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Case Report

Peroxidase-positive Auer bodies in plasma cells
in multiple myeloma: a case report
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Abstract: Reports of clinical cases with Auer bodies in the plasma cells in multiple myeloma (MM) are rare; however,
most of those reported contain peroxidase (POX)-negative Auer bodies rather than the POX-positive Auer bodies
observed in myeloid progenitors, indicating differences in their chemical properties. Furthermore, the cases with
POX-positive Auer bodies similar to those observed in myeloid cells are extremely rare in non-myeloid cells. Here, we
report the clinical features, laboratory investigations, diagnosis and treatment of a case of MM with POX-positive
Auer bodies in plasma cells and review related the literature to advance the prognostic evaluation, diagnosis and

treatment of similar cases.
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Introduction

Auer bodies were discovered in 1906 by the
American physician John Auer during his inves-
tigations of myeloid leukemia [1, 2]. These
structures are mainly present in myeloid pro-
genitors and serve as a diagnostic morphologi-
cal feature for acute myeloid leukemia (AML).
Auer bodies are rarely reported in non-myeloid
cells, although several cases have revealed
their existence in multiple myeloma (MM). In
contrast to the peroxidase (POX)-positive Auer
bodies observed in myeloid progenitors, the
Auer bodies in MM are often POX-negative, indi-
cating the distinct chemical properties of these
cells. Moreover, POX-positive Auer bodies simi-
lar to those observed in non-myeloid cells are
exceedingly rare in myeloid cells. No studies
focusing on this type of Auer body have been
reported to date; thus, the etiologies and impli-
cations remain unclear. Here, we report the
clinical features, bone marrow cell morphology,
enzymatic histochemical staining, chromosom-
al changes, diagnosis and treatment of a
patient with MM exhibiting plasma cells con-
taining Auer bodies.

Case presentation

A 65-year-old man visited the outpatient
department of our hospital with the chief com-
plaint of “recurrent lower back pain for 4

months and fever for more than 20 days”. In
April 2014, he presented bilateral lower back
distending pain, without fever, frequent micturi-
tion, urodynia, hematuriaorproteinuria. He then
visited his local hospital, where routine urine
tests indicated positive proteinuria and elevat-
ed creatinine levels. Subsequently, the patient
was diagnosed with “nephrotic syndrome” and
administered oral Bailing capsules for symptom
relief; however, his lower back pain recurred
at intervals. In August 2014, the patient pre-
sented with coughing, expectoration of white
phlegm (approximately 150 mL/d) and fever
(reaching 40°C), which were not associated
with abdominal pain, diarrhea, bone pain,
arthralgia, or other symptoms. He returned to
the local hospital, where he was diagnosed with
“upper respiratory tract infection (URTI)” and
treated with cephalosporins, which lowered his
body temperature. In addition, the patient pre-
sented with elevated blood IgG that and was
referred to the Department of Hematology of
our hospital. His medical history was unremark-
able with no infectious diseases (e.g., tubercu-
losis, hepatitis), chronic diseases (e.g., diabe-
tes mellitus, hypertension, coronary heart dis-
ease), trauma, surgery, or blood transfusion.
Physical examination on admission showed
normal vital signs but moderate anemia.
Neither yellowish skin/mucosae nor skin rash-
es, petechiae, and ecchymoses were observed.
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Figure 1. Bone marrow smear. Plasma cells contain-
ing Auer bodies. Wright-Giemsa staining (magnifica-
tion, x 1,000).

Figure 2. Bone marrow smear. Auer bodies in plasma
cells. Positive POX-staining (maghnification, x 1,000).
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Figure 3. Bone marrow smear. Negative acid phos-

phatase staining (magnification, x 1,000).
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Palpation did not indicate swelling of the sys-
temic superficial lymph nodes or sternal ten-
derness. Motions of the major joints were nor-
mal and pitting edema of the lower limbs was
not observed. Examinations of the lungs, heart
and abdomen were unremarkable.

