Freely Available Online

| ILaboratory of Anatomy, Histology and Embryology, Faculty of Veterinary Medicine, School of Health Sciences,

=
/ ] pen

JOURNAL OF HEMATOLOGY AND ONCOLOGY RESEARCH
ISSN NO: 2372-6601

Research Article DOI: 10.14302/issn.2372-6601.jhor-19-3092

Monitoring Mast Cell Populations in Waldenstrom’s
Macroglobulinemia: A Xenotransplantation Study

Nikistratos Siskos', Chryssa Bekiari', Theophilos Poutahldls Alexandros
Chadras® Anastama S. Tsingotjidou"

|Ar|stotle University of Thessaloniki, Thessaloniki, GR-541 24, Greece

| Thessaloniki, Thessaloniki, GR-541 24, Greece

Abstract

Waldenstrém Macroglobulinemia (WM) is a B-cell lymphoproliferative disorder characterized mainly by
uncontrolled accrual of M- immunoglobulin, secreted by malignant lymphoplasmatic cells. Mast cells interacting
with malignant B-cells play an important role at the manifestation of the disease. Utilizing a previous
xenotransplantation mouse model, this study evaluates long-term implant viability and quantifies distinct bone
marrow mast cell populations along with their dynamics in non-WM and WM human bone implants.

Non-WM bone implants were obtained from the femoral head of adult humans undergoing hip
arthroplasty or hemiarthroplasty, whereas WM human bone implants originated from bone biopsies obtained
from the posterior iliac crest of patients with active WM. All bone particles were implanted intramuscularly in
twenty-four NOD/SCID mice. Following 3, 4 or 8 months postoperatively, xenografts were removed and studied
using special histological techniques to identify mature and immature mast cells.

Xenografts survived up to 8 months after implantation presenting normal cytoarchitecture (non-WM) or
high-grade neoplastic infiltration and microresorption (WM bone biopsies). Statistical analysis of mast cell
populations showed significant elevation regarding time progression and bone marrow microenvironment, thus
suggesting the possible influence of malignant cells to the mast cell population in WM.

This study presents the extended survival of intramuscular implantation of human adult bone xenografts
into NOD/SCID mice and provides additional information on the interaction between mast cells and malignant
B-cells.
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Introduction

Waldenstrém Macroglobulinemia (WM) is a
B-cell lymphoproliferative disorder characterized by the
uncontrolled accumulation (predominantly in the bone
marrow) of clonally related lymphoplasmacytic cells,
which secrete M- immunoglobulin (IgM) [1-3]. With an
age-adjusted incidence of 3.8 individuals per million per
year, WM is a relatively rare condition [4]. Age, gender
and ethnicity are factors that influence the development
of the disease, with older males of Caucasian descent to
be the group of people that are more affected by it.
More specifically males are twice more likely to develop
WM than females and the incidence on Caucasians has
increased the past two decades [4, 5]. Waldenstrém
Macroglobulinemia clinical manifestations are attributed
either to the infiltration of the bone marrow (and other
extramedullary sites), or to the elevated IgM serum
levels [6, 7].

Despite progression in disease understanding,
WM treatment remains symptom-oriented, while factors
like patient’'s age and possible complications strongly
influence the therapeutic protocol [6]. Furthermore, it is
widely acceptable that WM remains incurable, while
patients die of disease progression [8]. The need for
better understanding of the disease mechanisms, has
led to the development of several animal models. Most
of them follow xenotransplantation methods: An
immunocompromised mouse receives a human bone
xenograft, free from WM, and malignant cells, either
from /n vitro cultures [8], or from fresh WM-bone biopsy
implanted on the same animal [9]. Our study introduces
the implantation of human bone xenograft with WM and
the subsequent IgM production implying the
development of the disease into the immunodeficient
mice.

Arising from pluripotent hematopoietic stem
cells of the bone marrow [10], mast cells are considered
a hallmark of the disease, while their bone marrow
excess serves as a supportive basis for pathologists [5,
11]. It has been further shown that mast cells interact
with malignant cells in WM bone marrow, playing thus a
major role in cancer growth, expansion, invasion, and
migration [2, 3, 11-13].

