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a  b  s  t  r  a  c  t

B  lymphocytes  express  various  different  types  of surface  immunoglobulins  that  are  largely  unrelated  to
other hematological  lines,  although  some  reports  have  described  a relationship  between  malignant  B cells
and other  cells  such  as  macrophages.  Multiple  genes  of  hematopoietic  lineage,  including  transcription
factors,  are  co-expressed  in  hematopoietic  stem  cells  and progenitors,  a  phenomenon  referred  to  as
“lineage  priming”.  Changes  in the  expression  levels  and  timing  of  transcription  factors  can  induce  the
lineage  conversion  of  committed  cells,  which  indicates  that  the  regulation  of  transcription  factors  might
be  particularly  critical  for maintaining  hierarchical  hematopoietic  development.

The  aim  of  this  study  was  to evaluate  the  surface  markers  of particular  IgM-positive  and  irregularly
nucleated  cells  detected  in patients  with  inflammatory  bowel  disease  (IBD),  and  to  assess  their  association
with diagnosis  and  inflammatory  cell  recruitment.

Small  intestine,  colon  and  rectal  biopsy  specimens  of  96  IBD  patients  were  studied.  Immunoglobulin-
producing  cells  (IPCs)  were  analyzed  by  means  of immunofluorescence  using  polyclonal  rabbit
anti-human  Ig and goat  anti-human  IgM.  The  specimens  positive  for  B  cells  with  irregular  nuclei  were
assessed  using  monoclonal  antibodies  specific  for CD79,  and  �  and  �  chains  in order  to confirm  their
B  cell  nature.  CD15+  cells,  an  important  marker  of  inflammatory  cell  recruitment,  were  also  evaluated.
Statistical  correlations  were  sought  between  the  histological  findings  and  clinical  expression.

34 (35.4%)  of  the  96 patients  (64 with  ulcerative  colitis  and  32  with  Crohn’s  disease)  presented  a
periglandial  localization  of IPCs  with  irregular  nuclei,  which  showed  surface  markers  specific  for  the  B
cell subset,  such  as  IgM and  CD79,  but  quantitative  differences  in �  and  � chains.  These  specimens  also
contained  CD15-positive  cells,  which  are  usually  absent  in healthy  controls.  The  quantitative  aspects  and
localization  of the  CD15-positive  cells correlated  with  the  distribution  of  the IPCs  with  irregular  nuclei.

IPCs with  irregular  nuclei  were  significantly  more  frequent  in  those  patients  with  Crohn’s  disease  than
in those  with  ulcerative  colitis  (p <  0.001).

The  finding  of  a subpopulation  of  cells  that simultaneously  showed  irregular  nuclei  and  B cell  markers,
such  as  functional  surface  IgM,  in  patients  with  IBD  suggests  that  an  unusual  subgroup  of  B cells  that
correlates  with  CD15  expression  and  a diagnosis  of Crohn’s  disease  may  be  observed  in  the inflammatory
process.
Abbreviations: IBD, inflammatory bowel disease; IPC, immunoglobulin-
roducing cell; IFI, indirect immunofluorescence; mAb, murine monoclonal
ntibodies; DAB 3, 3′-diaminobenzidine tetrahydrochloride; HRS, Reed–Sternberg
ells; HL, Hodgkin lymphoma; HBV, Epstein–Barr virus; PC, phosphatidylcholine.
∗ Corresponding author at: Unità di Sierologia e Autoimmunità, Ospedale

atebenefratelli, Corso di Porta Nuova 23, 20133 Milano, Italy. Tel.: +39 02 63632576;
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Introduction

B lymphocytes generally all have the same microscopic appear-
ance [1] and express clonally diverse cell surface immunoglobulins.
B cells and other hematological lines are considered to be distantly
related. In the literature is documented a relationship between

malignant B cells and other cell types, such as macrophages, in
contrast to the current paradigms. This aspect, known as “lin-
eage infidelity”, “lineage promiscuity”, or “lineage switching”, has
not been investigated in depth because it has been attributed to
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ig. 1. Morphological appearance of IPCs on indirect immunofluorescence (magni-
cation 40×). These cells had a low cytoplasmic/nuclear ratio unlike conventional
lasma cells. There is a fluorescent cut into the nucleus.

