574

Neoplasma 59, 5, 2012

doi:10.4149/neo_2012_074

COX-2 expression in fibroblast aggregates as a functional indicator for
the anti-inflammatory activity of leukemia patients’ bone marrow-derived

hematopoietic cells

K. EGYUDOVA'™, M. FAJTOVA!, A. CIZMAR?, M. KORHONEN?, J. GYARFAS?, E. KANKURP, J. BIZIK!

!Cancer Research Institute, Slovak Academy of Sciences, Bratislava, Slovakia; *?University Children’s Hospital, Department of Paediatric Oncology,
Bratislava, Slovakia; *Finnish Red Cross Blood Service, Helsinki, Finland; *National Cancer Institute, Department of Hematology, Bratislava,
Slovakia; *Institute of Biomedicine, Pharmacology, University of Helsinki, Finland

*Correspondence: katarina.egyudova@savba.sk

Received February 1, 2012 / Accepted April 13, 2012

Reciprocal communication between hematopoietic cells and their surrounding bone marrow stroma is crucial for normal
progression of hematopoiesis. This complex network of cell-to-cell signals in the microenvironment involves both cell contact-
mediated and paracrine cues. In hematological malignancies the intricate balance is, however, disrupted to support cancer
progression. In order to detect altered microenvironmental reactivity of a hematopoietic cell sample, cellular functional assays
can be designed to measure the cells’ capacity to modulate stromal stress reactions, such as inflammation.

Recently, we showed that human leukemic cell lines of monocytic origin can actively participate in modulation of stromal
inflammation. In order to further functionally evaluate the hematopoietic cells’ capacity to modulate stromal inflammation,
we utilized an in vitro model of nemosis-induced inflammation of fibroblasts in a three-dimensional culture setting. This
process of stromal inflammation in fibroblast aggregates is consistent, requires both cell-contact and paracrine signals, and
can be produced on a large scale to support dose-dependent analyses. To extend our previous observations, we evaluated the
effect of a wide panel of leukemia cell lines on cyclooxygenase- 2 induction in fibroblast aggregates in co-culture. We also
assessed the feasibility of the model to support clinical functional testing by utilizing the hematopoietic fraction of leukemia
patients’ bone marrow aspirates after immunophenotyping. Our results suggest that the stromal inflammation-modulating
activity of these samples is differently modulated in cancer and in normal bone marrow. Moreover, differences in the samples’

anti-inflammatory activity may reflect disease state.
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Reciprocal communication between hematopoietic cells
and their surrounding microenvironment-stroma is crucial
for normal progression of hematopoiesis [1]. The control net-
work of soluble and insoluble signals regulates both stromal
responses and differentiation of hematopoietic precursors,
as well as, maintains the stem cell pool. Unfortunately, also
malignant cells utilize this intricate signaling system for the
promotion and progression of leukemogenesis [2]. In the in-
flammatory “cancer microenvironment’, the malignant cells
and their stroma are nourished by various growth factors and
cytokines [3]. Inflammation has been shown to promote the
tumor cells’ survival, proliferation, and metastatic activity, as
well as, to increase their resistance to chemotherapeutic agents.
On the other hand, it is not well known under which circum-

stances and how the malignant cells modulate or upkeep the
inflammatory process for their needs.

In the present study we analysed the ability of the hemat-
opoietic cell fraction, either isolated from leukemia patients’
bone marrow (BM) samples or as cell lines, to modulate
stromal inflammation in vitro. To enable functional testing
of those cellular processes that govern the signal-regulatory
network in the cancer’s aseptic inflammatory microenviron-
ment, we utilized a fibroblast model of cell-to-cell contact
and paracrine signaling-induced inflammation, nemosis. This
process is effectively induced in dermal fibroblasts [4-6], and
is characterized by a massive induction of cyclooxygenase-2
(COX-2) that serves as a sensitive marker for inflammation.
Moreover, nemosis-activation of fibroblasts has been shown to
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be associated with production of several cytokines associated
with inflammation e.g. IL-1, IL-6, IL-8; cell growth factors
like HGE, amphiregulin, and FGF7, as well as, inducers of dif-
ferentiation: IL-11, LIF, and GM-CSF [5,7,8]. Although this
mixture of cytokines is similar to that produced by stromal
cells isolated from BM [9] and we have shown bone marrow
stromal cells (BMSCs) to react in a similar manner upon ag-
gregation [10], fibroblast reactivity is preferred for sensitive
functional in vitro testing due to the prompt and prominent
induction of COX-2.