In the present work, we investigated the

interaction between mast and B-cells in the
microenviroment of the tissue involved in the
DOI :

pathogenesis of WM by expanding an established WM
animal model [9] .We hypothesize that by studying
long-term mast cell population dynamics in non-WM and
WM human bone xenografts, possible therapeutic
schemes might be facilitated.

Materials and Methods
Animals

Twenty-four NOD/SCID mice (Charles River
Laboratories, L'Arbresle Cedex, France) were used in the
present study. Animals were housed in individually
ventilated cages (IVC) at the biocontainment animal
research facility of the Laboratory of Anatomy, Histology
and Embryology of the Veterinary School (code number
EL-54-BIOexp-24 of the Prefecture of Thessaloniki,
Greece). All experimental procedures and protocols
received the approval of the Veterinary Directorate of
Thessaloniki, and were in accordance with the European
Council Directive 2010/63/EU as well as the national and
institutional guidelines for animal care.

Human Xenografts’ Origin

Healthy bone fragments (3-5 x 4-6 mm in size)
were obtained from the femoral head of adult humans
(both  gender)  during hip  arthroplasty or
hemiarthroplasty [14]. Waldenstrém macroglobulinemia
bone biopsies were obtained from the posterior iliac
crest of patients with active WM during scheduled
clinical visits [9]. All bone implant donors signed
Institutional Review Board - approved informed consent
forms.

Bone xenografts were implanted into the right or
left hindlimb muscles of 6- to 8- week old mice . On the
basis of xenograft origin, animals were divided into two
groups: Animals receiving non-WM bone implants (n =
12) were assigned as the non-WM group. Rest animals
(n = 12) were implanted with WM bone biopsies,
consisting thus the WM group. Finally, mice were
transcardially perfused 3 (n = 4), 4 (n = 5) or 8 months
(n = 3) post implantation (p.impl.) of bone fragments,
with 0.9% saline, followed by 4% paraformaldehyde
solution (see flow chart). Other time points were also
evaluated for comparison reasons (1-3 weeks, 1, 5 and
9 months p. impl.). For detailed experimental
procedures please see reference 9.

Histology

At necropsy, bone xenografts were collected and
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fixed in 4% paraformaldehyde solution for 24 hours.
Following decalcification, grafts were processed
routinely, embedded in paraffin, sectioned at 8um and
stained with haematoxylin & eosin (H&E). In order to
further evaluate mature (MMC) and immature (IMC)
mast cells, selected sections were treated overnight with
either Toluidine Blue (pH=2.3) or Alcian Blue/Safranine,
respectively. Mature mast cells contain mostly heparin
and present metachromasia (due to densely packed
sulphate groups) after low pH Toluidine Blue treatment,
while IMC contain biogenic amines and stain positively
with the Alcian Blue/Safranine technique.

Histopathology

For immunohistochemical evaluation of the
malignant cells in the WM specimens (4%
paraformaldehyde fixed, paraffin embedded, 8um

sectioned), a rabbit monoclonal antibody against c-kit
(Cell Marque, Rocklin, CA) was used. Heat-induced
antigen retrieval was performed with EDTA buffer, pH 8.
Primary antibody binding was detected with goat
anti-rabbit polymer HRP (ZytoChem Plus, Berlin,
Germany). Color was developed with Ultravision DAB
substrate-chromogen system (ThermoFisher Scientific/
Lab Vision), and tissues were counterstained with
hematoxylin (For detailed experimental procedures
please see reference 9).

