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Abstract
Liver granuloma are recognized as specific histological features in primary biliary cirrhosis but
their significance remains enigmatic. Similarly, there are limited data on the impact of hyper-IgM
on granulomas while in both cases a role of B cells has been hypothesized. The present study
investigates a significant number of tissue samples from PBC and control livers as well as other
granulomatous diseases to investigate the representation of dendritic cells and the role of IgM in
PBC-associated granulomas. We demonstrate that the classical cellular marker for dendritc cells
CD11c is highly expressed in hepatic granulomas from PBC liver samples, along with markers of
immature dendritic cells, i.e. CD11b, low MHC II, IL-23 and CCR7 and CD83 expression, and
C1q high expression. PBC patients with granulomas had significantly higher serum IgM levels
and PBC granulomas were surrounded by B and plasma cells. Using ad in vitro approach we
further demonstrate that IgM inhibits LPS-induced maturation of myeloid dendritic cells, as well
as LPS-induced activation of NF-κB and the expression of proinflammatory cytokines such as
TNF-α, IL-12, and IFN-β. In conclusion, we propose that immature dendritic cells are key factors
in liver granulomas and that the commonly observed hyper-IgM may contribute to their
appearance in patients with PBC.

Introduction
Primary biliary cirrhosis (PBC) is a chronic cholestatic liver disease characterized by
immune mediated destruction of cholangiocytes lining the interlobular bile ducts [1]. The
classic presentation of patients with PBC is a persistent elevation of cholestatic serum liver
tests and confirmed either with a positive serum antimitochondrial antibody (AMA) or a
liver biopsy demonstrating non-suppurative cholangitis [2]. Most patients with PBC have
high levels of polyclonal serum IgM which are secondary to memory B cell activation [3]
but the pathogenic significance remains to be determined. When histology is performed,
PBC includes a portal tract inflammatory infiltrate composed of plasma cells, mononuclear
cells, and polymorphonuclear cells[4]. It is also not uncommon to observe noncaseating
epithelioid granulomas, particularly in early-stage disease [5].
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Granulomas reflect a localized inflammatory reaction to foreign material (e.g.,
microorganisms, parasites) characterized by the nodular appearance of epithelioid cells
(commonly representing activated macrophages) surrounded by lymphocytes. There is very
limited data on the mechanisms of granuloma formation in PBC. It is believed that
granulomas are formed under the influence of antigenic stimulation to a variety of
professional antigen presenting cells and including such antigenic presentation to T cells [6].
Interestingly, in PBC epithelioid granulomas include the expression of CD1d [7] and often
the presence of Propionibacterium acnes [8].

To extend our understanding of the immunopathology of granulomas in PBC, we have
performed an extensive immunohistochemical analysis of a large series of patients with
PBC, autoimmune hepatitis and chronic hepatitis B. In addition, as further controls, tissues
from patients with granulomas from either sarcoidosis, granulomatous gastritis, infection
and Crohn's disease, were studied. We report herein a role for not only immature dendritic
cells, but also IgM in the onset and perpetuation of granulomas.

Materials and Methods
Subjects

Liver tissues were obtained from 51 patients with PBC, 37 patients with autoimmune
hepatitis (AIH) [9] and 30 patients with chronic hepatitis B (CHB). In all cases, the
diagnosis was confirmed by internationally accepted criteria and confirmed by histology. All
tissues were obtained from excess material from liver biopsies. Essentially, the liver biopies
were fixed in 10% neutral buffered formalin, embedded in paraffin, and 4 µm thick sections
were cut from each paraffin block. Slides were stained with hematoxylin-eosin, and the
inflammatory degree and fibrotic stages determined according to the Scheuer score system.
The liver biopsy staging of PBC was based on Ludwig’s criteria [10]. As additional controls,
we included gastric granulomas (n=2; this included one patient with sarcoidosis and one
with granulomatous gastritis). We also included granulomas found in skin (n=2) and
granulomas secondary to tuberculosis (n=5; one each for esophagus, colon, and synovium,
and two from skin). Finally, intestinal granulomas from eight patients with Crohn's disease
were also included (n=8). All participants gave written informed consent for the study that
was approved by the Ethics Committee of Renji Hospital, Shanghai Jiao Tong University.

