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First Description of NOD2 Variant Associated with Defective
Neutrophil Responses in a Woman with Granulomatous
Mastitis Related to Corynebacteria”

Béatrice Bercot,' Caroline Kannengiesser,” Claire Oudin,” Bernard Grandchamp,?
Marie-José Sanson-le Pors,' Stéphane Mouly,”f and Carole Elbim*{*

AP-HP, Université Paris 7-Denis Diderot, Centre Hospitalier Universitaire Lariboisiere-Fernand Widal, Service de Bactériologie-Virologie,
Paris 10, France'; AP-HP, Centre Hospitalier Universitaire Xavier Bichat, Service d’ Immunologie et d’Hématologie et Service de
Biochimie Hormonale et Génétique, CIB Phenogen, Paris F-75018, France?; and AP-HP, Université Paris 7-Denis Diderot,
Centre Hospitalier Universitaire Lariboisiere-Fernand Widal, Service de Médecine Interne, Group Hospitalier,

Paris 10, France®

Received 19 March 2009/Returned for modification 20 May 2009/Accepted 10 June 2009

We report the first case of granulomatous mastitis due to Corynebacterium kroppenstedtii linked to strongly
impaired neutrophil responses to Nod2 agonist and a single nucleotide polymorphism within the NOD2 gene
(SNP13 [Leul007fsinsC]) in a heterozygous state. These findings provided the first demonstration of impaired
Nod2 function associated with corynebacterial infection.

CASE REPORT

The patient, a 41-year-old Caucasian woman, presented in
2006 with a single inflammation mass of the breast. Her med-
ical history was unremarkable. Histological findings from per-
cutaneous drainage of the breast abscess evidenced noncase-
ating granulomatous inflammation (Fig. 1), establishing the
diagnosis of granulomatous mastitis (GM) (13, 15), a rare
nonmalignant inflammatory breast lesion. Microscopic exami-
nation after Gram, Ziehl-Neelsen, periodic acid-Schiff, and
Grocott staining were negative. Two pus samples from the
breast abscess taken 12 days apart were sent to the Department
of Microbiology at Lariboisiere Hospital. The cultures re-
mained negative for mycobacteria but evidenced a Corynebac-
terium sp. both on aerobic Columbia sheep blood agar and in
BacTAlert culture bottles within 2 days. The cells were gram-
positive, non-spore-forming, and nonmotile, and the colonies
were nonpigmented, small, smooth, convex, and nonhemolytic
on blood agar. The API Coryne System v3.0 (bioMerieux)
showed a doubtful profile of Propionibacterium acnes (API
code number 5620344). Finally, using the forward primer A2
(5’AGAGTTTGATCATGGCTCAG) and the reverse primer
S15 (5'GGGCGGTGTGTACAAGGCC), a large region
(1,285 bp) of the rrs gene coding for 16S rRNA was amplified
by PCR and sequenced. Therefore, genetic methods identified
up to 99% identity with Corynebacterium kroppenstedtii
VA1719_2000 and BKS5689 2003 (GenBank accession nos.
AYS524774 and AY524774). Antimicrobial susceptibility of the
Corynebacterium kroppenstendtii strains was determined by disk
diffusion method on Mueller-Hinton agar supplemented with
5% sheep blood, indicating a high susceptibility to most of the
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tested antibiotics, especially to B-lactams. Treatment required
multiple incision and drainage procedures associated with a
long course of amoxicillin (amoxicilline) (3 g/day) for 1 year,
leading to complete recovery. Two years later, she was admit-
ted for typical bacterial pneumonia in the left lower lobe as-
sociated with minor pleural effusion. Laboratory data included
a white blood cell count of 17,400/pl, with 90.4% neutrophils,
9% lymphocytes, and 0.3% eosinophils. Bacteriological inves-
tigations including blood cultures remained negative. Due to
the lack of bacterial isolation, oral amoxicillin-clavulanic acid
(1 g three times daily) was administered and led to complete
recovery.

Further immunological explorations were performed to un-
derstand this reinfection. Standard immunological studies gave
normal results (for lymphocyte subsets and complement sys-
tem) except for hypogammaglobulinemia (4.3 g/liter; normal
range, 6.2 to 15 g/liter) associated with low immunoglobulin G
(IgG) serum level (3.53 g/liter; normal range, 6.59 to 12.23 g/liter),
while IgA and IgM were within normal limits. No monoclonal
antibody peak was identified. Standard polymorphonuclear
neutrophil (PMN) functional testing evidenced normal PMN
migration (tested using the under-agarose method) and nor-
mal PMN chemiluminescence, ruling out leukocyte adhesion
deficiency and chronic granulomatous disease, respectively.