Laboratory investigations and imaging exami-
nations

Routine tests

Blood: White blood cell (WBC) count 3.36 x
10°%/L, lymphocytes 51.5%, hemoglobin (Hb) 86
g/L, platelet (PLT) count 153 x 10°%L; Blood
biochemistry: Albumin 31.79 g/L, creatinine
105.59 pmol/L, modified serum calcium 2.37
mmol/L; Humoral immunity: 1gG 49.8 g/L, IgA
0.28g/L,I1gM 0.30 g/L, K light chains 60.7 g/L,
A light chains 1.02 g/L, B2-microglobulin 6.70
mg/L; Blood and urine immunofixation electro-
phoresis: positive 1gG k light chain. Quantifi-
cation of 24-hour urine K light chains: 14.85 g;
Epstein-Barr virus (EBV): Positive anti-EBV cap-
sid antigen (CA) IgG antibody, anti-EBV nuclear
antigen (NA)-1 1gG antibody and high-affinity
anti-EBV 1gG antibody; Nested virus: Positive
cytomegalovirus 1gG antibody, herpes simplex
virus 1/2 1gG antibody and rubella virus 1gG
antibody.

Bone marrow and peripheral blood smears
(Wright-Giemsa staining)

Bone marrow nucleated cells were markedly
active, with a myeloid: erythroid (M:E) ratio of
0.45:1. In smears, proliferating plasma cells
were predominantly observed, accounting for
60.5% of the total cells, including 15% of plas-
ma cells containing Auer bodies. Most plasma
cells with Auer bodies had nuclei located at one
side of the cell and rough chromatin. Rod/fine
needle-like Auer bodies were seen in the cyto-
plasm, most of which were located near to the
nuclei with some appearing as purple/red bun-
dles. For binuclear plasma cells, 1-6 Auer bod-
ies frequently appeared between the two nuclei
(Figure 1). Myeloid hypoplasia was observed
in 9% and erythroid hyperplasia in 20% of
bone marrow cells. Mature erythrocytes were
observed in a typical rouleau-like arrangement.
Lymphocytes accounted for 10% of the total
cells. The 93 megakaryocytes found on the
smears were dominated by granular megakary-
ocytes. Platelets were distributed in clusters.
Plasma cells accounted for 2% of the total
cells in peripheral blood smears.
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Figure 4. Bone marrow smear. Negative periodic ac-
id-Schiff staining (magnification, x 1,000).

Figure 5. Bone marrow smear. Negative Sudan black
B staining (maghnification, x 1,000).

Figure 6. Bone marrow smear. Negative a-naphtyl
acetate esterase staining (magnification, x 1,000).
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Enzymatic histochemical staining of bone mar-
row cells

The POX-staining of Auer bodies was positive
(see Figure 2), whereas staining with Sudan
black B (SBB), periodic acid-Schiff (PAS),
a-naphtyl acetate esterase (a-NAE) and acid
phosphatase (ACP) was negative (Figures 3-6).

Bone marrow biopsy and immunohistochemi-
cal staining

The ratio of hematopoietic tissue to adipose
tissue was 0.5:1. The M:E ratio was 1:2.
Plasmacytoid cells were diffusedly distributed
between trabeculae. Immunohistochemical
staining results were as follows: CD138 (+),
CD38 (+), CD20 (+), CD3 (-), k light chain (+), A
light chain (-), MPO (+, focally distributed), and
Mum-1 (+, diffusely distributed).

Bone marrow flow cytometricimmunopheno-
typing

Abnormal plasma cell clones accounted for
46% of the total and expressed CD38, CD138,
CD56 and k light chain.

Karyotyping and fluorescence in situ hybridiza-
tion (FISH) analysis

The karyotype was 46, XY, N [20]. FISH analysis
revealed the positive rate of IgH gene rear-
rangement was 21%, with negative 1921 ampli-
fication, RB1 deletion, D13S319 deletion and
p53 deletion. Further analysis revealed the
positive rate of t (11; 14) was 27%, whereas t
(4; 14), 1 (14; 16) and t (14; 20) were negative.

Chest computed tomography (CT) imaging

Patchy and streaky shadows were observed
on the inferior lobes of both lungs, indicating
inflammation. Abdominal color Doppler ultra-
sonography showed a solid space-occupying
lesion on the right lobe of the liver, possibly due
to hemangioma. The gallbladder wall was rough
but the spleen was not enlarged. No space-
occupying lesions were observed on the pan-
creas or kidneys.

