA-DR antibodies (clone L243 from BD Biosciences, San Jose, Calif).
Monocytes were labeled with peridinin-chlorophyll-protein—-labeled mouse anti-human
CD14 antibodies (clone M®P9; BD Biosciences) and Cy5.5 cyanine dye-labeled anti-CD64
antibodies (BD Biosciences).

Flow cytometry

The expression of HLA-DR was measured by flow cytometry using a FACSCalibur
instrument (BD Biosciences). Monocytes were gated according to their distribution in
forward- and side-scatter plots and based on the staining characteristics described above. To
determine the number of HLA-DR molecules per monocyte, a Quantibrite phycoerythrin
fluorescence quantitation kit (BD Biosciences) was used according to the manufacturer’s
instructions. Enumeration of HLA-DR molecules per cell was conducted with QuantCALC
software (BD Biosciences), which allows conversion of fluorescence readings to HLA-DR
molecules per cell.

Statistical analysis

If not otherwise stated, data are presented as medians and lower/upper 95% confidence
intervals (Cls). Data were tested for normality using the Kolmogorov-Smirnov test. The
Student t and the Mann-Whitney U tests were used for single comparisons, and the Kruskal-
Wallis analysis of variance with Bonferroni posttest was used for multiple comparisons. The
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associations between clinical (CDAI, CAl) or biochemical (CRP) activity parameters and
HLA-DR expression were assessed with Spearman correlation coefficient. To detect
diagnostic cutoff values of HLA-DR expression, ROC curves were estimated using a logistic
regression model and plotting sensitivity versus 1-specificity. The comparison of the ROC
curves was done by a nonparametric approach. Calculations were performed with SAS
software (SAS Institute, Cary, NC) and Prism 5 for Mac OS X (GraphPad Software, Inc, La
Jolla, Calif).

Patient characteristics

A total of 29 healthy controls and 140 patients with confirmed Crohn disease (CD; n = 80),
UC (n = 40), or bacterial infections (bact.; n = 20) were enrolled. Of the bact. patients, stool
cultures were positive for Campylobacter (n = 11), Salmonella (n = 8), or Shigella (n = 1).
More detailed patient characteristics are given in Tables 1 and 2.

Quantitative HLA-DR expression

Human leukocyte antigen—DR expression on the cell surface of monocytes was significantly
higher in patients with bacterial intestinal infections (median, 90,000; CI, 79,000-102,000
HLA-DR molecules per monocyte) than in healthy controls (contr.: median, 39,000; Cl,
36,000-46,000; P < 0.0001) or in patients with IBD with UC (median, 30,000; ClI, 30,000—
38,000; P < 0.0001) or CD (median, 31,000; Cl, 32,000-39,000; P < 0.0001; Fig. 1). In
patients with IBD, HLA-DR expression was lower than that in healthy controls (UC vs.
contr.: P <0.05; CD vs. contr.: P < 0.01). The comparison of HLA-DR expression in
patients with CD and UC revealed no statistically significant difference between these two
patient populations (P > 0.85).

When comparing patients with active (n = 39; median, 28,000; CI, 27,000-36,000) versus
inactive IBD (n = 81; median, 31,000; Cl, 33,000-40,000), we observed a tendency of lower
HLA-DR expression in patients with active disease; this difference, however, failed the
statistical significance test (P > 0.055).

Previous studies investigating HLA-DR expression in IBD patients used median channel
fluorescence (MCF) values as readout. For comparison, we expressed our results in MCF
values. In patients with bacterial intestinal infections, MCF values were significantly higher
(median, 2,100; ClI, 1,100-2,600) than those in healthy controls (contr.: median 800; CI,
700-1,100; P < 0.005) and in patients with IBD (UC: median, 600; CI, 500-700; P =
0.0005; CD: median 500; CI, 500-600; P < 0.0001). In patients with IBD, we found that
MCF values were significantly lower than those in healthy controls (UC: P <0.01; CD: P <
0.005).