The present study was based on our previous observations
showing that human leukemic cells can modulate inflamma-
tion in fibroblast aggregates as assessed by dose-dependent
suppression of COX-2 expression [11]. Although the previ-
ously analysed three cell lines were all able to downregulate
COX-2 expression, they significantly differed in their po-
tency. In this study, we further extended this analysis of
human leukemic cell lines. Moreover, we also tested human
hematopoietic cells isolated from BM and peripheral blood of
leukemic patients for their ability to modulate this cell-con-
tact and soluble mediator-induced inflammatory activation
of fibroblasts.

Our results extend the profile of human leukemic cell lines
to modulate stromal inflammation in terms of mesenchymal
COX-2 expression. We show here that this co-culture method
is also usable for patient samples, and the cells for the assay
can be isolated from the same BM aspirate that is also used
for flow cytometry immunophenotyping of hematological
malignancies.

Materials and methods

Antibodies. Antibodies used for immunoblotting were:
goat anti-COX-2 primary antibody (Ab) (sc-1746, Santa
Cruz Biotechnology, CA) and anti-goat alkaline phosphatase-
conjugated (V115A, Promega, Madison, WI) secondary Ab.
Antibodies for flow cytometry (FACS) were: anti-CD45-
phycoerythrin (anti-CD45-PE, 555483, BD Biosciences, San
Jose, CA), and anti-CD20-allophycocyanin (anti-CD20-APC,
340908, BD Biosciences).

Cell cultures. Human dermal fibroblasts (MUF 7/1) estab-
lished from human neonatal foreskin were kindly provided
by Dr. Miroslav Pirsel (Cancer Research Institute, Bratislava,
Slovakia), and were used from passages 5 to 15. Analysed
human leukemic cell lines were as follows: THP-1, acute
monocytic leukemia [12]; KG-1, acute myelogenous leuke-
mia [13]; U-937, histiocytic lymphoma [14]; HL-60, acute
promyelocytic leukemia [15]; ML-2, acute myeloid leukemia
[16]; MOLM-9, chronic myelogenous leukemia [17]; Jurkat,
acute T cell leukemia [18]; Daudi, Burkitt's lymphoma [19];
Ramos, Burkitt s lymphoma [20]; K-562, chronic myelogenous
leukemia [21]; NALM-16, acute lymphoblastic leukemia [22];
U-698, lymphosarcoma [23].

The fibroblasts and all leukemic cell lines were cultured in
RPMI 1640 supplemented with 10% fetal bovine serum, 50

IU/mL streptomycin, and 50 pg/mL penicillin (all from Life
Technologies, Gibco, Carlsbad, CA).

Patient samples. BM cells were derived from bone marrow
aspirates from the posterior iliac crest of BM transplantation
donors and from patients suspected of or diagnosed with
a hematological malignancy. The source of patient material
used for experimentation was clinical specimen obtained from
the Department of Paediatric Oncology, University Children’s
Hospital and National Cancer Institute, Bratislava. Samples
from healthy donors were from the University of Helsinki
Central Hospital, Children’s Clinic, Helsinki, Finland and were
taken for research purposes. The material used for each assay
was the leftover material of the aspirate after diagnostic flow
cytometry. BM hematopoietic and stromal cells were isolated
by density gradient on Ficoll-Pague™ Plus (GE Healthcare
Bio-Sciences AB, Uppsala, SE). Differential adhesion was
employed to separate mesenchymal stromal cells from hemat-
opoietic cells. All samples were collected and processed with
permission of the Human Ethics Committee of the National
Cancer Hospital, Bratislava.

Formation of fibroblast aggregates (spheroids). Spheroid
formation was initiated as described previously [4]. Briefly, U-
bottom 96-well plates (Costar, Cambridge, MA) were treated
with 0.8% LE agarose (BioWhittaker, Rockland, ME) prepared
in sterile water to form a thin film of non-adhesive surface. Fi-
broblasts were detached from culture dishes by trypsin/EDTA,
and a single cell suspension (4 x 10* cells/mL) was prepared
in complete culture medium. Thereafter 250 pL aliquots were
seeded into individual wells, and the dishes were incubated
at +37°C in 5% CO, atmosphere. Cell numbers were counted
using a Biirker chamber.