ene expression as a result of malignancy [2].  Despite numerous
bservations of B cell to macrophage transition in CD5+ B cell lym-
homas, there is no previous data showing that normal B cells
ould acquire this phenotype in vitro nor is there any evidence
f B/monocytic cells in vivo. It has been found that monocytoid

 lymphocytes are also associated with acquired immune defi-
iency syndrome (AIDS), chronic lymphocytic leukemia, Sjögren’s
yndrome and Hodgkin’s disease [3].  Neoplastic Reed–Sternberg
ells (HRS) have a monoclonal B cell nature, and single-cell analy-
es indicate a B lymphocyte origin based on the demonstration of
lonal Ig gene rearrangements [4]. HRS cells attract various types
f immune-system cells into lymphoma tissue, which leads to a
ypically inflammatory microenvironment [5].

However, a number of laboratories have demonstrated that,
fter co-culture with normal splenic fibroblasts or a fibroblast-
onditioned medium, a subset of normal mouse splenic B
ymphocytes become B/macrophage cells [6].  Moreover, Borrello
2,7] argues for the existence of normal biphenotypical cells with
D5+ B lymphocyte and macrophage characteristics, as has been
emonstrated in mice. He considers normal B/macrophage cell
unction in an evolutionary context in which a primitive, flexible
ell type may  play a dual role in adaptive and innate immunity.
-1b cells can also undergo differentiation and acquire a mononu-
lear phagocyte phenotype upon attachment to substrate in vitro
2]. Re-cultivated floating B-1b cells adhere to plastic and differen-
iate into bipolar mononuclear cells and, during this differentiation,
hey spontaneously express both myeloid and lymphoid restricted
ranscription factors.

We have recently investigated the localization of
mmunoglobulin-producing cells (IPCs) in inflamed intestinal
issue samples from 96 patients with inflammatory bowel dis-
ase (IBD: 64 with ulcerative colitis [UC] and 32 with Crohn’s
isease (CD), and have found two different patterns of B

ymphocyte infiltrates: One (42.7% of the cases) was charac-
erized by the strong-to-moderate stromal localization of small
gM+/CD79+/CD20−/CD21−/CD23−/CD5± IPCs (Figs. 1 and 2)
esembling B1 B cells; the other (57.3%) had no such detectable
PCs in stromal or epithelial tissues. The IPCs were significantly
ess frequent in patients with CD than in those with UC (p = 0.004)

8].

For the purposes of this study, we selected 34 tissue samples that
howed IPCs with irregular nuclei in order to evaluate the surface
arkers of the particular IgM-positive and irregularly nucleated
Fig. 2. Massive IPC invasion of intestinal tissue (magnification 20×). In some biop-
sies,  the presence of B-1 like cells was so important that the structure of intestinal
tissue was unrecognizable.

cells observed in patients with IBD, and their association with
inflammatory cell recruitment.

Materials and methods

Patients

Small intestinal, colonic and rectal tissue samples were obtained
from 96 patients undergoing complete colonoscopy at Fatebene-
fratelli Hospital in Milan, Italy. These biopsy specimens were taken
from inflamed mucosa, and for each biopsy three sections were
analyzed. Informed consent was  obtained from all of the patients
before the procedure. In each case, the diagnosis was confirmed by
means of standard endoscopic and histological criteria (the addi-
tional hematoxylin and eosin staining of each sample). Clinical data
were obtained from patients’ clinical records. Control specimens
were also taken from ten patients (30 sections) with normal endo-
scopic findings and no macroscopic evidence of inflammatory or
neoplastic disease. The biopsies were selected in such a way as to
obtain information from all parts of the intestinal tract.