Immunohistochemistry
Formalin-fixed, paraffin-embedded liver tissues were stained using antibodies for CD11c,
CD11b, class II MHC, CD83, CCR7, C1q, IL-23p19 (all from Abcam, Cambridge, United
Kingdom), PU.1 (Santa Cruz Biotechnology, Santa Cruz, CA), CD68, CD19 (Gene Tech,
Shanghai, China), CD163 (Leica, Wetzlar, Germany); IgM (DAKO, Glostrup, Denmark).
Briefly, slides were incubated with 3%H2O2 for 10min, then washed in phosphate buffer
saline (PBS). After antigen retrieval, sections were incubated with 10% non-immune goat
serum for 30 min and then incubated with primary antibodies overnight at 4°C. After rinsing
with phosphate saline (PBS), sections were incubated with an HRP-conjugated secondy
antibody (Changdao, Shanghai, China) for 30 min at room temperature, then stained with
3,3’-diaminobenzidine (DAB, Maixin-Bio, Guangzhou, China). Hematoxylin was applied
for nuclear staining. Five fields were randomly selected for observation in every sample, the
area of CD11c, CD19, IgM deposition was scored on a 0–4 point scale.

Immunohistochemistry double staining and confocal microscopy
Double immunohistochemical staining was performed using the DouSP™ kit (Maixin-Bio).
Confocal laser scanning microscopy using Leica TCS SP5II (Wetzlar, Germany) was used
for costaining detection of two primary antibodies among CD11c and MHC II, or CD11c
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and CD68 which were incubated together for 60min at 37°C. After washing 3 times with
PBS for 5min, samples were incubated with different fluorochrome-conjugated secondary
antibodies (1:500, Jackson ImmunoResearch, USA) separately for 30min at 37°C. The
nucleus was stained by DAPI (Cell Signaling Technology, Boston, USA).

Murine dendritic cell culture
Bone marrow-derived DC were generated as described with some modifications [11, 12].
Briefly, bone marrow progenitors were obtained from femurs/tibias of 6–8-week-old
C57BL/6 mice and cultured in a 100 mm Petri dishes (Corning, NY, USA) in RPMI1640
containing recombinant mouse GM-CSF (10ng/ml) and IL-4 (10ng/ml) (R&D Systems,
Minneapolis, MN). On day 3 and 5, nonadherent cells were gently washed out and then
collected and cultured at a density of 1×106 cells/ml in new 60 mm Petri dishes. On day 7,
nonadherent cells were recovered and used as immature dendritic cells (iDCs), 90% of
which showed the surface phenotype and morphology of iDCs. Maturation of iDCs was
induced with LPS (1ug/ml, Sigma, St. Louis, MO) for another 48 hours. For stimulation
studies, replicate cultures were challenged with 20µg/ml IgM (Rockland, code
010-0107,USA).

Phagocytosis assay
Isolated thymocytes were labeled with CFSE (Molecular Probes; Invitrogen, USA), using a
modified manufacturer’s protocol at a final concentration of 5µM. Subsequently, thymocytes
were induced to undergo apoptosis by incubation with etoposide (Sigma) at 10µM in
RPMI1640 for 15–18h. Apoptosis was confirmed based on annexin V staining by flow
cytometry (Calibur, Becton Dickinson) with >90% annexin V+. To analysis DC endocytosis,
equal numbers of DCs and ACs (each at 5 × 10 5) were incubated at 37°C for 2h. Cells were
washed and stained with PE-cy7-anti-CD11c antibody, then analyzed with flow cytometry.

DC phenotyping
For flow cytometry purposes, DC were pretreated with IgM (20 µg/ml) for 1 hour, then
stimulated with LPS (1µg/ml) for another 48 hours. To assess DC phenotype, cells were co-
stained with PE-Cy7-anti-CD11C, FITC-anti-MHC-II, PE-anti-CD80, APC-anti-CD86 (BD
Pharmingen, San Diego, CA) and then analyzed with flow cytometry using Cell Quest
software (BD Pharmingen).

