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42  Translational relevance:

43  Despite a relationship between immune dysregulation and the course of MDS has been
44  discussed, a detailed understanding of the role of immune cell subpopulations in this disease
45 s still missing. Here, we present results of multiplex analyses of bone marrow samples from
46  patients with myelodysplastic syndrome and secondary acute myeloid leukemia in order to
47  determine the composition of immune cells and their localization in the bone marrow niche.
48  Next to a high inter-tumoral heterogeneity of T and B cell populations and CD34* blasts in MDS
49 and sAML, a distinct spatial distribution of B cells and an altered frequency of T cells were
50 identified in the proximity to CD34* blasts in MDS and sAML independent of the clinical
51 features and genetic alterations of the patients. Altogether, the correlative study suggests that
52 MDS and sAML might have defective stem cell properties.
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56  Comprehensive Cytogenetic Scoring System; CTL, cytotoxic T lymphocyte; dcc, direct cellular
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61  myelodysplastic syndrome; MSC, mesenchymal stem cell; MSI, multispectral imaging; NGS,
62  next generation sequencing; SAML, secondary acute myeloid leukemia; TLR, toll-like receptor;
63 TME, tumor microenvironment; Treg, regulatory T cell; TSA, Tyramide signal amplification;
64  WHO, World Health Organization
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66  Abstract

67 Purpose: Myelodysplastic syndromes (MDS) are caused by a stem cell failure, but the
68  relationship between immune dysregulation and the course of disease has not yet been
69  analyzed in detail.

70 Experimental design: To get insights into the pathophysiologic and clinical relevance of the
71 histotopography of immune cell subpopulations in this process, the immune cell infiltrate with
72  focus on its spatial distribution was determined by multispectral imaging (MSI) in 147 bone
73  marrow biopsies from MDS or secondary acute myeloid leukemia (SAML) patients and healthy
74 controls (HC). In addition, the data were correlated to genetic alterations and clinical features
75  of these patients including therapy response.

76  Results: A high inter-tumoral heterogeneity in the frequency and spatial distribution of
77 CD3*CD8*, CD3*CD8, CD3*FOXP3* T cell subsets, MUM1p*CD3  post-germinal B/plasma
78  cells and CD34* blasts was found in MDS and sAML samples. In HC only few B cells/plasma
79  cells, but no T cell subpopulations were detected in the proximity to CD34* blasts. In contrast,
80 the frequency of these lymphocytes was increased in proximity to CD34* blasts in both MDS
81 and sAML independent of the karyotype, genetic alterations frequently detected in MDS,
82 clinical risk stratification systems or treatment response to hypomethylating agents.
83  Furthermore, an increased frequency of CD3*CD8* T cells and MUM1p* CD3 B cells was
84  found in responders to epigenetic drugs.

85 Conclusions: Thus, we conclude that (i) T cell subsets do not belong to the normal stem cell
86  niche, (ii) the presence of T and B cell subpopulations not directly affect the course of MDS,
87  (iii) lymphocytes in the proximity to CD34* blasts might indicate defective stem cell properties
88 and (iv) the number of lymphocytes is a predictor of therapy response to hypomethylating
89  agents.

90


https://doi.org/10.20944/preprints202009.0280.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2020 d0i:10.20944/preprints202009.0280.v1