Correlation of quantitative HLA-DR expression with clinical disease activity scores

Whereas CRP levels showed a positive correlation with disease activity of both diseases
(CAI: r=0.58, P=0.002; CDAI: r =0.65, P <0.0001; Fig. 2A&B), HLA-DR expression
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levels showed a significant negative correlation with CAI (r = -0.33, P < 0.05) but no clear
correlation with CDAI (r = -0.12, P = 0.28; Fig. 2, C and D).

Analysis of subgroups

To account for possible effects of therapeutic interventions on HLA-DR expression, we
analyzed HLA-DR expression levels in patient subgroups stratified according to the
medications these patients received (Fig. 3). The expression of HLA-DR in the group of
IBD patients who received immunomodulating drugs (IBDi; n = 57) such as steroids,
azathioprine, methotrexate, or TNF-a antagonists (median, 29,000; CI, 30,000-38,000) did
not differ from that in patients who did not receive such treatments (IBDn, n = 63; median,
32,000; CI, 32,000-40,000; P > 0.225). Furthermore, in both patient populations, HLA-DR
expression was significantly lower than that in healthy controls (contr. vs. IBDi: P < 0.01;
contr. vs. IBDn: P < 0.05) and in patients with bacterial infections (bact. vs. IBDi: P <
0.0001; bact. vs. IBDn: P <0.0001).

ROC curve analysis

In patients with bacterial intestinal infections, HLA-DR expression was significantly higher
than that in patients with active IBD (active UC: median, 26,000; CI, 21,000-40,000; P <
0.0001; active CD: median, 30,000; CI, 26,000-38,000; P < 0.0001). Receiver operating
characteristic curves yielded an HLA-DR expression cutoff value of 50,000, which allows
discrimination between bacterial infections and active IBD with a sensitivity of 95% and a
specificity of 92%. C-reactive protein measurements yielded a cutoff level of 6.07 which
indicates a comparatively low sensitivity and specificity (82% and 71%, respectively). The
ROC curves are shown in Figure 4. The difference between the ROC curves was highly
significant (P < 0.0036).

Stability of HLA-DR expression in blood samples

In the clinical routine, it may be necessary to keep blood samples stored for prolonged
periods until they can be processed for flow cytometric analysis, which may not be available
on an around-the-clock basis. Initial studies have shown that HLA-DR increases when blood
samples are kept at room temperature, possibly because of endogenous IFN-y production.
The stability of HLA-DR expression is thus a serious concern when using it as a readout
marker of disease. Therefore, we addressed the stability of this readout by measuring HLA-
DR expression in blood samples from consecutive, unselected outpatients. Blood samples
were kept at 4°C, and measurements of HLA-DR expression were performed immediately
after the blood draw and after storage in a refrigerator at 4°C to 6°C for 24 h (group A), 48 h
(group B), or 72 h (group C). In stored blood samples, no significant changes in HLA-DR
expression levels were observed compared with samples that were freshly processed after
blood collection and immediately subjected to flow cytometric analysis (Table 3).

DISCUSSION

This study is the first to demonstrate that HLA-DR expression is significantly increased in
the acute phase of intestinal bacterial infections. Our study indicates that in patients
presenting with acute diarrhea and HLA-DR expression of more than 50,000 molecules per
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monocyte, bacterial infection is more likely the cause than active IBD. Conversely, we were
able to show that HLA-DR is downregulated in patients with IBD and that low expression is
indicative of a diagnosis of IBD. Applying this dichotomous relationship to the clinical
setting could facilitate the differentiation between the two clinical conditions and aid the
diagnosis of acute diarrheal diseases.