Counting Mature and Immature Mast Cells

Regarding non-WM implants, mast cells were
counted in up to four consecutive sections coming from
4 (MMC) or 1 (IMC)(3 months), 7 (MMC) or 3 (IMC)(4
months) and 6 (MMC) or 1(IMC)(8 months) randomly
chosen slides (n=3 animals in total). In WM implants,
mast cells were counted in up to nine consecutive
sections coming from 7 (MMC) or 3 (IMC) (3 months),
10 (MMC) or 4 (IMC) (4 months) and 4 (MMC) or 1
(IMC) (8 months) randomly chosen slides (n=9 animals
in total). In all instances, the whole implant was cut. In
order to count mast cell populations, all sections were
studied using gradually the x10 and x20 objectives. All
cell-like, positively stained structures that presented a
nuclear clearance were considered to be mast cells
(MMC on Toluidine Blue and IMC on Alcian Blue/
Safranine sections) and were counted manually with a
camera lucida. Finally, each section’s area was
calculated using image analysis system (Image ProPlus,
version 6.1, Media Cybernetics) and mast cell population
density was expressed as number-of-cells per square
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millimeter (mm?).
Statistical Analysis

For data analysis the SPSS 22.0 statistical
software was used. One-way ANOVA (Bonferroni post
hoc analysis) and independent samples T-test were used
for comparisons between groups. When homogeneity of
variances was violated (Levene's test; P< 0.05) the non-
parametric two-tailed Kruskal-Wallis was assessed for
multiple comparisons, followed by the Mann-Whitney U
test (two-tailed) for two-by-two comparisons. All results
are expressed as mean = S.E. Significance was set at
P< 0.05.

Results

Human Bone Histology is Retained in Non-WM Implants
Eight Months Following Intramuscular Implantation in
NOD/SCID Mice.

Our results showed that all human bone
histological characteristics were preserved long time
following its implantantion into the mice. Following are
the detailed results for every time period that the
specimens were collected:

Three months: Bone medulla from non-WM implants,
presented a rather restored histological image
resembling healthy human bone marrow. Sites of
fibrosis and necrosis tended to disappear. Cellularity was
significantly restored while large adipocytes could be
clearly observed. The newly formed bone grew further
while newly encapsulated osteocytes (originating from
osteoblasts) could be easily observed near the surface of
bone trabeculae. Furthermore, the separation line
between new and old osteoid was clearly distinct (Fig.
1A).

Four months: Non-WM implants had a similar
histological appearance to these collected three months
after implantation: Cellularity was restored, many large
adipocytes were present, while necrotic sites could not
be observed. The balance between osteosynthesis and
osteolysis (bone remodeling) was rather shifted towards
the synthetic direction since only new bone and
osteoblast lineage cells were present along the surface
of all observable bone trabeculae (Fig. 1B).

Eight months: Non WM implants presented a rather
normal medullar histological profile: Vascular sinusoids
scattered all through the marrow and small adipocytes
separating the hematopoietic tissue into islets. Necrotic
foci had disappeared but wave formed nuclei indicated
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i Figure 1. Histological evaluation of non-WM implants 3 (A), 4 (B) and 8 (C) months after implantation.
iThree months post implantation specimens (A) present restored cellularity and large adipocytes, while the:
i sharp cement lines clearly separate old and new bone; H&E; Scale bar: 0.1mm. Four-month specimens (B) |

present a highly similar histological profile with 3 months, in terms of restored cellularity, large adipocytes:

jand clear cement lines; H&E; Scale bar: 0.lmm. Eight months after surgery (C), bone marrow of !
ixenografts present also restored cellularity and small adipocytes; H&E; Scale bar: 0.2mm. Cellularity is!

i labelled with asterisks, adipocytes with triangles, and cement line with arrows.

W

e &

iFigure 2. Histological evaluation of WM bone biopsies 3 (A), 4 (B) and 8 (C) months post implantation.
iSpecimens collected three months after implantation (A) present infiltration of malignant cells, as well as

+adipocytes, while bone trabeculae appear thinned; H&E; Scale bar: 0.2mm. Four months after surgery (B),
Especimens present also thinned bone trabeculae and bone marrow infiltration by WM cells; H&E; Scale bar:
§0.2mm. Biopsies extracted 8 months post implantation (C) also present resorptive lesions and high-gradei
infiltration by malignant cells; H&E; Scale bar: 0.5mm. Cellularity due to malignancy is labelled with aster-
isks, adipocytes with triangles, and cement line with arrows.
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the presence of fibroblasts. New bone presented a
similar histological profile with that appearing in
xenografts collected four months after implantation
(Fig. 1C).