Co-culture of hematopoietic cells and fibroblast sphe-
roids. For co-cultivation experiments the leukemic cell lines
or the non-adherent fraction of BM was used 24 h after its
isolation. The cells were placed in 96-well plates treated with
agarose at indicated concentrations. Fibroblasts were added
to each well, and the co-cultures were incubated for the next
72 h. Fibroblast spheroids were separated by gravitational dif-
ferential sedimentation, and analysed for COX-2 expression
by immunoblotting. Isolated non-adherent cells were also ana-
lysed for COX-2 expression before and after co-cultivation.

Immunoblotting. Cells were washed with PBS, and lysed
in reduced sample buffer (62.5 mmol/L Tris-HCI (pH 6.8),
2% SDS, 20% glycerol, 5% B-mercaptoethanol and 0.005%
bromophenol blue) supplemented with protease inhibitors
(Complete Miniprotease Inhibitor Tablets, Roche, Germany),
and incubated at +95°C for 5 min. Lysates were centrifuged
at 3000 rpm for 5 min to sediment particulate-insoluble
material. Each sample separated by SDS-PAGE (gradient of
polyacrylamide 5-15%, 3.5% stacking gel) was then transferred
to a nitrocellulose membrane (Schleicher&Schuell, Dassel,
Germany) in transfer buffer at 150 mA during 18 h. Transfer
efficiency was verified by Ponceau-S staining. After blockingin
2.5% low-fat dry milk in TBS (20mmol/L Tris-HCI, 150 mmol
NacCl, 0.1% Tween-20, pH 7.5) the membrane was incubated
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Figure 1. Phase contrast microscopy showing co-cultivation of series of non-adherent hematopoietic cells isolated from bone marrow aspirates with
spheroids. Dense structure in the centre is the spheroid formed from MUF 7/1 dermal fibroblasts (10* cells/well) and halo structure around individual
spheroid is created by a portion of non-adherent cells at indicated numbers (1x10%, 3x10%, 5x103, 1x10%, 2x10*, 3x10* cells/well), C - represents control,

uninfluenced spheroid. Scale bare is 250 pm.

with primary antibodies followed by the secondary alkaline
phosphatase-conjugated antibody. Visualization of protein
bands was carried out with the Pierce NBT/BCIP western
blotting substrates according to manufacturer’s recommen-
dations (Thermo Fisher Scientific, Rockford, IL). IC, values
were calculated using the non-linear curve-fitting algorithm
in GraphPad Prism version 5 (GraphPad Software, La Jolla,
CA) as specified in our previous study [11].

Flow cytometry. After standard cultivation or after co-
cultivation with spheroids, the hematopoietic non-adherent
cell fraction was analysed by flow cytometry. The cells were
incubated on ice with anti-CD45-PE, and anti-CD20-APC,
and FACS analysis was performed by FACS Canto II flow
cytometer (BD Biosciences, San Jose, CA). Data was analysed
using Cyflogic program, version 1.2.1.

Statistic. Statistical significance was calculated using a two-
sided Mann U Whitney test due to small sample size, and
p<0,05 was set as significant.

Results

Using the methodological approach as described in our
recent study [11], we evaluated the anti-inflammatory activity

Table 1. Summary of mean IC_ values estimated for analysed leukemic cell
lines. The introduced IC_ value represents an average obtained from three
independent experiments. The values marked with (*) were adopted for
comparison from our previous study [11]. 'the characteristics of the cell
lines were taken from Drexler, 2000[24].

Cell line designation Representing cell type’ IC, value
1. HL-60 promyelocyte 3453
2. KG-1 myelo-monocyte 3519 *
3. ML-2 myelo-monocyte 1030
4. MOLM-9 myeloblast 2835
5. THP-1 monocyte 746 *
6. U-937 myelo-monocyte 921 *
7. Daudi B-lymphoblast 8626
8. Jurkat T-lymphocyte 10003
9. K-562 B-lymphocyte 3034
10. NALM-16 B-lymphocyte 19692
11.  Ramos B-lymphocyte 8852
12.  U-698 B-lymphocyte 5891