For RT-PCR cytokine expression DC were pretreated with IgM (20 µg/ml) for 1 hour, then
using LPS stimulated for 6 hours. Total RNA were extracted using Trizol reagent
(Invitrogen,USA) according to the manufacturer’s instructions. After quantification, 1µg
RNA was reverse transcribed into cDNA, the amplification of cDNA was performed using
SYBR Premix Ex Taq TM (Takara, Shiga, Japan). The primers sequence for IL-12P40,
IL-6, IL-23p19, TNF-α, IFN-β, C1q and β-actin was described in the Table 1. For each
sample, mRNA expression level was normalized to the level of β-actin housekeeping genes
using the ΔΔCt algorithm.

Prior to Western blotting, DC were pretreated with IgM (20 µg/ml) for an hour, then total
protein was extracted from DCs after stimulation with LPS (1µg/ml) for 30 min. Cells were
lysed in RIPA Lysis Buffer (Beyotime, Jiangsu, China) containing 1 mM Protease Inhibitor
Cocktail and Phosphatase Inhibitor Cocktail (Kangchen Biotech, Shanghai, China). Total
proteins were separated on Ready Gels (Bio-Rad, Hercules, CA) and electrotransferred to
pure nitrocellulose membranes (0.45 µm, Bio-Rad). Immunoblots were reacted with primary
antibodies to phosphorylated or total ERK1/2, p38, JNK, IKBα, IRF3 (Cell Signaling
Technology, Boston, MA), followed by detection with horseradish peroxidase (HRP)-
conjugated secondary antibodies (MR Biotech, Shanghai, China) and visualization with the
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Pierce ECL Plus Western Blotting Substrate (Thermo Scientific, Canada).We utilized α-
Tubulin expression as loading control.

Statistical analysis
All continuous variables are expressed as mean ± standard deviation (SD). Correlations were
determined using the Spearman’s correlation coefficient. Group means were compared by t-
test or Mann-whitney U. Analyses were two-tailed and performed using SPSS 16.0 (SPSS,
Chicago, IL); P values < 0.05 were considered statistically significant.

Results
Prevalence and clinical significance of granulomas in PBC

PBC granulomas were typically located within portal tracts (Fig. 1B), usually surrounding or
near to, damaged bile ducts (Fig. 1B). PBC livers manifested a significantly stronger portal
tract staining for CD11c compared to AIH (p<0.05) and CHB (p<0.01) controls (Figure 1A)
and CD11c staining was more sensitive compared to HE for the detection of granulomas
(Figure 1B) with 29/51 (57%) and 8/51 (16%) of PBC cases presenting granulomas with
either staining method, respectively. Each PBC slide had a median of 2 granulomas (ranging
between 0 and 8). Occasionally, small granulomas were also observed in the hepatic lobules
or in proximity of the portal tract germinal centers in a minority of PBC cases (Figure 1C).
No granuloma was observed in the AIH or CHB liver slides.

When patients were subdivided according to the presence of granulomas (Table 2), we
observed significantly higher levels of serum IgM and lower bile acids in the 29 patients
with this histological finding; moreover, these patients had significantly earlier histological
stages.

Immature DC in granulomas
As mentioned, PBC granulomas had significant expression of CD11c and this was observed
also in other control granulomas from other tissues (Supplemental Figure 1), Beside CD11c
strong positivity, PBC granulomas were investigated for additional markers of DC, their
maturity and of macrophages. First, PBC granulomas manifested other DC markers as
represented by the positivity of CD11b, the nuclear transcription factor for both
conventional and plasmacytoid DC development PU.1 [13], MHC-II, with the latter
colocalizing with CD11c at confocal imaging (Figure 2). Second, granulomas were positive
for C1q but not for IL-23, CD83, or CCR7 (Figure 2), supporting the DC immature features.
Third, when stained with antibodies against CD68 and CD163, both classical cellular
markers of macrophages, we observednumerous positive cells among the epithelial cells of
PBC granulomas (Figure 3A) while confocal imaging demonstrated no overlapping with
CD11c positive cells (Figure 3B).