WM Bone Biopsies Present High-Grade Malignant Cell
Infiltration and Increased Bone Resorption Eight Months
After Intramuscular Implantation in NOD/SCID Mice.

Our results showed that WM bone biopsies
preserved all neoplastic characteristics along with their
resorptive effects long time following their implantation
into the mice. Following are the detailed results for
every time period that the specimens were collected:

Three months: Bone marrow from WM bone biopsies
was infiltrated mainly by small lymphocytes,
plasmacytoid lymphocytes and plasma cells. Loose
connective tissue septa dividled bone marrow into
distinctive departments, while few large adipocytes were
present. Bone medulla from one animal however,
presented large areas full of big adipocytes and smaller
areas containing malignant cells. Newly encapsulated
osteocytes may resemble osteosynthetic activity, but the
presence of thinned trabeculae and large lacunae over
bone surfaces indicated also active osteolysis (Fig. 2A).

Four months: WM bone biopsies of 4 months were also
related with 3-month biopsies. Low-power microscopy
revealed high cellularity, fibrotic foci and cells presenting
condensed, highly basophilic nuclei. Malignant
lymphocytes were the dominant cell population, followed
by plasmacytoid lymphocytes and plasma cells. Finally,
presence of large lacunae extending from the bone
surface down to cement line level and thinned
trabeculae (Fig. 2B), revealed that the remodeling
equilibrium was highly shifted towards the lysis
direction.

Eight months: WM bone biopsies presented high-grade
cell infiltration, resembling to an active malignant
procedure. Malignant B-cells and plasmacytoid
lymphocytes dominated over the bone marrow (Fig. 2C),
while areas featuring bundles of dense irregular
connective tissue indicated high-grade fibrosis.
Osteolysis was evident in a same manner like 4
months-after-implantation biopsies, except for one
animal featuring hyaline cartilage that presented areas
of undergoing endochondral ossification (data not
shown).
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Mast Cells are Present at the Human Bone Marrow Niche

The low pH of Tolouidine Blue staining results to
metachromasia of the stained cells. For this reason,
mature mast cells are displayed light purple-blue (Fig.
3A and B) effect that renders them easily recognizable
from the other neighbouring cells of hematopoietic
origin. Positive cells showed an elongated shape
implying their location in interstitial regions [15].

Immature mast cells, on the other hand, stain
positively with the Alcian Blue/Safranine technique due
to their high concentration in biogenic amines giving
them a blue color easily distinguishable from the red
staining of the surrounding cells.

Change in the staining properties from blue to
red implicates maturation of the mast cells when stained
with the above-mentioned technique [15,16]. Our
findings indicate the presence of mature mast cells (Fig.
3C) in proximity to the other bone marrow cells, whose
nuclei are stained red from the Safranine.

Mast cells express the Kit receptor for the stem
cell factor, which plays important role in regulating mast
cell biology [15]. C-kit positive cells were found in the
highly populated area of the bone marrow (Fig. 3D-F). C
-kit staining in normal cells is located in plasma
membrane; in diseased cells, it is found into their
cytoplasm. Our findings show the staining to be mostly
in the plasma membrane, but it is also found in the
cytoplasm, implying possibly, the transition from one
stage to the other.

Mast Cell Populations Elevate Along Time Progression,
While WM Bone Biopsies Present More Mature and
Immature Mast Cells than their Non-WM Counterparts.