of 6 myelo-monocytic and 6 lymphoblastic cell lines. To initi-
ate the co-culture, the leukemic cells were seeded at a density
of 1x10°-3x10* cells/well, and a constant amount of dermal
fibroblasts (1 x 10* cells/well) was added (Fig. 1). Fibroblast
spheroids were separated and harvested when maximal COX-2
induction was reached after 72 h of co-culture. IC, values were
calculated by densitometric analysis of COX-2 band intensity
on immunoblots. IC, represents the amount of co-cultured
leukemic cells that reduces COX-2 expression in fibroblast
spheroids to half when compared to COX-2 expression in
spheroids alone. The IC, values calculated for the leukemic
cell lines are summarized in the Table 1. As reference the IC, |
values estimated for the three cell lines in the previous study
are presented. The IC,  values of myelo-monocytic cells were in
the range between 746 (THP-1) to 3519 (KG-1), and the mean
IC,, value for all six myelo-monocytic cell lines was 2084. In
general, the lymphoblastic cell lines exhibited lower capacity to
inhibit COX-2 expression than the myelo-monocytic cells. IC, |
values for lymphoblastic cell lines ranged from 3034 (K-562)
to 19692 (NALM-16), and the mean IC, value for these cells
was 9350. Taken together, the cells of lymphoblastoid origin
were thus 4.5 times less potent to inhibit COX-2 expression in
comparison to the cells of myelo-monocytic origin.

Because the assay is based on the evaluation of COX-2 ex-
pression in fibroblasts co-cultivated with leukemic cells, it was
necessary to exclude any contribution to the levels of COX-2
by tested leukemic cells. We therefore assayed all leukemic cell
lines for COX-2 expression before and after their co-cultivation
with fibroblast spheroids. None of the cell lines was positive
for COX-2 expression (data not shown). We detected COX-2
expression only in the HEL erythroleukemia cell line, which
was thus excluded from this study.

We then isolated hematopoietic cells from the unused
portions of bone marrow aspirates after immunopheno-
typing. Mesenchymal cells were separated after gradient
centrifugation by adherence to plastic, and the non-adherent
hematopoietic fraction was used for further analyses. Care-
ful depletion of mesenchymal cells was necessary because of
their natural anti-inflammatory properties [25] even when
representing less than 1% of the total population. Although
we observed changes in the morphology and composition of
the samples after 7 days in culture, the most important fact
for the established assay was proved by FACS analysis (as
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Figure 2. FACS analysis of non-adherent fraction isolated from a bone marrow sample. The analysis was performed in order to compare composition
of interface portion obtained from the specimen of AML patient # 19 after cultivation for 24 h. The first analysis (0. day) was performed immediately
after density gradient separation and the second one (1. day) after 24 h incubation in culture. Marked subpopulations represent: R1 - lymphocytes, R2
- monocytes, R3 - granulocytes, R4 - pathologic cell population. The CD45-PE antibody was used for the analysis.

demonstrated by the representative Fig. 2) showing similar-
ity of the composition of the interphase fraction derived
from bone marrow before and after a 24-hour incubation,
suggesting that these cells could be employed for the assay.
Moreover, this enabled us to carry out the adherence-deple-
tion step with the non-adherent population still remaining
representative of that in the fresh sample.

We then evaluated the effect of sample culturing time on
the COX-2 inhibitory activity of isolated non-adherent cells.
Aliquots of cells derived from patient #19 were added to co-
cultures with spheroids at different time points after their
isolation (24 h, 72 h, 144 h). IC, was 3731 for cells that were
used for analysis 24 h after isolation, whereas it was 4791 and
5315 for the same cells analysed at time points 72 h and 144 h,

respectively (Fig. 3). Prolonged cultivation of non-adherent
cells of another patient with acute myeloid leukemia (AML-
M?7) showed similar decline of inhibitory activity. Again the
highest inhibitory effect was observed when cells were analysed
24 h after isolation (IC,,~3731). Further cultivation to 96 h,
120 h and 192 h decreased the inhibitory activity (IC_ ~ 5910,
IC,, ~ 8062, IC_ ~ 57707) (data not shown). Taken together
with the fact that prolonged culturing influences cell morphol-
ogy and the cell population composition of the sample, these
data suggest that cells should be used for experimentation
beginning at 24 h after isolation to enable time-dependent
monitoring of the inhibitory effect of the fresh samples and to
exclude any further influence from culturing. During the pro-
longed cultivation no decrease of cell viability was observed.
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Figure 3. Effect of prolonged cultivation of non-adherent hematopoietic cells on their ability to modulate COX-2 expression. Immunoblotting analysis
showing inhibitory activity of hematopoietic cells isolated from bone marrow of AML patient (# 19) and then cultured for the indicated time points
(24 h, 72 h, 144 h) before being added to co-cultures with fibroblast spheroids and analysed. Spheroids prepared from MUF fibroblasts (10* cells/well)
were harvested for analysis after 72 h of co-cultivation with the same portions of isolated hematopoietic cells as shown in Fig. 1 (Lane 1 to 6 added cells
1x 10° - 3 x 10*/well). Lane C - represents control, the expression of COX-2 in uninfluenced spheroids.
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Figure 4. FACS analysis of non-adherent hematopoietic cells derived from a bone marrow sample after prolonged cultivation. The analysis demonstrates
composition of a cell culture isolated from a specimen obtained from AML patient (# 19) after 1 week (A) and 5 weeks (B) of standard cultivation. The
appearance of B-cells subpopulation in the culture and its overgrowth is evident after prolonged cultivation. The CD45-PE and CD20-APC antibodies