Positron emission tomography-computed to-
mography (PET-CT)

Diffusely increased 2-[18F] fluoro-2-deoxy-D-
glucoseuptake was observed in the bones of all
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four limbs, sternum, vertebrae, pelvis and bilat-
eral clavicles, scapulae and ribs. CT imaging
showed shadows indicative of increased bone
density in the aforementioned bones, osteolyt-
ic bone destruction in right iliac bone and
hypermetabolism in the spleen, consistent with
MM.

Diagnosis and treatment

According to Chinese Guidelines on the Man-
agement and Diagnosis of Multiple Myeloma
(20413 revision) [3], the patient met all three
diagnostic criteria of symptomatic myeloma
and was therefore diagnosed with MM (IgG k
light chain type) and classified as Stage IIIA
according to the Durie-Salmon staging system
and Stage Il according to the International
Staging System (ISS). Based on the positive IgH
gene rearrangement identified in FISH analysis
and the positive rate of t (1I; 14) at 27%, the
patient was classified as standard risk accord-
ing to the Mayo Stratification of Myeloma and
Risk-adapted Therapy (NSMART) model classi-
fication systems [4]. After two courses of VTD
chemotherapy (velcade 1.3 mg/m? on day (d) 1,
4, 8, 11; thalidomide 100 mg/qnpo; dexameth-
asone 20 mg po on d 1-2, 4-5, 8-9, 11-12),
the patient’s lower back pain was relieved.
Re-examination indicated that Hb was not
markedly raised; IgG was 40.8 g/L, k light chain
56.7 g/L and B2-microglobulin 8.0073 mg/L.
Blood immunofixation electrophoresis still indi-
cated positive 1gG k light chain and quantifica-
tion of 24-hour urine « light chain was 13.4 g.
The patient responded poorly to treatment and
did not obtain partial remission (PR) according
to The European Group for Blood and Marr-
ow Transplantation (EBMT) criteria and the
International Myeloma Working Group (IMWG)
criteria [4]. Therefore, pegylated liposomal
doxorubicin was added to the original chemo-
therapy regimen (to form PATD chemotherapy).
After two courses of treatment, re-examination
of bone marrow smears indicated plasma cells
accounted for 28%, including approximately 5%
of plasma cells containing Auer body. Hb was
115 g/L, I1gG was 22.3 g/L and « light chain
was 20.6 g/L. Blood immunofixation electro-
phoresis showed positive IgG k light chain,
while quantification of 24-hour urine K light
chain was 0.18 g, meeting the criteria for PR.
As a result, the patient was discharged and has
been followed up subsequently.
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Discussion

Most Auer bodies appearing in myeloid leuke-
mia show positive POX-staining [5]. However,
the mechanism by which Auer bodies are gen-
erated remains to be fully elucidated. The most
commonly held explanation is that under patho-
logical conditions, azurophilic granules fuse
into a rod-like or other-shaped purple/red mass
known as an Auer body. Non-myeloid cells rare-
ly have Auer bodies. The existence of Auer body
in myeloma cells was first reported byStein-
mannin 1940 [6]. In the last decade, rare
observations of Auer bodies in non-myeloid
cells have been described, with most reported
in MM. A previous study [7] indicated the pres-
ence of Auer bodies in lymphocytic malignant
tumors including MM, B-cell acute lymphoblas-
tic leukemia, and chronic lymphocytic leuke-
mia/small lymphocytic lymphoma. These malig-
nancies exhibit negative POX-staining and the
Auer bodies are distinct from those observed in
AML, which have diagnostic and differential val-
ues, indicating different in their chemical prop-
erties. The Auer bodies in some patients have
been confirmed to be immunoglobulin deposits
by electron microscopy and immunohistochem-
istry [8], although in other patients, Auer bodies
show positive B-glucuronidase, a-NAE and ACP
staining that indicates a lysosomal origin, wi-
th the aggregation of cytoplasmic azurophilic
granules. Li et al. [9] reported two cases with
partial negative and partial weakly positive SBB
staining, indicating that the Auer bodies in plas-
ma cells contain a small amount of lipid. In our
case, the MM patient showed POX-positive
Auer bodies in plasma cells, which is inconsis-
tent with previous related reports. Furthermore,
SBB, o-NAE and ACP staining were negative,
which is not completely consistent with related
cases. Thus, it can be speculated that the Auer
bodies in the plasma cells of the patient
described here are likely to originate from the
deposition of azurophilic granules. Since no
MM cases with POX-positive Auer bodies in
plasma cells have been reported previously, it
remains unclear how these Auer bodies are
generated and what chemical properties they
possess. Moreover, how these Auer bodies cor-
relate with the POX-positive Auer bodies pres-
ent in myeloid leukemia cells in terms of clini-
cal implications and prognosis remains to be
determined.