Three months p.impl.,, non-WM implants
presented 0.180+0.07 and 0.209+0.095, MMC/mm? and
IMC/mm? respectively. One month later, at 4 months
p.impl., 0.059£0.024 MMC/mm? and 0.443+0.120 IMC/
mm? could be observed, while at 8 months p.impl.
1.190+0.230 MMC/mm? and 2.594+0.801 IMC/mm?
were counted (Diagr. 1A). Statistical analysis proved that
populations of mast cells found at 8 months p. impl.,
were significantly increased as compared to their values
at 3 (MMC, P= 0.003; IMC, P = 0.034) and 4 months
p.impl. (MMC, P = 0.0001; IMC, P = 0.011); (Tables 1
and 2).

Simultaneous counting of the mast
populations in the WM bone biopsies (Diagr.

cell
1B)
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Figure 3. Histological (A-C) and immunohistochemical (D-F) staining of mast cells in WM biopsies.

Mast cells were identified using conventional histological staining (A-C) and immunohistochemical methods
(E-G): Tolouidine Blue staining revealed mature mast cells in the bone marrow of the implanted WM bone :
I (osteoid shown in 3A). They differ from their adjacent cells not showing metachromatic reaction (B repre- E
1 sents the marked area of A). Immature mast cells are round Alcian blue stained cells (3C) in contrast to!

| the Safranine stained cells of the marrow vicinity.
1

I Mast cells were also detected with IHC against c-kit (D-F). Positive stained cells are shown in the bone:
1 marrow of diseased animals (F represents the dashed area of E). C-kit positive cells are dispersed all over!
| the highly densed area of the bone marrow. Although they showed an accumulation of the reaction into |
| the plasma membrane, c-kit staining is into their cytoplasm as well (3F). Scale bars represent 0.1 mm in A |
iand E, 0.05 mmin Cand F, 0.02 mm in B and 0.2 mm in D.

—_—— e — -
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iTabIe 1. MMC (TB stained) number over a period of 5 months '
L e e e e e e e e e e e e e e 1

7B cells/mn?
4 P
(Mean + SEM) 3 mos mos 8 mos
. . | ¥0.003
non-WM 0.180+0.07* 0.059+0.024 1.190+0.230*" | ,
0.0001
%
WM 1.311+0.275% 5.567+0.711* 2.966+0.258*" | | <0.0001
0.460
P *0.019 *<0.0001 ** <0.0001
iTabIe 2. IMC (AS stained) number over a period of 5 months i
AS cells/mn?
3 mos 4 mos 8 mos P
(Mean + SEM)
*0.034
non-WM 0.209+0.095* 0.443+0.120" 2.594+0.801*%" | | 0.011
* <0.0001
WM 23.677+4.567* 43.921+3.671" 59.689+3.118**
*0.085
P *0.024 *<0.0001 ** <0.0001

revealed that their number increases over time not only
in the non-WM but in the WM implants as well (3
months p.impl.:1.311+0.275 MMC/mm? and
23.677+£4.567 IMC/mm? 4 months  p.impl.:
5.567+0.711 MMC/mm? and 43.921+3.671 IMC/mm?;8
months  p.impl.:  2.966+0.258 MMC/mm?  and
59.689+3.118 IMC/mm?). Regarding MMC, statistical
analysis proved significant difference between 3 and 4
months p.impl. (P = 0), and 3 and 8 months p.impl.(P =
0), while no significant difference occurred between 4
and 8 months p.impl. (P = 0.460). At the same time,
numerical changes in the populations of IMC over time
seem to follow the same pattern (3 and 4 months
p.impl.,2 = 0.003; 3 and 8 months p.impl., 2= 0; 4 and
8 months p.impl., P = 0.085).