were used for analysis.

In our preliminary work we observed that prolonged cultur-
ing of the non-adherent hematopoietic fraction for more than
240 h may lead to spontaneous overgrowth of a B-cell popula-
tion. At that time point this overgrowth was evident by phase
contrast microscopy, and was confirmed by FACS analysis, as
shown in Fig. 4. Since our observation was not associated with
B-cell malignancies, we considered it important to exclude
interference to the assay from overgrowth of B-cells during
the experimentation. We thus selected to routinely perform
FACS analysis of all non-adherent hematopoietic cells after the
co-culture with spheroids. CD20 was chosen as a characteristic
B-cell marker. We observed no B-cell overgrowth during the
course of the 96 h co-culture experiments.

Similarly as in the case of leukemic cell lines, it was neces-
sary to test the possible contribution to COX-2 expression by
the sample isolated non-adherent cells. Need of such analysis
was supported by evidences from recent studies, which showed
that some types of hematological malignancies—such as
chronic lymphocytic leukemia, chronic myelogenous leuke-
mia, multiple myeloma, or Hodgkin s and non-Hodgkin s
lymphoma—may exhibit marginal levels of COX-2 expres-
sion [26]. Therefore, the sample of non-adherent cells was
analysed by immunoblotting after standard culture, as well as,

1 2 3

after their co-culture with spheroids. We observed no COX-2
expression in standardly cultured cells or in cells co-cultured
after 72 h (data not shown).

Since our results showed that non-adherent cells isolated
from bone marrow have the ability to modulate COX-2 expres-
sion, we further investigated to what extent the non-adherent
cells derived from peripheral blood could possess this capacity.
We simultaneously compared non-adherent cells isolated from
bone marrow and peripheral blood of the leukemic patient #1.
Non-adherent hematopoietic cells isolated from bone mar-
row (Fig. 5) showed significantly higher inhibition activity of
COX-2 expression (IC_ ~ 3334) when compared to the value of
cells isolated from peripheral blood (IC,, ~ 14013). Moreover,
similar results were obtained using cells from peripheral blood
of healthy donors, where the IC_ values ranged from 32372 to
162109 (data not shown).

Next we quantitatively evaluated and compared the ability
of individual samples of non-adherent hematopoietic cells
isolated from bone marrow specimen of leukemic patients
either at diagnosis or during treatment of the disease. Table 2
shows the patient data, and Fig. 6 summarizes the differences
in IC_ values between controls and patients with malignancy.

50
The non-adherent cells isolated from samples of patients with
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Figure 5. Comparison of COX-2 expression in spheroids after co-cultivation with non-adherent hematopoietic cells isolated from peripheral blood (A)
and from bone marrow (B) of follicular lymphoma patient (# 1). Spheroids prepared from MUF fibroblasts (10* cells/well) were harvested for analysis
after 72 h of co-cultivation with the same numbers of isolated hematopoietic cells as shown in Fig. 1. Lane C represents expression of COX-2 in unin-
fluenced spheroids.
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malignancy showed a mean IC_| value of 20591+5074 cells
whereas the IC, for controls was 9-fold lower at 2284+601 cells
(p<0.01). When comparing the samples obtained at diagnosis
to those obtained after treatment—for example for relapse or
therapy unresponsiveness—their mean IC_ values were 3-fold
higher (290468070 vs. 9600+2850), but remained statistically
not significant due to small sample size.