91 Introduction
92  Myelodysplastic syndromes (MDS) are heterogeneous clonal hematologic diseases
93 characterized by an ineffective hematopoiesis, one or more lineage dysplasia and peripheral
94  cytopenia (1-3). Multifactorial pathogenic features with diverse cytogenetic, molecular and
95 epigenetic alterations are associated with a variable clinical presentation (4,5). Chronic
9% inflammatory diseases associated with activated immune signaling pathways often precede
97 the clinical manifestation of MDS suggesting an aetiopathogenetic link between chronic
98 immune signaling, impaired stem cell quality and alteration of the stem cell microenvironment
99  (6). There is growing evidence of immune dysregulation during the course of this disease (7,8),
100 such as overexpression of immune-related genes in hematopoietic stem and progenitor cells
101  (HSPC) (9,10). However, the interrelationship between chronic immunologic stimulation and
102 initiation as well as progression of MDS to secondary acute myeloid leukemia (SAML) remains
103  largely unknown. Thus, a connection between immune dysregulation (11-13) and established
104  prognostic parameters, suchas bone marrow (BM) blast count, cytogenetic alterations and the
105  degree of peripheral cytopenia, which are all integrated in the Revised International Prognostic
106  Score System (IPSS-R) (5,14), might contribute to a better understanding of pathogenesis and
107  the consequence of altered immunologic features in this disease.
108 Low risk MDS are related to higher levels of CD8* cytotoxic T lymphocytes (CTL) and lower
109 levels of FoxP3* regulatory T cells (Treg), while the frequency of both CTL and Treg is inversely
110  correlated in high risk MDS (15-19). In addition, deregulated innate immune responses have
111  an important impact on the pathogenesis of MDS (20-22) with a significantly higher somatic
112 hypermutation rate of immunoglobulin heavy chain (IGH) clones in BM cells from del(5g) MDS
113  patients indicating an extended number of antigen experienced B cells (23).
114  Toget in depth insights into the risk dependent deregulation of the immune cell subpopulations
115 in MDS and sAML, a six-color multispectral imaging (MSI) panel was established and the
116  frequency of immune cell subpopulations, their spatial distribution and the probability of the
117  cellular interaction was analyzed in 147 bone marrow biopsies (BMB) from MDS and sAML
118  patients as well as healthy controls (HC) correlated to characteristics.
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Materials and methods

Patient characteristics

Bone marrow biopsies (BMB) collected between 2014 and 2019 at the Medical Faculty of the
Martin-Luther University Halle-Wittenberg, Germany, were part of the routine diagnostic
approach based on screening and/or treating patients within clinical trials. The cohort
comprised BMB of 102 patients divided in 69 MDS patients with different blast counts (without
and with excess of blasts (EB-1-2)) and 33 BMB of SAML patients. All BMB were evaluated
regarding their clinico-pathological characteristics as summarized in Table 1. Further, 45 BMB
from age-matched patients with normal blood cell count and without evidence of myeloid or
lymphoid neoplasia served as HC.

Clinical, laboratory, molecular and cytogenetic data including the CCSS, risk group according
the IPSS-R and treatment data were collected from the medical records. MDS patients were
stratified into the following disease groups: MDS without EB (<5% blasts), MDS with EB-1
(MDS-EB-1, 5-9.9% blasts), MDS with EB-2 (MDS-EB-2, 10-19.9% blasts) and SAML (220%
blasts) based on the cytological blast count. SAML patients were further divided in two groups

characterized by BM blast counts of 20-29.9% and higher than 30%.

Study approval

Informed consent was obtained from all patients and HC for the use of their diagnostic material
for scientific research, which was approved by the Ethical Committee of the Medical Faculty of
the Martin Luther University Halle-Wittenberg, Halle, Germany (2017-81). In addition, the same
Ethical Committee approved the scientific use of formalin fixed and paraffin embedded (FFPE)

samples.

Standard morphological evaluation of the bone marrow
Diagnosis of MDS and sAML with myelodysplasia related changes was performed according
to the diagnostic criteria of the WHO classification of Tumors of Hematopoietic and Lymphoid

tissues, 4" edition 2017 (24).
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To confirm the diagnosis of MDS and sAML, conventional histological and cytological
examination as well as immunohistochemistry (IHC) was performed. Monoclonal antibodies
(mADb) directed against CD34 (clone QBend/10, Labvision, Germany), CD117 (clone CD117,
c-kit A4502, Dako, USA), MPO (clone myeloperoxidase A0398, Dako, USA), lysozyme
(EP134, Epitomics, USA), and CD71 (MRQ-48, Cell Marque, USA) were used according to the

supplier’s instructions.