B cells and IgM mechanisms
PBC liver slides demonstrated numerous CD19-positive cells (i.e. B cells) and IgM-positive
cells (i.e. plasma cells) around and within hepatic granulomas (Figure 4A), in close
proximity to CD11c-positive cells at confocal imaging (Figure 4B). Cells demonstrating
positive CD19 and IgM expression were significantly more represented in PBC compared to
CHB but similar to AIH (Figure 4A).

Our subsequent experiments on murine cells were designed to investigate the open issues of
B cells and IgM in DC biology. IgM significantly inhibited the expression of MHC-II, CD80
and CD86 in LPS-induced mature DC (Figure 5) but not on immature DC. Western blot
analysis showed that LPS induced the phosphorylation of 3 MAPK pathways (e.g. ERK,
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JNK and p38 MAPK), IRF3 and IκB-α [14], while IgM decreased LPS induced activation
of IκB-α but not of MAPK and IRF3 pathways (Figure 6). Finally, IgM enhanced the
phagocytosis of apoptotic thymocytosis by immature DC (Figure 6) as demonstrated by the
significant decrease in the expression of proinflammatory cytokines such as TNF-α, IL-12
and IFN-β in LPS-treated DC.

Discussion
Two major unanswered questions remain in the pathogenesis of PBC: i.e. the presence of
non-caseating granulomas in the liver and the frequenly elevated polyclonal serum IgM. We
herein report for the first time that (i) the DC marker CD11c is a sensitive tool to identify
liver granulomas in PBC, (ii) epithelioid cells share features of immature DC, (iii) B and
plasma cells infiltrate such granulomas, and (iv) IgM inhibit LPS-induced maturation of
myeloid dendritic cells. Take altogether, the data suggest that DC and IgM are crucial
players in the formation and perpetuation of liver granulomas. Of major importance, the
present study was performed on a large number of liver samples from PBC cases and
different types of granulomatous and chronic liver disease controls and was complemented
with data from an in vitro study on murine cells.

In general terms, granulomas are circumscribed and organized tissue structures characterized
by a central accumulation of mononuclear cells, primarily activated macrophages, with a
surrounding rim consisting of lymphocytes and fibroblasts. The reported prevalence of
granulomas in unselected liver biopsy samples is approximately 4% [6] The formation of
liver granulomas is usually in response to antigenic stimulation [15] triggered by
noninfectious immunologic insults, infections, foreign body reactions, drugs, and tumors
[16]. In a complementary fashion, PBC is commonly associated with the presence of
granulomas [17, 18][19]. Nevertheless, there is limited knowledge on the mechanisms
linking PBC with granulomas, similar to the largely unexplained serum hyper-IgM that
accompanies the disease [3, 20]. Our study provides new intriguing insights into the
mechanisms leading to granulomas in PBC and the putative role of the elevated IgM levels.
One hint was provided by the observation that PBC cases in which granulomas were found
had lower serum bile acids levels and were more likely at earlier disease stages, thus
suggesting that the formation of granulomas may be an adaptive reaction to the chronic bile
duct injury, and may be effectively reducing the inflammatory process. Nevertheless, the
obvious objection that granulomas may disappear due to the onset of cirrhosis cannot be
overlooked.

First, we report that staining with the DC marker CD11c is more powerful than HE to detect
granulomas, and may be useful in routine evaluations. DC are a complex lineage of APC
that orchestrate a variety of immune responses [21]; in particular, immature DC are very
efficient at capturing and processing antigen, while fully mature DC are equipped to display
these antigens on their surface via major MHC molecules and thus deliver signals to T cells
[22]. The role of DC had been previously reported in other granulomatous diseases. A
unique CD11c+ DC-like cell subset with phenotypic features of immature myeloid DC was
recently described in intestinal granulomas; these cells express macrophage markers,
produce IL-23, and induce granulomas under a Th1-predominant intestinal inflammatory
condition [23]. Similarly, a CD11c-positive inflammatory DC subset was found in
granulomas induced by Mycobacteria bovis in a murine model. with lower expression of
MHC II and co-stimulatory molecules CD40, CD80 and CD86, and higher expression of
inhibitory molecules PD-L1 and PD-L2 [24]. Similarly, we demonstrated that PBC
granulomas include CD11chighCD11bmoderate cells with low expression of MHC-II, IL-23,
CD83, and CCR7, to suggest that DC are immature and tolerogenic. This may well be in
agreement with the proposed protective effect suggested by the less advanced disease stages
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of PBC when granulomas are present. Further, immature DC with tolerogenic properties
produce C1q [25] and we observed that high levels of C1q produced by immature bone-
marrow derived DC were downregulated by LPS-induced maturation [26] while granulomas
were strongly C1q-positive.