Immunofluorescence analysis

After deparaffinization (72 ◦C) and pre-treatment to enhance
antigenicity (95 ◦C × 36 min), we  used indirect immunofluores-
cence (IFI) to detect the distribution of the tissue expression of
immunoglobulins in intestinal sections (3 �m)  that had been then
incubated for 30 min  with horse serum at room temperature in
order to prevent non-specific binding. After removing the blocking
solution, the sections were incubated with a polyclonal rabbit anti-
human Ig (Santa Cruz Biotechnology, Santa Cruz, CA, USA) or a goat
anti-human IgM (� chain specific, Vector Laboratories, Burlingame,
CA, USA). While being protected from direct light at 37 ◦C for 1 h,
the samples were washed four times for 5 min  in PBS High Salt
(4 M,  home made) and mounted. Images of each sample were taken
from four randomly chosen fields (Euroimmun, Lubeck, Germany)
at magnifications of 40× and 20×.

Immunoperoxidase analysis
Murine monoclonal antibodies (mAbs) against CD79, CD15, �
and � chains were purchased from Medical Systems (Tucson, AZ,
USA) and optimally diluted for use with Ventana detection kits and
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Table 1
Demographic and clinical characteristics of the patients in the study.

Ulcerative colitis Crohn’s disease

Patients 64 32
Sex-ratio M/F 32/32 21/11
Age at diagnosis (mean, range) 44.2 ± 14.2 47.2 ± 16.6
Free  of therapy at diagnosis 18 (28.1%) 16 (50.0%)
Surgical therapy 3 (4.7%) 10 (32.3%)
Disease severity

Inactive 27 (42.2%) 11 (34.4%)
Mild 19 (29.7%) 15 (46.9%)
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Treatment did not influence the expression of different type
of cells (Table 3) as CD79+/CD20−/CD21−/CD23−/CD5± IPC were
observed with similar frequency in both treated and untreated
Moderate 14 (21.9%) 2 (6.3%)
Severe 4 (6.3%) 4 (12.5%)

utomated slide stainers (Medical Systems) before being applied to
ormalin-fixed, paraffin-embedded tissue. Biotinylated secondary
ntibodies were then added, followed by streptavidin–horseradish
eroxidase conjugate. Each step in the staining protocol included

ncubation for a precise time at a specific temperature, after which
he sections were rinsed by the Ventana automated slide stainer to
top the reaction and remove any unbound material that would hin-
er the desired reaction in subsequent steps. A coverslip solution
as used in the slide stainer in order to minimize the evaporation

f the aqueous reagents from the specimen-containing slide. The
omplex was then visualized using a hydrogen peroxide substrate
nd 3,3′-diaminobenzidine tetrahydrochloride (DAB) chromogen.

linical score

The patients were diagnosed as having CD or UC by means of
tandard criteria (i.e., endoscopy, histology, barium contrast enema,
r other recognized criteria). Disease activity was  defined on the
asis of the Crohn’s Disease Activity Index (CDAI) and biological
arkers of inflammation; in the case of UC, we  used the Disease
ctivity Index (DAI)) validated by the St Mark’s Hospital school

8–10].

tatistical analysis

The continuous variables were recorded as mean values and
tandard deviations and were compared using an unpaired Stu-
ent’s t-test. The categorical variables were recorded as absolute
nd relative frequencies and compared using the Chi-squared test.
he data were analyzed using the Statistical Package for Social Sci-
nces (SPSS 13.0; SPSS Inc., Chicago, IL, USA). All of the tests were
wo-sided and p values of <0.05 were considered statistically sig-
ificant.

esults

tudy population

The study population consisted of 96 patients (64 with UC and
2 with CD), the majority of whom were males. Their demographic
nd clinical characteristics are shown in Table 1.