Multispectral Imaging (MSI)

The frequency, localization and spatial proximity of immune cell subpopulations and CD34*
blasts were analyzed by multispectral imaging (MSI). The staining procedure was performed
as recently described (25,26) using mAb directed against CD34 (QBend, Labvision, Germany,
1:500, pH6), CD3 (Labvision, Germany, clone SP7), CD8 (Abcam, UK, clone SP16), FOXP3
(Abcam, UK, clone 236A/E7), and MUM1p (Dako, USA, cloneMUMLp). Briefly, all primary mAb
were incubated for 30 minutes. Tyramide signal amplification (TSA) visualization was
performed using the Opal seven-color IHC Kit containing fluorophores DAPI, Opal 540, Opal
570, Opal 620, Opal 650, Opal 690 (PerkinElmer Inc., USA). Stained slides were imaged
employing the PerkinElmer Vectra Polaris platform. To unify the spatial distribution analysis
three x20 MSI fields (1872 x 1404 pixel, 0.5 um/pixel) were manually selected on each slide
based on representativeness and tissue size. Since the BMBs showed a high range in quality
and size, areas with preserved architecture were chosen, while hemorrhagic areas and areas
with artificial lacks were excluded. Cell segmentation and phenotyping were performed using
the inForm software (PerkinElmer Inc., USA). The frequency of all immune cell populations
analyzed and the cartographic coordinates of each stained cell type were obtained. The spatial
distribution was analyzed using PerkinElmer inform and R script for immune cell enumeration
and relationship analysis. The performed multiplex staining panel allowed to differentiate the
distinct T cell subpopulations CD3*CD8* T cells, CD3*CD8 T cells and CD3*FOXP3* T cells,
respectively. Due to the limited number of T cell markers only broad T cell subsets were
distinguished: CD3*CD8*T cells were classified as CTL and CD3*FOXP3* T cells as Treg. All
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MUM1p* B cells/plasma cells lack CD3 expression. CD34" blast cells were separated from
CD34* endothelial cells by histomorphology based on their localization and cytological

appearance.

Mutational analysis - targeted Next Generation Sequencing

Targeted mutation analyses were performed by Next Generation Sequencing (NGS; lon
GeneStudio S5 prime, Thermo Fisher Scientific, Waltham, MA, USA) using an AmpliSeq
Custom Panel designed for myeloid disorders comprising hotspot regions in 21 genes (JAK2,
FLT3, STAT3, ASXL1, IDH1, IDH2, SRSF2, SF3B1, U2AF1, SETBP1, MPL, KIT, CBL,
CSF3R, CALR, ETNK1, KRAS, NRAS, HRAS, BRAF, GNAS) and the 10 genes (CEBPA,
RUNX1, IKZF1, DNMT3A, EZH2, ZRSR2, TP53, TET2, NPM1, STAG2). Amplicon library
preparation and semiconductor sequencing was done according to the manufacturers’
manuals using the lon AmpliSeq Library Kit v2.0, the lon Library TagMan Quantitation Kit, the
lon 510 & lon 520 & lon 530 Kit — Chef and the lon 520 Chip Kit (Thermo Fisher Scientific).
Variant calling of non-synonymous somatic variants compared to the human reference
sequence was performed using lon Reporter Software (Thermo Fisher Scientific, Version
5.12.3.0). Variants were filtered with a threshold allele frequency of 5%.

Variants called by the lon Reporter Software were visualized using the Integrative Genomics
Viewer (IGV; Broad Institute, Cambridge, MA; Version 2.5.2) to exclude panel-specific

artefacts.

Statistics and software

Statistical analyses were performed employing IBM SPSS Statistics. Kolmogorov-Smirnov test
revealed non-parametric data (p<0.05). The Mann-Whitney U test was employed to compare
clinical data, frequencies of immune cell subpopulations and their spatial distribution. P values
<0.05 were considered statistically significant.