We thus studied PMN responses elicited by Toll-like recep-
tors (TLRs) and Nod stimulation as previously described (7) by
analyzing the B2-integrin CD11b/CD18, which plays a major
role in the high-affinity phase of the interaction between PMNs
and endothelial cells and reactive oxygen species (ROS) pro-
duction under priming conditions, the latter being critical for
bacterial killing. In our patient, tumor necrosis factor (TNF)
(used as a positive control), TLR agonists, and Nod1 agonist
induced increases in CD11b expression at the PMN surface
that were similar to those of the controls. In contrast, after
treating our patient’s sample with Nod2 agonist (muramyl
dipeptide [MDP]), no significant increase in CD11b expression
was observed (Fig. 2A). Similarly, pretreatment of whole blood
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FIG. 1. Histopathology sections revealed noncaseating inflammation with a major presence of neutrophils (hematoxylin and eosin stain;

original magnification, X100).

with TLR agonists or Nod1 agonist and with TNF followed by
stimulation with N-formyl-methionyl-leucyl-phenylalanyl (fMLP),
a structural analog of bacterial metabolic products, strongly
increased the production of ROS (Fig. 2B). In contrast, incu-
bation of whole blood with MDP did not stimulate ROS pro-
duction by PMNs from the patient.

These data suggest that the Nod2-dependent activity of
PMNs is severely altered in the patient. Therefore, genetic
analysis of the NOD2 gene (data available upon request) from
the patient was performed after written informed consent
was obtained. We found a single nucleotide polymorphism
(SNP) in the coding region of the NOD2 gene (SNP13
Leul007fsinsC) in an heterozygous state, which is one of
the three major polymorphisms genetically associated with
Crohn’s disease (5). We studied the cDNA associated with the
NOD?2 gene, and we also found that LeulO07fs was in an
heterozygous state, ruling out the hypothesis of specific expres-
sion of the mutated allele.

Corynebacterium species have been detected in various hab-
itats, including soils, food, animals, and humans. The applica-
tion of chemotaxonomic methods and molecular biology-based
approaches, especially 16S TRNA gene sequencing, has re-
sulted in a much-improved taxonomy of the genus Corynebac-
terium. The genus currently comprises over 70 recognized spe-
cies, many of which have been described during the last
decade; most of the newly described Corynebacterium species
have been isolated from clinical human or animal sources.
Some species of the genus Corynebacterium belong to normal

flora, while other species were isolated from specific cutaneous
lesions (4). Recently, it has been suggested that GM can be
associated with a corynebacterial infection, particularly C.
kroppenstedtii (15). GM is a nonmalignant breast disease mim-
icking breast cancer and therefore is frequently mistaken with
malignancy or tuberculosis and classified on the basis of his-
tological criteria as granulomatous lobulitis of “uncertain eti-
ology.” As Corynebacterium species are found in normal flora,
they are usually considered contaminants from skin by micro-
biologists, and surgical resection often remains the only treat-
ment option. C. kroppenstedtii, first isolated from a sputum
sample from a patient in Sweden in 1998, is a lipophilic extra-
cellular species whose growth depends on the supplementation
of synthetic media with appropriate lipids (14). This novel
species show a similarity ranging from 91.1% to 93.6% within
the genus Corynebacterium based on the 16S rRNA sequence
(3). Considering its characteristics related to the lack of my-
colic acids and the presence of only one gene encoding a
virulence factor (neuraminidase gene), this bacteria seems to
be nonvirulent. However, the ability of C. kroppenstedtii to
grow in fat globules obviously links its lipophilic metabolism
with pathogenicity by providing access to exogenous fatty acids
for growth.