FI analysis distinguishes IPCs with irregular nuclei

The analysis of IPCs in the biopsy specimens allowed the identi-
cation of cells with irregular nuclei (Figs. 3 and 4) which, as they
ere not detected in ten sections of normal intestinal tissue, do not

eem to form part of the physiological intestinal cell population.

hey were characteristically distributed in the periglandial zone,
ad a sporadic distribution and never contributed to massive tissue

nfiltrates. These cells were found in 34 patients (35.4%). We  also
bserved small subepithelial IPCs, characterized by a large central
Fig. 3. IPC cells with irregular nuclei on intestinal tissue (magnification 40×). These
cells had a periglandial distribution and were characterized by the positivity of the
chain � on immunofluorescence in spite of the irregular aspect of their nucleus.

nucleus, distributed within the glands of 41 other IBD patients.
These small IPCs, which were surface IgM positive, were set against
IPCs with irregular nuclei because they were monomorphic, and
often massively infiltrated inflamed tissues. Morphologically, they
had a low cytoplasmic/nuclear ratio, unlike conventional plasma
cells, and they were also present as discrete foci on ten sections
of normal intestinal tissue, thereby seemingly contributing to the
physiological intestinal cell population.

B cell surface phenotype analysis of inflammatory infiltrates
identifies a distinct CD79+/�/� chain+ subset of IPCs

The B cell-specific surface molecules IgM and CD79 were exam-
ined in the 34 samples showing an infiltrate of IPCs with irregular
nuclei, all of which were positive for CD79 and �/� chains. These
data were confirmed by immunofluorescence and showed that sur-
face Ig expression can be used as a marker to characterize B cells.
Surprisingly, � chains were more represented than � chains.

The finding of IPCs within the intestinal specimens was  statisti-
cally associated with a diagnosis of CD (p < 0.001) (Table 2).
Fig. 4. IPC cells with irregular nuclei (detail). The unusual morphology of these B
cells  depends, in particular, on the aspect of their nucleus.
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Table  2
The finding of IPCs within the intestinal specimens and association with a diagnosis
of  CD.

B cells Crohn’s disease
(n = 32)

Ulcerative colitis
(n = 64)

p

B-1 cells like 7 (21.9%) 34 (54.1%)
<0.001Irregular nuclei cells 21 (65.6%) 13 (20.3%)

Other morphologies 4 (12.5%) 17 (26.6%)

Table 3
Association between treatment and the expression of different type of cells.

B-1 cells like Therapy Therapy free p
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Fig. 6. CD15-positive cells within the interstitium of intestinal tissue. In a subgroup
of  patients negative for IPCs with irregular nuclei, CD15 positive inflammatory cells
All patients 29/62 (46.8%) 12/34 (35.3%) 0.3
RU 4/16 (25.0%) 4/12 (18.8%) 0.7
CD 26/46 (56.5%) 8/18 (44.4%) 0.4

atients, and there was no significant difference between the IBD
ubgroups (Table 3).

D15+ cell distribution

To evaluate the distribution of inflammation in patients with
PCs irregular nuclei, the 96 IBD patients in the study and the 10
ealthy samples were tested for CD15+ cells. All of the healthy
amples were negative, but all of the 34 IBD samples containing
gM+ ICPs with irregular nuclei showed a substantial infiltration of
D15+ cells, mainly in the periglandial zone (Fig. 5). In the remain-

ng 62 samples, the distribution of the CD15 marker CD15 was
ariable without a well-defined correlation with the morphology
nd number of IPCs. In particular, some of the samples showed a
onsiderable interstitial infiltration of CD15+ cells, with or without
eriglandial involvement (Fig. 6). The remaining samples were neg-
tive for CD15+ cells in both the interstitium and the periglandial
one, but expressed CD15+ in the crypts of the intestinal epithelium
Fig. 7)

iscussion

In this study, we identified IgM+ IPCs with irregular nuclei in

ntestinal tissue specimens taken from 34 patients with IBD, but
n none of the samples taken from healthy subjects. The cells
xpressed B cell surface markers (CD79 and IgM), but showed
uantitative differences in �/� chains. They had a periglandial

ig. 5. CD15-positive cells within the periglandial zone of intestinal tissue. In 34
atients, those cells that were CD15 positive had the same distribution as the B cells
ith irregular nuclei found on imnunofluorescence.
were present not only in the periglandial area but also in the circostante interstitium,
and these were sometimes associated with necrosis due to enzymes released by
granulocytes.

distribution. The same periglandial distribution also involved
CD15 immunoperoxidase-positive cells, the neutrophil and/or lym-
phocyte/monocyte origin of which is difficult to define. These
histological data are significantly associated with a diagnosis of CD.