The figures were generated using the graphpad Prismen 7.0 software.
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204  Results
205  Establishment of the MSI technology on decalcified BMB

206 In order to determine the composition and spatial distribution of immune cell subpopulations in
207  BMB, the MSI technology was first adapted to decalcified FFPE tissue samples. BMB from 45
208 HC as well as 69 MDS and 33 sAML patients were analyzed by simultaneous staining for the
209 markers CD3, CD8, FOXP3, MUMl1p and CD34, combined with nuclear staining using DAPI
210  as representatively shown in Figure 1 a-d. One analyzed MSI field (1872 x 1404 pixel, 0.5
211 pm/pixel) contained a mean of 3495 cells in BMB of HC, 3694 cells in BMB of MDS
212 unseparated for blast count (average 3393 cells in MDS without EB, average 3836 cells in
213  MDS-EB-1, and average 4067 cells in MDS-EB-2) and of 5429 cells in BMB of SAML with a
214  maximum of 9297 cells/MSI field. Within the BMB of HC, the blast counts varied between 0.7-
215  1.8%. Four distinct immune cell subpopulations could be separated: CD3*CD8* T cells,
216 CD3'CD8FOXP3 T cells (T helper cells, and/or NKT cells), CD3*FOXP3* T cells and
217 MUM1p*CD3 post-germinal center B/plasma cells. The frequency of the different immune cell
218  subsets in HC, MDS without EB, EB 1-2 and sAML samples unselected for cytogenetic

219  aberrations or treatment was comparable between the three categories (Figure 3).

220

221  Differences in the frequency and histotopography of immune cell subsets in spatial
222 relationship with CD34" blasts in MDS, sAML and HC

223 Since the MSI technology allows the determination of the spatial distribution between cell
224  populations, the distances between different immune cell subsets and CD34* blasts were
225 analyzed and categorized as (l) direct cellular contact (dcc), (Il) cells within a radius of 10 um,
226 (lli) cells within a radius of 25 um and (IV) cells within a radius of 50 pm (Figure 1e-f).

227  The histotopography of the immune cell subsets demonstrated a complete absence of
228 CD3'FOXP3* T cells within a distance of <25 um (p=0.000) and only very few CD3*CD8*T
229  cells within a 25 pm radius (p=0.000) and from CD34"* blasts, but not in dcc or the 10 um radius

230  were found in all HC (Figure 2 and 3). In addition, the frequency of MUM1p*CD3" B cells in the
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231  proximity of CD34*blasts was significantly lower (p=0.000) for all categories [I-IV] in HC (Figure
232 3).

233 By grouping untreated MDS and sAML patients, a higher frequency of different immune cell
234 subpopulations in proximity to CD34* blasts was detected in the SAML patients. This effect
235  was most pronounced for CD3*CD8* T cells with an average of 0.33 CD3*CD8* T cells within
236 a 10 pm radius around CD34* blasts in SAML and an average of 0.08 CD3*CD8" T cells in
237  MDS samples (p=0.007). Furthermore, an average of 0,25 CD3*FOXP3* T cells was detected
238  within a 10 pm radius around CD34* blasts in SAML samples when compared to an average
239  0f 0.12 CD3*FOXP3* T cells in MDS (p=0.07) (Figure 3).

240

241  Correlation of the frequency and histotopography of immune cell subsets with blast cell
242 count in MDS and sAML

243 To exclude that differences in the inflammatory cell distribution were an effect of BM cellularity,
244  BMB of HC and MDS patients without EB were compared. MDS samples without EB (average
245 3694 cells) presented a comparable BM cellularity to HC (average 3495 cells), but had
246  significantly higher T cell counts in proximity to CD34" cells with 2 CD3*CD8*T cells and 1.5
247 CD3'FOXP3* T cells next to CD34" blasts within the 10 um radius. In contrast, a complete
248  absence of CD3"FOXP3* T cells and only afew CD3*CD8* T cells within a distance of < 25 um
249  to CD34" blasts were found in HC (Figure 2 and 3).

250 Comparing BMB of HC and MDS / sAML patients, only minor differences in the frequencies of
251  respective immune cell subsets were found (Figure 3a), while in contrast to HC the analyses
252  of the spatial distribution of BMB demonstrated immune cell subpopulations in close proximity
253 to CD34" blasts. MDS patients and patients with SAML < 30% blasts had a comparable
254  frequency of CD3*FOXP3* T cells, CD3*CD8* T cells and MUM1p*CD3" B/plasma cells, but
255  the number of CD3*CD8* T cells next to CD34* blasts was slightly increased in SAML < 30%
256  blasts. A significant increase (p=0.022) in CD3*CD8* T cells was found in SAML samples with