Discussion

Within the bone marrow stem cell niche, maintenance
of the stem cell pool and production of differentiated blood
cells are controlled by reciprocal signaling between stromal
and hematopoietic cells [1]. These complex and finely tuned
signals may be disrupted by cancerous and precancerous
cells. The malignant cell clone tilts the signaling network to
favour its proliferation, survival, and migration. One of the
manifestations of such altered signaling network is micro-
environmental inflammation that promotes proliferation,
disrupts the maturation sequences, causes cellular activation,
and induces a migratory phenotype [3]. Due to its biological
complexity and multiplex nature, such signaling by malignant
cells is difficult to measure by classical analytical methods.
In order to be able to evaluate alterations or disruptions in
the microenvironmental signal web, a more comprehensive
and repeatable functional model system is required. Such an
analytical system of the hematopoietic cell fraction should use
a live cell sample, it should be sensitive, and it should mimic all
the biological complexity of mesenchymal cell activation.

In this report, our aim was to find out the basic feasibility of
a co-culture method of hematopoietic cells and nemosis-acti-
vated fibroblasts as a functional biological ex vivo platform, and
to evaluate the usefulness of COX-2 induction as a measure of
anti-inflammatory activity of the sample’s hematopoietic cell
fraction. We show here that a routine normal sample of bone
marrow, taken for diagnostic purposes and usually for FACS
analysis, is sufficient for further functional ex vivo analysis
after depletion of the mesenchymal cell fraction by differential
adhesion. The mononuclear cell fraction of the bone marrow
sample is preincubated for 24 h to separate adherent and non-
adherent cells. The hematopoietic (non-adherent) fraction is
then used for further analysis. Co-cultures of hematopoietic
cells and stromal cells have been used to enable hematopoietic
cell maintenance and to mimic the bone marrow microenvi-
ronment. Usually, however, the focus has been on the reactivity
of the hematopoietic fraction [27-35], and not so much on the
opposite direction from hematopoietic cells on stromal cells
[36-38]. We reported previously that the interactions between
leukemic cell lines and fibroblast spheroids induce leukemia
cell growth arrest and differentiation [7]. In our current ap-
proach we used preformed multicellular fibroblast spheroids
as the indicator component to mimic stromal reactivity. We
have previously shown that expression of COX-2 is induced
in spheroids of human fibroblasts [4], and that this cell-to-cell
contact-mediated activation is associated with an increase in
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Figure 6. Summary of IC, values for individual clinical samples. Con-
trol group consists of healthy donors or patients without hematological
malignancy (5 specimens), malignancy after treatment (10 specimens)
and malignancy at diagnosis (13 specimens). Horizontal lines represent
mean, and vertical lines represent the standard error of the mean (SEM)
for each group. * p<0.05, ** p<0.01 between indicated groups, n.s. not
significant.

production of a set of inflammatory modulators [5,7]. This
process, nemosis, has been linked to inflammation [6], and has
been previously used to mimic the stromal reaction in cancer
[7,39,40]. In the current report we utilized the nemosis reactiv-
ity of fibroblasts and COX-2 induction as a sensitive biological
indicator of anti-inflammatory activity of hematopoietic cells
isolated from bone marrow of leukemia patients.

The co-culture setting permits a full range of biological
interplay, including complex paracrine signaling and cell
contacts, to take place. The method evaluates the dose-
dependent effects of hematopoietic bone marrow cells on
COX-2 expression in fibroblast spheroids. We observed high
variability between patients ranging from potent to almost no
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Table 2. Means of IC,  values of individual patients. Samples in the table are categorized according to the type of leukemia. Moreover, we also take into
account if the sample was analysed after treatment or it was a newly diagnosed patient without any treatment (*). The group of control samples, composed

of specimens derived from healthy donors and patients without hematological malignancy, is summarized in the bottom of the table.

Patients with hematological malignancy (*, sampled at diagnosis)