Int J Clin Exp Pathol 2015;8(11):15301-15306



A case report of peroxidase-positive Auer bodies

The etiologies of MM are still unclear. Currently,
most cases of MM are reported to be correlat-
ed with EBV, a tumorigenic DNA herpesvirus
that can infect B lymphocytes, leading to
immortalization [10]. Furthermore, EBV also
promotes the secretion of viral IL.-6 by B lym-
phocytes and results in the transformation of B
lymphocytes to malignant plasma cells in the
presence of oncogenes [11]. Our patient tested
positive for anti-EBV CA 1gG antibodies, anti-
EBV NA-1 IgG antibodies and high-affinity anti-
EBV IgG antibodies, indicating a history of EBV
infection. Inclusion bodies are a proteinic path-
ological structure, formed mainly in host cells
during the proliferation of some viruses. Under
light microscopy inclusion bodies appear circu-
lar, orbicular-ovate or undetermined in shape.
In general, inclusion bodies are formed by the
aggregation of integrated virus particles or
non-assembled virus subunits in the cytoplasm
(e.g., smallpox virus), nucleus (herpes virus) or
both (measles virus). In addition to EBV, our
patient was also complicated by distant prior
exposure to cytomegalovirus, herpes simplex
virus types 1 and 2 and rubella virus. The Auer
bodies in the plasma cells of the bone marrow
showed distinct shapes and the histochemical
staining was negative, with the exception of
POX. Rare cases have been reported and
few related studies have been conducted.
Consequently, the relationship between Auer
body formation in plasma cells and virus inclu-
sion remains to be established.

The 14qg* anomaly, which is the most common
aberration in MM, is observed in at least 90%
of MM cell lines and 74% of MM patients. The
switch region of the IgH gene at 1432 is fre-
quently involved in the production of more than
10 types of anomalies, among which genetic
translocations at 11q13 (Cyclin D1), 4p16.3
(FGFR3, MMSET), 16923 (c-Maf), 8924 (c-Myc)
and 6p21 (Cyclin D3) are common. In our case,
the IgH gene rearrangement was positive and
further investigations revealed the positive rate
of t (11; 14) at 27%. Golovleva et al. [12] report-
ed c-Myc oncogene amplification in the initial
cells of three AML cases with abnormal inclu-
sion and concluded that the c-Myc oncogene
may be involved in the formation of abnormal
inclusion particles. The c-Myc oncogene is
located at 8qg24; however, chromosome and
FISH analyses in our patient did not indicate
8924 abnormalities and the Auer bodies
appeared only in plasma cells. Thus, the symp-
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toms of our patient cannot be attributed to the
c-Myc oncogene. Moreover, the patient was t
(4l; 14) positive in FISH analysis and the risk
stratification was standard. Since the patient
responded poorly to two courses of VTD
chemotherapy regimen containing velcade,
pegylated liposomal doxorubicin was added to
the original chemotherapy regimen (to form
PATD chemotherapy) and PR was achieved
after a further two courses of treatment.

Conclusions

Auer bodies, a specific diagnostic morphologi-
cal marker for AML, are frequently present in
myeloid leukemia cells and shows positive POX-
staining. These structures appear occasionally
in myeloma cells and show negative POX-
staining. The POX-positive Auer bodies in the
plasma cells of our patient are significantly dif-
ferent in origin and chemical properties from
POX-negative Auer bodies and have not been
reported previously. Thus, evaluation of the
clinical value of POX-positive Auer bodies in the
diagnosis, treatment and prognostic evaluation
of MM is warranted.
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