257  CD34* blast counts >30% when compared to other disease groups and to HC (Figure 3b-c).

11


https://doi.org/10.20944/preprints202009.0280.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2020

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

Influence of the frequency and histotopography of the immune cell subsets by the
cytogenetic score in MDS

Based on the cytogenetic aberrations in MDS without EB and EB 1-2, patients were classified
according to the CCSS (14) and the respective subgroups were compared (Table 1). The lower
risk subgroup comprised samples with very low and low risk cytogenetic aberrations (CCSS 1-
2), while diseases with intermediate, high, and very high cytogenetic scores were defined as
higher risk subgroup (CCSS 3-5). The frequency of CD3*FOXP3* T cells and MUM1p*CD 3"
B/plasma cells was significantly higher in CCSS high risk cases compared to CCSS low risk
cases (p=0.042; p=0.004; Figure 4a). No significant differences in the frequency of CD3*CD8*
and CD3*CD8 T cells were detected between CCSS low risk, CCSS high risk and HC cases
(Figure 4a). Furthermore, no significant differences in the frequency of T cell and MUM1p*CD 3"
B/plasma cell subpopulations were detected in patients with normal or abnormal karyotypes.
To determine the impact of the CCSS on the composition and the histotopography of the
immune cell repertoire, the spatial proximity of respective phenotypes was calculated for all
four proximity categories demonstrating no significant differences regarding the direct and
close contact of immune cell subsets and CD34* blasts (Figure 4b). However, significant more
MUM1p*CD3 B/plasma cells were detected within a 25 ym radius (p=0.0012) and increased
numbers of CD3*CD8* T cells within the 25 pm radius of the CD34* blasts in the higher risk

subgroup (p=0.099).

Effect of the mutational status in MDS on the frequency and histotopography of the
immune cell subsets

In order to investigate whether structural alterations in MDS samples have an effect on the
immune cell composition of the BM, targeted NGS was carried out on the samples of MDS
(n=28) and sAML (n=10) patients. As shown in Table 2, mutations in the samples were
detected in 10/22 genes analysed in particular in genes involved in the epigenetic regulation,
signal transduction, transcription and DNA repair with the highest frequency of mutations in
TP53 (10/28). The frequency of mutations detected in the MDS patients was heterogeneous

12
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286  varying from five mutations in one to no mutation in three out of 28 patients, while in 50% of
287  MDS patients one mutation was (Table 2).

288  Apart from patients with mutations in genes coding for proteins involved in the signal
289  transduction, that showed increased frequencies of CD3*CD8* T cells (p=0.058) and CD3*
290 FOXP3* T cells (p=0.021) and a slight, but not significantly increased proportion of CD3*CD8
291 T cells in patients with mutations in splicing factors (p=0.053), neither significant differences in
292  the frequency nor in the spatial distribution of the immune cell subpopulations in relation to
293  CD34*blasts were detected. In contrast, in patients harboring one or more mutations in splicing
294  factors, chromatin modification, and DNA methylation, CD3*CD8 T cells and CD3*FOXP3* T
295 cells are more often in close proximity in all distance categories (p=0.017). No significant
296 association of the mutational status and the progression to SAML was detected. However,
297 patients that responded to treatment with hypomethylating agents showed mutations
298  exclusively in IDH1, IDH2, TET2, ASXL1, and SRSF2 and had a lower frequency of TP53
299  mutations (55.0% vs. 80.0%).