The finding of HLA-DR downregulation in IBD seems somewhat surprising as IFN-v,
which is regarded as an important proinflammatory mediator in IBD (27, 28), is a potent
stimulator of HLA-DR expression. Thus, other cytokines capable of downregulating HLA-
DR such as IL-1 (29) and IL-10 (30) seem to override the stimulatory effect of IFN-v.
Another possible mechanism controlling the expression of HLA-DR on monocytes of IBD
patients could be repeated endotoxin exposure. Wolk et al. (31) have demonstrated that
initial exposition of monocytes to endotoxin (lipopolysaccharide) provokes a massive
proinflammatory response of these cells. However, repeated exposure to lipopolysaccharide
results in a state of endotoxin tolerance that is paralleled by a dramatic downregulation of
HLA-DR expression. In several studies, the incidence rate of endotoxinemia in IBD patients
has been reported to range from 17% to 38% in patients with UC and between 31% and 94%
in patients with CD, presumably because of increased intestinal permeability in these
patients (32, 33). Accordingly, in the study by Pastor Rojo et al. (33), it was shown that
serum lipoprotein-binding protein correlates with markers of clinical activity in patients with
active 1BD.

Greater than 90% of circulating monocytes are positive for CD14 and negative for CD16.
However, according to the findings of Ziegler-Heitbrock et al. (34), a subpopulation of
monocytes can be delineated that is positive for CD16 and considered “proinflammatory”
with increased production of inflammatory cytokines. In addition, these CD14*CD16*
monocytes show an increased HLA-DR expression, which is associated with heightened
capacity in antigen presentation. As shown by Blumenstein et al. (35), the CD14*CD16*
subpopulation expands after bacteremia. It is possible that the differences of monocytic
HLA-DR expression we have observed are due to changes in the numbers of CD14*/CD16*
monocytes. This seems, however, unlikely because CD14*/CD16™ monocytes are negative
for CD64 and were excluded from analysis because of the properties of the monocyte assay
kit we used. This kit consisted of antibodies that recognize CD14 and CD64 simultaneously,
and therefore our measurements were restricted to CD64* monocytes (ie, CD14*CD16~
monocytes). Nevertheless, understanding the response of CD14*/CD16* monocytes to
inflammatory intestinal diseases will certainly require further studies.

A drawback of our current study is that patients with an established diagnosis of IBD and
complicating bacterial superinfection were not investigated because of a low incidence of
such conditions in our study population. In the last decade, an alarming increase in bowel
disease associated with C. difficile has been observed. Patients with IBD experiencing
infections with C. difficile are particularly prone to develop serious complications, including
toxic megacolon, colonic perforation, sepsis, and death (36, 37). Further studies are
warranted to investigate the utility of HLA-DR expression measurements as diagnostic
markers of C. difficile infections.
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In contrast to a study by Gardiner et al. (10) that demonstrated a downregulation of HLA-
DR expression in patients with active UC, but not in patients with quiescent UC or CD, we
found downregulated HLA-DR expression in both conditions, irrespective of disease
activity. The reasons for these differences may be several-fold. First, the sample size in the
study by Gardiner et al. (10) was very small (11 patients with UC and seven patients with
CD), and particularly patients with CD were underrepresented. Second, patients aged up to
73 years were included in the study by Gardiner et al., but the age distribution within both
patient groups was not stated. Because HLA-DR expression is diminished in elderly subjects
(38), this could be another reason for the differences between our results. Third, HLA-DR
expression was not quantitatively analyzed in terms of molecules per cell in the study of
Gardiner et al, but by percentage of HLA-DR—positive monocytes and MCF. These
variables, however, are influenced by the instrument settings of the flow cytometer. We
believe that the quantitative approach we chose, using beads with defined amounts of
fluorochrome molecules to calibrate fluorescence reading, may be more accurate to avoid
possible interassay variances.

According to previous experimental studies with different cell lines or blood samples from
patients with malignancies, HLA-DR expression was not altered by steroids (29),
azathioprine, or TNF-a (39). Notably, regarding the effects of steroids on HLA-DR
expression, divergent results have been obtained by others (40, 41). In our study, HLA-DR
expression levels in the subgroups of patients who received immunosuppressive or steroid
treatments were not significantly different, as compared with patients who did not receive
such treatments. We therefore conclude that HLA-DR expression levels in IBD patients are
influenced primarily by inflammatory mechanisms rather than by the effects of anti-
inflammatory medications. This finding is important because it supports our conclusion that
HLA-DR expression can serve as a robust diagnostic clinical marker. To further validate this
concept, longitudinal studies in individual patients receiving different treatments will be
necessary.