Comparing MMC populationsin the non-WMand
WM implants (Diagr. 1C), they were found to be
significantly higher in the WM bone biopsies at all
examined time points (3 months p.impl.,2 = 0.019; 4
months p.impl., P = 0; 8 months p.impl., 2 = 0), while
the same was revealed for IMC populations (Diagr. 1D),
as well (3 months p.impl., P = 0.024; 4 months p.impl.,
P=0; 8 months p.impl., P=0).
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Discussion

The microenvironment of cancer cells plays
pivotal role in the progress of every malignancy. In
Waldenstrém’s Macroglobulinemia, bone marrow niche is
this specific area where interactions between malignant
B cells and the neighboring cells take place. Factors like
interleukins and cytokines are expressed by bone
marrow cells, including endothelial and stromal cells
[17]. Mast cells, are among others, capable of
influencing malignant bone marrow cells. Great research
has been done on the relationship between mast and
malignant B-cells in WM. Their bidirectional interactions
are considered at least significant in the pathogenesis
and further expansion of the disease [17]. Mast and
B-cells “communicate” utilizing various ligand-receptor
interactions. Mast cells for example, express tumor
necrosis factor family ligand CD154, which binds on
malignant WM cell surface molecule CD40, inducing
proliferation of the latest [11]. Malignant B-cells on the
other hand, utilize CD27/CD70 interactions in order to
stimulate CD154 expression on neighboring mast cells
[3, 12]. Further examples include CCL3, APRIL, BLYS
and CD52 interactions [3, 11-13], revealing the
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1C and D Comparative evaluation of MMC (C) and IMC (D) counted cells/mm?over time in the non-WM,
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1 1

1In all three time points that were checked (3, 4 and 8 months post implantation) the mean number of |
| counted cells/mm? (both Tolouidine Blue and Alcian Blue/Safranine stained cells) was higher in the animals |
: implanted with WM bone biopsies (C and D).
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importance of the aforementioned “cross-talk”. Jalali and
Ansell (2018) conclude that the increased number of
mast cells promote malignant cell growth through BAFF/
APRIL/CD70/CD40 L signaling.

The above-mentioned involvement of mast cells
in the pathogenesis of the disease was demonstrated
with the expression of mast cell tryptase in fetal bone
marrow sections following implantantion of the fetal
bone into immunodeficient mice [8], the expression of
CD52 on human Mast Cells (MCs) and WM bone marrow
lymphoplasmacytic cells implying their interaction to the
pathogenesis of the disease [2], the corroboration in
human patients of CD154-CD40 signaling providing the
framework for therapeutic targeting of MC and MC-WM
cell interactions in WM [11], while Terpos et al. (2011)
have demonstrated the expression of CCL3 in neoplastic
cells in 67 WM patients stating that this chemokine is
also a chemoattracting factor for mast cells. The
publication of Ho et al. (2008) demonstrated the
injection of an established WM cell line (BCWM.1 cell
line) into SCID mice suggesting a functional role for
sCD27 in WM.

To our knowledge this is the first study to
highlight and describe “kinetics” of distinct mast cell
populations in Waldenstrém’s Macroglobulinemia into
the real environment of a bone biopsy from WM patients
and their subsequent implantation into immunodeficient
mice. More specifically, the possible participation of
mast cells in WM was studied in the bone marrow
niche of WM patients implanted intramuscularly
into the hindlimbs of NOD/SCID mice. Control
non-WM bone fragments were also implanted into the
above-mentioned mice.

Concerning the site of grafting we have
presented in our previous studies successful
intramuscular implantation of human bone particles into
mice [14]. Many researchers have implanted human
tissues subcutaneously [8, 19-21, 24]. This approach
might be technically easier or better in terms of animal
welfare, but to our belief, it lacks adequate oxygenation.
It is widely acceptable that utilization of an oxygen-rich,
well-perfused tissue is a more suitable environment for a
graft to thrive. Thus, hind limb muscles were used as
cradles for both non-WM and WM xenografts at this
study. One study has also shown the intramuscular
implantation of technically produced particles into mice
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to study bone formation [29].

Although, xenografts from other species (e.g.
rabbits) have been used successfully in the past [25],
the use of consent-obtained human tissues not only
does not raise ethical questioning, but it is also one step
closer to reproducing the human disease. Another
long-standing debate exists over the use of fetal or adult
tissues. Although there is evidence on special
chemotactic agents in fetal human bone [26], the fetal
bone marrow dynamics are quite different than the adult
one. Using adult xenografts, a more precise
recapitulation of the disease is attempted, not only in
the context of WM, but also in the study of osteotropism
of primary malignant tumors such as prostate and/or
breast [21, 30, 31].