300

301 Spatial distribution of immune cell subsets and CD34* blasts in relation to MDS
302 progressionto sAML

303 A possible prognostic value of the immune cell landscape in association with CD34* cells was
304 postulated. Indeed, patients with a higher IPSS-R (intermediate, high and very high risk)
305 showed increased frequencies of CD3*FOXP3* T cells (p=0.004) and MUM1p*CD3- B/plasma
306 cells (p=0.062) in the BM (Figure 4c). Concerning the spatial distribution increased numbers
307 of CD3*FOXP3* T cells within a 10 um radius of CD34* blasts (p=0.05) and CD3*CD8* T cells
308 (p=0.09) were found (Figure 4d). To exclude therapy effects, patients with comparable clinic-
309 pathologic characteristics and neither treatment with HMA nor allogeneic stem cell
310 transplantation were separated into those patients with (n=6) and without (n=29) progress to
311 sSAML in the course of MDS (Table 1). While the mean frequency of T cell subsets was
312 comparable in the two subgroups (Figure 5a), the frequency of MUM1p*CD3" B/plasma cells
313  was significantly higher in patients with disease progression (p=0.033). However, no significant
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314 differences in the spatial distribution of the immune cells in relation to the CD34* blasts as well
315 as to the respective immune cell subsets were found (Figure 5b).

316

317 Prediction of treatment response to hypomethylating agents by the frequency of
318 immune cell subsets and immune cell subpopulations proximity

319 To predict therapy response to hypomethylating agents, patients were divided into responders
320 (n=12) and non-responders (n=5) depending on the blast count in the course of the disease.
321  While the frequency of CD3*T cells (7.7% versus 6.4%) mainly consisting of CD3*CD8 T cells
322 (4,2% versus 2,0%) was higher in patients responding to hypomethylating agents, the number
323 of CD3*CD8* T cells was slightly, but not significantly higher in the group of non-responders
324  (Figure 5c).

325 Responders to hypomethylating therapy exhibited a significant higher frequency of CD3* CD8
326 T cells in the neighborhood of CD3*CD8* T cells (p=0.011) (Figure 5d), which was comparable
327 tothat of HC. Furthermore, significant more MUM1p*CD3" B/plasma cells were found within a
328 25 pm radius of CD3* T cells (p=0.025). No significant differences of the immune cell infiltrates
329 inthe proximity of CD34" blasts were found.

330
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331 Discussion

332  Immune dysregulation plays a key role in MDS and is linked to the disease initiation and
333  progressionto SAML (27,28). So far, most studies analyzed the influence of the innate immune
334 response in MDS and sAML (15), in particular impaired Toll-like receptor (TLR) signaling
335 pathways due to overexpression and/or mutations in related genes and microRNAs (28).
336  Furthermore, a high frequency of mutations in DNMT3A, TET2, and ASXL1 has been identified
337 in MDS and sAML, which influence the innate immune signaling through various mechanisms
338 (29). In contrast, only limited information concerning the adaptive immune system exists,
339 despite its reported activation in the neoplastic stem cell niche of MDS (15). Flow cytometric
340 analyses demonstrated a dynamic immune cell repertoire with a higher frequency of NK cells
341 and CTL in lower risk MDS patients when compared to controls, while an increased Treg
342  frequency was found in high-risk MDS patients (17,19). Since interactions of adaptive immune
343  cells might affect the initiation, progression and therapy response in MDS, in depth analyses
344  of the immune cell subpopulations and their interactions with hematopoietic cells were
345  performed in this study.

346  For characterization of the immune cell composition and the spatial distribution, the MSI
347  technology was modified for the use on decalcified FFPE BMB samples. However, so far there
348 exists no general information, about which spatial distances between immune cell subsets and
349 in relation to tumor cells are of biologically relevance in hematologic malignancies. In solid
350 tumors, a prognostic impact of tumor and immune cell proximity was shown within an
351 intercellular distance of 20 — 30 um (30,31), In this study, most significant differences in the
352 samples analyzed regarding immune cell subsets and blasts were found within a distance of
353 <10 um suggesting a biological relevance.

354  The number of different immune cell subpopulations in relation to the entire BM cells varied in
355 BMB of HC and diseased patients from MDS / sAML. The complete absence of the T cell
356  subsets analysed and a highly significant lower frequency of MUM1p*CD3" B/plasma cells
357 within a radius of <50 pm in samples from HC compared to diseased BMB, could not be
358 explained by a lower BM cellularity in HC underlining the methodological strength and
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359 advantage of the MSI approach in comparison to cytomorphological and/or immunological
360 analysis of fluid BM cells.