A potential disadvantage of HLA-DR measurements as a diagnostic tool lies in the
instability of HLA-DR. After pre-analytical storage of blood for 2 h, HLA-DR expression
increases presumably because of endogenous IFN-y production. Docke et al. (42)
demonstrated that the stability of HLA-DR expression is preserved up to 24 h by storage at
4°C. However, the lowest interassay variance was obtained when processing of blood
samples was performed within 4 h after blood samples were drawn (42). Our experiments
showed that sample storage at 4°C provides sufficient stability of HLA-DR to allow storage
for up to 72 h, if necessary.

The kinetics of HLA-DR expression in the course of an acute inflammatory response needs
to be considered for data interpretation. In the present study, blood samples were collected
within 48 h after the onset of symptoms of acute diarrhea. We observed that HLA-DR
upregulation rapidly decreases after this time interval (data not shown). Therefore, the time
frame when HLA-DR expression can serve as a robust diagnostic marker for intestinal
bacterial infections may be limited to the first 48 h after the onset of symptoms.
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conclusion, we propose that the quantitative measurement of HLA-DR offers a novel

diagnostic tool in patients with diarrheal diseases, which is, however, restricted to larger
hospitals by the availability of flow cytometry. The prognostic impact of this biomarker
needs to be addressed in further studies.
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Fig. 1. Human leukocyte antigen-DR is highly upregulated in bacterial intestinal infections but

downregulated in patients with IBD

Quantitative HLA-DR expression on peripheral monocytes in healthy subjects (contr.) and
patients with UC, CD, and bacterial intestinal infections (bact.). The error bars show

medians with interquartile ranges.
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Fig. 2. Correlations between CRP or the quantitative expression of HLA-DR on monocytes and

clinical activity indices in patients with I1BD

A, Correlation between CRP and the CAl in patients with UC. B, Correlation between CRP
and the CDAI in patients with CD. C, Correlation between HLA-DR and CAll in patients
with UC. D, Correlation between HLA-DR and CDAI in patients with CD.
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Fig. 3. Expression of HLA-DR in patients with IBD is not influenced by medical treatment
Quantitative expression of HLA-DR in subgroups of patients with IBD: patients with

immunmodulatory treatment (ie, steroids, azathioprine, methotrexate, or TNF-a
antagonists), designated as IBDi, and patients without such treatments (IBDn). The error
bars show medians with interquartile ranges.
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Fig. 4. Human leukocyte antigen—DR discriminates between patients with active IBD and
patients with acute bacterial intestinal infections

Receiver operating characteristic curves for HLA-DR (dotted line) and CRP (solid line) are
shown.
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Table 1

Patient characteristics |

CD(n=80) UC (n=40)

Sex, male/female, n 44/36 22/18
Age, y 36.5(11.8)  43.6 (15.4)
CDAI 121 (106.4)

CAl 3(3.3)
Duration of disease, y 5.8 (7.0) 4.8 (4.5)

Behavior (CD), n (%)
Nonpenetrating, nonstricturating 42 (53)

Stricturating 12 (15)
Penetrating 26 (33)
Location (CD), n (%)
Terminal ileum 19 (24)
Colon 18 (23)
lleocolonic 33 (41)
Upper gastrointestinal tract 10 (13)
Location (UC), n (%)
Extensive colitis 28 (70)
Left-sided colitis 10 (25)
Proctitis 2 (5)
Concomitant medication, n (%)
Steroids 21 (26) 12 (30)
Azathioprine 13 (16) 9(23)
Methotrexate 1(1) 0 (0)
TNF-a antagonists 9 (11) 0 (0)

Data of age, CDAI, CAl, and duration of disease are given as mean (SD).
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