Second, we investigated the putative role of IgM in the proposed scenario, based on the
commonly increased serum levels in PBC [27] secondary to B1 cell production [28] and
their prominent role in the maintenance of immune tolerance and in clearance of cell debris
[29]. Similarly, B cells and plasma cells may play a critical role in the immune-mediated
injury of intrahepatic bile ducts [30] although B cell depletion exacerbated cholangitis in a
murine PBC model [31] and data were conflicting in small clinical trials [32]. We
demonstrated that IgM inhibit the process of DC maturation and increase the phagocytosis
of cells undergoing apoptosis, a key phenomenon in PBC etiopathogenesis [33–35]. Further,
the uptake of apoptotic DC converts immature viable DC into tolerogenic dendritic cells
resistant to LPS-induced maturation [36]. Finally, IgM also inhibit the LPS-induced
activation of NF-κB and the expression of proinflammatory cytokines such as TNF-α, IL-12
and IFN-β. Ultimately, we may surmise that B cells play an immune regulatory role in the
PBC liver through regulating the maturation of DC through IgM secretion.

In summary, we provide histological evidence that immature DC are important to the
mechanisms leading to granuloma formation in the PBC liver. Further, our data suggest that
IgM may be the link for B cells to modulate this process. We are particularly intrigued by
these observation which may hold a promising potential to new therapeutic approaches and
we warrant that further studies may continue this effort to address the role of female sex [37,
38], past infectious agents [39–41], or new molecular mediators such as microRNA [42] in
the pathogenesis of PBC granulomas.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Panel A: CD11c immunostain clearly define hepatic granulomas in PBC patients. (A)
Representative immunohistochemical staining for CD11c in liver sections from PBC (n=51),
AIH (n=37) and CHB (n= 30) (magnification 400×). Five fields were randomly selected and
the area of CD11c deposition scored on a 0-4 scale to be compared between PBC, AIH and
CHB patients (*p<0.05, ** p<0.01). Panel B: Representative hematoxylin-eosin staining and
CD11c immunostaining of hepatic granulomas in portal tracts illustrating the vicinity with
injured bile ducts (magnification 400×). Panel C: Representative CD11c immunostaining of
small granulomas in hepatic lobules (Left) (magnification 400×), which in some cases are
located in the vicinity of the portal tracts germinal center (Right) (magnification 200×).
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Figure 2.
Immature dendritic cell properties in PBC granulomas. Representative
immunohistochemical staining for CD11b, PU.1, MHC II, C1q and IL-23 expression
(magnification 400×). Confocal staining and imaging were performed for CD11c and MHC-
II.
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Figure 3.
Presence of macrophages in PBC granulomas. Panel A: Representative
immunohistochemical staining for CD68, CD163, as classical cellular markers of
macrophages (magnification 400×). Panel B: Confocal staining analysis of CD11c and
CD68 (magnification 400×).
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Figure 4.
Presence of B cells and IgM in PBC granulomas. Panel A: Representative
immunohistochemical staining for CD19 (magnification 400×) and IgM (magnification
400×) in liver samples from PBC (n=51), AIH (n=37) and CHB (n=30). Five fields were
randomly selected for observation in every sample and CD19 and IgM-positive areas scored
on a 0-4 point scale for comparison between diseases (** p<0.01, respectively). Panel B:
double immunohistochemical staining performed for CD11c (Red) and IgM (Black). Panel
C: CD19 and IgM scores in the portal tracts were compared between granuloma positive
(n=29) and granuloma negative (n=22) patients with PBC (* p<0.05).