One of the limitations of our study is the
inclusion of femoral head bone fragments as controls
while our experimental specimens are from iliac crest
bone biopsies. Although macro- and micro- site specific
variations of bone physiology have been reported [32,
33], we believe that our findings are valid because they
represent basic bone homeostatic mechanisms.

For over two decades bone among other human
tissues has been implanted into immunodeficient mice
for studying different human disease related issues [27,
28]. Since then, this animal model (of human bone
implantation into immunodeficient mice) has been used
widely, mainly for the study of malignant cell
osteotropism [30, 31]. One successful implementation of
this model is the development of WM disease [9]. On
this context, it was shown that healthy and WM adult
human bone xenografts implanted either subcutaneously
or intramuscularly in immunocompromised mice, are
viable up to five months [9, 14, 18-22]. In the present
study, the xenograft survival period was followedup to 8
months post-implantation. Detailed histological analysis
of non-WM specimens indicates that both normal bone
marrow histology and normal bone remodeling are
completely restored (Fig. 1). In a same manner, WM
biopsies’ viability was proved by the high-grade
infiltration of bone marrow with malignant cells (Fig. 2).
Furthermore, the presence of thinned bone trabeculae
and large lacunae over wide areas of bone, indicate
microresorptive lesions, in accordance with previous
findings [23]. This outcome gives the opportunity to
evaluate the disease through a substantial period of time
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thus allowing us to follow possible changes indicative of
the pathogenesis of the disease, and/or better predict
the effects of pharmaceutical agents.

To our knowledge the present study is the first
one to monitor mast cell populations by detecting their
maturity using conventional histological stains. Although
more animals need to be examined (especially at some
later time points) there is an obvious tendency for
increased mast cell populations both in WM and non-WM
groups. More specifically, our results indicate that
populations of MMC and IMC show increasing pattern
over time both in non-WM and WM xenografts.
However, in the non-WM implants, MMC population
shows its major increase between 4 and 8 months p.
impl., while in the WM bone biopsies the increase is
observed earlier, between 3 and 4 months p. impl.,
possibly indicating an accelerated mast cell production
and maturation rate in the WM microenvironment
compared to the non-WM one. These findings
supplement  existent  aforementioned research,
emphasizing mast cells’ teleological role in WM
pathogenesis and significance of mast cell - malignant
B-cell interactions [3, 11, 13].

The positive c-kit stained mast cells (Fig. 3)
verify not only their existence in the microenvironment
of the diseased bone marrow but show their density as
well. Although CD117 (c-kit) staining is also expressed
on immature hematopoietic progenitor cells [15], our
histological results in  combination with the
immunohistochemical ones indicate the same population
of mast cells.

To Summarize, the Present Study Includes:

1. the cytoarchitecture presentation of WM and
non-WM bone fragments for a long time period

2. mature and immature mast cells staining with
conventional histological stains

3. c-kit immunohistocemical staining of the
microenvironment of the disease

real

4. adjacency of mast cells with other bone marrow
cells into the real microenvironment

5. comparison with the non-WM specimens

Further research will elucidate the contribution
of these cellular interactions to the pathogenesis and/or
treatment of the disease.

DOI :

Conclusion

Although other researchers have demonstrated
the involvement of mast cells in the progress of WM
previously, this study is the first one to demonstrate the
existence of these cells in close adjacency with the cells
of the bone marrow niche, where malignant B-cells
reside. The specific interaction was visulaized in an
animal model developed with the implantation of WM
bone biopsies of human origin, and their subsequent
monitoring for a long-lasting time period (up to 8
months). This finding can be a useful tool in future
studies for clarifying additional structures responsible for
the “crosstalk” between mast and malignant cells and
hence developing new treatments for the disease.
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