We reported, herein, the case of a patient with consecutive
GM related to C. kroppenstedtii and severe bacterial pneumo-
nia. We observed altered PMN functions in response to MDP,
a minimal motif common to peptidoglycans from all classes of
bacteria, recognized by the Nod2 protein (8, 10). In addition,
genetic analysis found an SNP located in the coding region of
the NOD2 gene (SNP13 Leul007fsinsC) which results in a
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FIG. 2. Impaired PMN functions after Nod2 stimulation in a pa-
tient with granulomatous mastitis due to C. kroppenstedtii. (A) CD11b
expression at the PMN surface. Whole-blood samples were incubated
at 37°C for 45 min with phosphate-buffered saline (PBS), TNF (100
U/ml), TLR agonist macrophage-activating lipopeptide 2 (10 ng/ml)
(TLR2/6), lipopolysaccharide (10 ng/ml) (TLR4), R-848 (10 pg/ml)
(TLR7/8), or CpG DNA (100 pg/ml) (TLRY), the Nod1 agonist C12-
iE-DAP (lauroyl-y-p-glutamyl-meso-diaminopimelic acid) (50 pg/ml),
or the Nod2 agonist MDP (10 wM). Samples were then stained with
phycoerythrin-conjugated anti-CD11b monoclonal antibody at 4°C for
30 min. Results are expressed as mean fluorescence intensity. (B) PMN
oxidative burst. Whole-blood samples were pretreated with hydroethi-
dine (1,500 ng/ml) for 15 min at 37°C and then incubated for 45 min
with PBS, TNF, or TLR and Nod agonists as described above, followed
by fMLP stimulation (107® M, 5 min). Results are expressed as a
stimulation index (ratio of the mean fluorescence intensity of stimu-
lated cells to that of unstimulated cells). Values that are significantly
different (P < 0.05) from those of the controls are indicated by an
asterisk. Data are reported as means plus standard errors of the means
(error bars). Comparisons were based on analysis of variance and
Tukey’s posthoc test, using Prism 3.0 software.

frameshift mutation removing the last 33 amino acids of the
Nod2 polypeptide; the corresponding mutant was shown to be
functionally impaired (5). We cannot exclude an exonic dele-
tion of NOD2, missed by classical sequencing analysis. In spite
of the presumed expression of the remaining wild-type allele,
we strongly suggest that the impairment of Nod2 was due to
the presence of SNP13 associated to other as yet unknown
genetic factors. Indeed, human monocytes harboring the
Leul007fsinsC SNP or macrophages from NOD2-deficient
mice were reported to exhibit decreased MDP sensing and
decreased synergy with TLRs (9, 12). Few studies have ex-
plored the association between an SNP in NOD2 and bac-
terial infection. Three SNPs, i.e., Pro268Ser, Arg702Trp, and
Ala725Gly, demonstrated significant association with tubercu-
losis in African American population (1). However, the same
observation could not be extended to Mycobacterium avium
subsp. paratuberculosis in a cohort of patients with Crohn’s
disease (2). In addition, a recent study conducted in an inten-
sive care unit showed that patients with at least one NOD2
variant had reduced phagocytosis by macrophages (P = 0.03)
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and higher risk of bacteremia than patients with the wild-type
NOD?2 gene (6).

Finally, it has been recently reported that Nod-mediated
inflammatory stimulation in response to peptidoglycans trig-
gers an increase in the ability of PMNs to phagocytose opso-
nized pneumococci, leading to engulfment and killing (11).
During the phagocytosis process, IgG (IgG1l and IgG3) ex-
pressed at the microorganism surface are involved in bacterial
recognition by binding to Fc-y receptors at the PMN surface.
Defective PMN responses to Nod2 stimulation associated with
decreased opsonophagocytosis related to hypogammaglobu-
linemia may be involved at least in part in the occurrence of
GM. Nevertheless, we could not exclude other genetic deter-
minants in other genes which have not yet been identified, in
agreement with the hypothesis of a polygenic disease.

In conclusion, the patient presented here provided the first
description of impaired neutrophil response elicited to Nod2
stimulation associated with GM due to corynebacteria. It
should be therefore proposed to analyze Nod2 function and
the NOD2 gene in patients with a clinical history of GM due to
Corynebacterium species. In addition, several Corynebacterium
species have been implicated in disease in humans. Further
studies are needed to emphasize the involvement of the Nod2
pathway in PMN control of these and other unusual pathogens
in apparently otherwise healthy patients who present with un-
expected or unexpectedly severe bacterial infection.

Nucleotide sequence accession number. The nucleotide se-
quence of the rrs gene has been submitted to the GenBank
nucleotide sequence database (accession no. GQ244303).
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sion of the manuscript.
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