You et al. Page 12

J Autoimmun. Author manuscript; available in PMC 2013 January 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 5.
IgM inhibition of the maturation of bone marrow-derived DC. Myeloid DC were pretreated
with IgM (20 µg/ml) for an hour, then stimulated with LPS (1µg/ml) for 48 hours. Flow
cytometry ananlysis was performed to observe the expression of MHC II, CD80 and CD86
in immature (left) and mature (Right) myeloid DC treated with (Blue) or without (Red) IgM
(* p<0.05).
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Figure 6.
IgM inhibition of DC phagocytosis. Panel A: myeloid DC were pretreated with IgM (20 µg/
ml) then incubated with apoptotic cells (CSFE stained). The percentages of CD11c and
CSFE double positive cells were compared between groups treated with or without IgM (*
p<0.05). Panel B: DC were pretreated with IgM (20 µg/ml) for 1 hour, then using LPS
stimulated for 6 hours. RT-PCR was used to analyze the expression of IL-12p40, IL-6,
IL-23p19, TNF-α, IFN-β, C1q, and β-actin (* p<0.05). Panel C: DC were pretreated with
IgM (20 µg/ml) for an hour, then total protein was extracted from DCs after stimulated with
LPS (1µg/ml) for 30 min. Immunoblots were performed with primary antibodies against
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phosphorylated or total ERK1/2, JNK p38, IKB-α, IRF3. α-Tubulin expression was
determined as the loading control.
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Table 1

The primers sequences used for the RT-PCR expression of DC-related genes.

Gene Forward primer Reverse primer

IL-12P40 GGAAGCACGGCAGCAGAATA AACTTGAGGGAGAAGTAGGAAT

IL-23P19 TGCTGGATTGCAGAGCAGTAA ATGCAGAGATTCCGAGAGA

IL-6 GTTCTCTGGGAAATCGTGGA CTCTGAAGGACTCTGGCTTTG

C1q CCAACGCGAACGAGAACTAT GTGGTCACCTGGAAGGTGTT

TNF-α ACGTGGAACTGGCAGAAGAG CTCCTCCACTTGGTGGTTTG

IFN-β CTCCAGCTCCAAGAAAGGACG GAAGTTTCTGGTAAGTCTTCG

β-actin CTAAGGCCAACCGTGAAAAG GGTACGACCAGAGGCATACA
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Table 2

Clinical and biochemical features of patients with PBC according to the presence of granulomas with CD11c
staining. Variables are expressed as mean±SD (median, range). Not significant, NS.

With granulomas (n=29) Without granulomas (n=22) P value

Female sex 28/1 21/1 NS

Age 51.3±9.1(53, 34–70) 51.9±12.1(52, 29–85) NS

ALT 88.4±48.8(79, 24–250) 108.4±85.1(81.2, 19–348) NS

AST 75.2±39.5(68, 30–215) 95±61.6(79, 20–266) NS

ALP 333±282(228.5,77–1377) 275±184.2(243, 67–847) NS

GGT 324.6±199.9(305, 27–739) 426.9±503.4(230.5, 24–1654) NS

TBil 23.4±13.2(20, 9.9–72.7) 43.2±40.5(24.2, 3.4–139.3) NS

DBil 8.8±8.0(6.3, 1.5–39.3) 23.7±25.7(9.4, 1.1–79.2) NS

Bile acids 28.09±31.48(11.1,2.1–109.7) 90.4±97.2(29.75, 3.7–291.7) 0.023

IgG 16.4±3.8(15.7, 9.4–29.2) 17.3±5.5(16.9, 9.3–31.1) NS

IgM 4.7±2.8(4.18, 1.48–13.5) 3.0±1.1(2.72, 1.0–5.11) 0.045

IgA 2.8±1.0(2.88, 0.74–4.77) 3.4±1.7(2.52, 1.78–8.74) NS

Stage 2.1±1.14(2, 0–4) 2.86±1.36(3, 0–4) 0.021
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