Patient # Male(M)/ Female(F) Age (years) ICD-10 Diagnosis IC,,
1 F 60 C82.0 Follicular lymphoma grade I 2499
2 F 21 C82.0 Follicular lymphoma grade I 9153 *
3 F 42 C82.0 Follicular lymphoma grade I 15 650
4 F 18 C82.0 Follicular lymphoma grade I 32889 *
5 M 58 C82.2 Follicular lymphoma grade III, unspecified 1890 *
6 F 62 C83.0 Small cell B-cell lymphoma 4459
7 M 8 C83.0 Small cell B-cell lymphoma 7525 *
8 M 10 C83.5 Lymphoblastic (diffuse) lymphoma 8023
9 M 6 C83.7 Burkitt lymphoma 2757
10 M 13 C83.9 Non-follicular lymphoma, unspecified 5622 *
11 F 59 C90.0 Multiple myeloma 64123 *
12 M 35 C90.0 Multiple myeloma 91 561 *
13 M 68 C91.0 Acute lymphoblastic leukemia 4791 *
14 F 11 C91.0 Acute lymphoblastic leukemia 30819
15 F 3 C91.0 Acute lymphoblastic leukemia 34931 *
16 F 64 C91.1 Chronic lymphocytic leukemia of B-cell type 46 335 *
17 M 67 CI1.1 Chronic lymphocytic leukemia of B-cell type 61 556 *
18 M 1 C92.0 Acute myeloblastic leukemia 1190
19 F C92.0 Acute myeloblastic leukemia 3731 *
20 M C92.0 Acute myeloblastic leukemia 5516
21 M 30 C92.0 Acute myeloblastic leukemia 9962
22 F 51 C92.0 Acute myeloblastic leukemia 13492 *
23 M 57 C92.0 Acute myeloblastic leukemia 15126
Controls
Control # Male(M)/ Female(F) Age (years) ICD-10 Diagnosis IC,,
Cl1 F 25 Healthy donor 1734
C2 M 21 Healthy donor 1475
C3 F 31 D46.0 Refractory anemia without ring sideroblasts 3109
C4 F 66 D46.0 Refractory anemia without ring sideroblasts 4202
C5 M 6 Rheumatoid arthritis 901

inhibition, suggesting that the method is feasible in detecting
sample property-dependent variations. The inflammatory
activation in nemosis is induced by a 3-dimensional cell cul-
ture setting and utilizes only biological cell-to-cell signaling
without any added external influence. We have shown that
induction of fibroblast nemosis involves both cell-cell and
paracrine interactions. These components are also altered
in leukemic cells due to the disease. Homotypic fibroblast-
to-fibroblast cell-cell interactions have been shown [4, 41]
to be involved in the induction of COX-2 in spheroids. We

have also shown that paracrine signaling, by for example
prostaglandins, can modulate the COX-2 induction [4]. In the
current method, hematopoietic cells are placed in co-culture
with the fibroblast spheroids, and are able to interact both
physically and by soluble signaling. It is thus possible that
heterotypic interactions between hematopoietic/leukemic
cells in the sample and fibroblasts contribute to the modula-
tion of COX-2 induction. Leukemic cells differently express
for example integrins [42], connexins [43], and chemokine
receptors [44] all of which can interfere with the regula-
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tion of homotypic cell-cell contact-induced intracellular
signaling in fibroblasts. Moreover, leukemia cells actively
secrete several paracrine mediators, such as growth factors,
cytokines, microparticles, and exosomes, [45, 46] that can
interfere with the inflammatory COX-2 signal transduction
in fibroblast spheroids.

Future work should address the uniformity and quality
of the sample, because several sample composition-related
aspects may influence its properties. Factors that affect the
sample include patient age, pharmacotherapy, and disease
type. Also technical variation due to location and technique
that is used to harvest the aspirate, initial sample volume,
and waiting time before aspirate is forwarded to the labora-
tory for processing evaluation. On the other hand, it must be
stressed that bone marrow aspiration is a routine technique
in monitoring leukemia patients, and the accompanying data
of FACS analysis can be utilized as further control of sample
uniformity.

Based on our current results and on the feasibility to use
clinical samples for the assay, we propose fibroblast nemosis as
a method for laboratory evaluation and monitoring of leukemia
cells immunomodulatory activity and their ability to modify
inflammatory activation. Fibroblast aggregation involves the
two functional components: cell-cell contacts and paracrine
interactions that may be specifically altered in leukemia. Based
on these similarities, we propose that fibroblast nemosis is
a prospective sensitive laboratory tool for evaluation and moni-
toring of leukemia cells’ ability to modulate inflammation. In
conclusion, our data shows that performing co-culture of bone
marrow hematopoietic cells with human fibroblast spheroids is
feasible in the clinical diagnostic setting, and the biologically-
induced and pathogen-unrelated inflammatory reactivity can
help evaluate the sample’s ability to modulate inflammation.
Because the leukemia-stroma crosstalk in the bone marrow
modulates the normal signaling network to favour leukemogen-
esis, this method can provide useful functional biological data
to complement the diagnosis or assist for selection of treatment
options in specific types of leukemia.
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