Evaluation of the 62 patients negative for IgM+ ICPs with irregu-
lar nuclei revealed a different topographic distribution of the CD15
marker; it was found either only in the crypts of the intestinal
epithelium [9] or in both the periglandial zone and the interstitium,
and was sometimes associated with necrosis caused by enzymes
generated by granulocytes.

CD15 recognizes the sugar moiety, lacto-N-fucopentaose, which
is linked to cell membrane protein in various cells, but not normal B
cells. The flow cytometric detection of the CD15 antigen is a marker
of granulocytes, macrophages and activated T cells [10], and the
antigen is also found in 37–100% of Hodgkin/Reed–Sternberg cells
(which are ICPs), and the malignant cells of Hodgkin lymphoma
(HL).
The intestinal inflammatory process is characterized by the
up-regulation of E-selectin and the recruitment of CD15+ cells.
In patients with UC, CD15 expression detected by means of

Fig. 7. CD15-positive cells in the crypts of the intestinal epithelium. On re-imaging,
patients’ CD15 was  not observed in the inflamed areas but rather in the normal
histological component of the instestinal mucosa.
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mmunoperoxidase correlates with histological scores, endoscopic
everity and clinical activity. But no direct correlation with the
ffector cell subtype in gut mucosal inflammation has been demon-
trated [11]. There are usually abundant, unique glycan structures
n normal descending colon mucin. The functional implication of
his variation is that different mucins may  be recognized by dif-
erent carbohydrate-binding proteins, such as bacterial adhesins
nd endogenous lectins (e.g. CD15), and may  therefore play differ-
nt specific roles in host–pathogen interactions, inflammation and
ancer [12].

The limited distribution of CD15+ cells in the periglandial zone
f the tissue samples with the same IgM+ IPCs with irregular nuclei
uggests that the cells detected by immunofluorescence play a role
n inflammation by recruiting CD15+ cells or by expressing CD15
hemselves. However, Takei [13] found that anti-Leu M1  (anti-
D15) antibody reacted against the surface antigen of a defined
onoclonal B cell line (TKS-1) in the peripheral blood of patients
ith rheumatoid arthritis (RA), and that these cells produced IgM in

he culture supernatant and had kappa light chain rearrangements
n their DNA. They were also positive for Epstein–Barr nuclear
ntigen. Moreover, two EBV-positive B lymphoblastoid cell lines
stablished using co-cultivated CD34+ cells isolated from the bone
arrow of patients with RA and peripheral blood B lymphocytes

rom a healthy EBV-seronegative individual also expressed CD15
14], thus indicating that EBV-infected B lymphoblastoid cells from
atients with RA tend to acquire properties similar to those of HL
ells [14].

The presence of IgM+ B cells with irregular nuclei in the periglan-
ial zone also suggests that the factors involved in cell recruitment
re closely related to the characteristics of glandular cells. We  esti-
ate that these factors may  be a result of lipid membrane changes.

he production of IgM against the common membrane phospho-
ipid, phosphatidylcholine (PC), is an important characteristic of
eritoneal B1 cells [15]. These signify a sister B cell population that
as the plasticity necessary to acquire the lymphocyte/monocyte
haracteristics typical of the IgM+ B cells with irregular nuclei
escribed in this paper. A number of studies have investigated the
ole of PC in gastrointestinal damage and chronic inflammatory
onditions such as UC: mucus from UC patients has a decreased PC
ontent, and clinical trials have shown that the therapeutic addition
f PC to the colonic mucus alleviates inflammatory activity [16].

The findings of this study indicate that B cells can show “lineage

romiscuity” in inflammatory disease and that such cells correlate
ith the localization of CD15+ cells and a diagnosis of CD. In con-

lusion, these cells may  play an intermediary role between innate
mmunity and adaptive immunity.

[
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