361 The complete absence of any T cell subsets in the neighborhood of CD34* cells postulated
362 that these immune cell subpopulations are not common components of the normal HSC niche
363  mainly consisting of mesenchymal cells (32-38). Vice versa, the presence of these immune
364  cell subsets within the CD34* stem cell niche in the BM of MDS and sAML patients indicates
365 a role of these cells in the pathogenesis of these diseases and are in accordance with
366 accumulating evidence identifying the BM microenvironment as a regulator of the neoplastic
367 stem cell pool and key mediator of MDS pathophysiology (33,35,36,38). Based on xenograft
368 models, MDS cells require support from microenvironmental components to propagate
369 disease. Furthermore, MDS-derived mesenchymal stem cells are molecularly distinct from
370 their healthy counterparts in terms of their gene expression profiles (37), in particular of
371 inflammation-associated genes implicated in inhibition of hematopoiesis (39). In addition, MDS
372 initiation is influenced by extrinsic defects of osteoprogenitors with an altered ribosome
373  biogenesis and ribsomopathy including excess of ribosomal-free ribosomal proteins (40). The
374 latter can participate ininnate as well as interferon-y (IFN-y)-mediated inflammatory responses
375 by selectively modulating e.g. the NF-kB target gene expression. Together, these observations
376  postulated an ineffective hematopoiesis and leukemic progression of human MDS exclusively
377  driven by hematopoietic cell autonomous events. However, our study demonstrates alterations
378 in the cellular repertoire of the microenvironment beyond MSC and an interaction of different
379 immune cell subpopulations as important players in the disease process. This is further
380 substantiated by the fact that MDS frequently coexists with inflammatory disorders as
381 rheumatoid arthritis frequently precedes MDS (41,42) and patients with autoimmune disorders
382  or with chronic infections have an increased risk to develop MDS (11-13).

383  Sofar, the association between MDS and common genetic predispositions or pharmacological
384 treatment is controversially discussed. Our study suggests that a local accumulation of
385 inflammatory cells next to CD34* stem cells/progenitors may directly damage BM precursors,
386 and drive malignant transformation. To further determine whether the local accumulation of T
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387  cell subpopulations and MUM1p*CD3- B cells/plasma cells might not only be associated with
388 disease initiation, but also with disease progression, the density of the immune cell subsets
389 from BMB of MDS and sAML patients was correlated to the CD34* blast cell content. Despite
390 a comparable immune cell frequency next to CD34* cells in BMB of patients with MDS EB-0-
391 2 and sAML <30% blast cell count, SAML patients with >30% blast content had significant
392 elevated numbers of CD3*CD8 T cells, CD3*FOXP3* T cells and MUM1p*CD3 B cells next to
393 CD34" blasts, independent of an increased frequency of CD3*FOXP3* T cells in the
394  neighborhood of CD3*CD8 T cells. Although the impact of this specific local immunological
395 landscape remains unclear, SAML with a blast cell count of >20% and <30%, formerly also
396 designated as RAEB-T, display a unique biologic entity with clinical features rather consistent
397  with MDS than with AML (43).

398  Cytogenetic aberrations and frequently occurring mutations with known prognostic value in
399 MDS might lead to the generation of neoantigens with the consecutive generation of antigen-
400 specific immune responses in MDS and sAML. Significant higher levels of CD3*FOXP3* T
401 cells in patients with higher risk cytogenetic aberrations (CCSS score 3-5) were detected,
402  which are associated with the presence of myeloid derived suppressor cells also known to
403  contribute significantly to the dysregulation of immune surveillance in MDS (44). Despite a
404  closer proximity of CD3*CD8 T cells and CD3*FOXP3* T cells in patients with mutations in
405  epigenetic regulators, no significant differences in the spatial distribution of immune cell
406  subpopulations were detectable. Since mostof the mutations identified alter the adaptive rather
407 than the innate immune signaling, we conclude that the presence of T and B subsets in close
408  proximity to CD34* blasts in MDS and sAML is independent of karyotypic and mutational
409 induced neoantigens associated with immune modulatory mechanisms (34,45).

410  Since the frequency of immune cell subsets and their topography within the BM cells might
411  predict the response rate to HMA therapy currently used for the treatment of high-risk MDS or
412  AML patients, the immune cell repertoire was associated with therapy response (46). Inmune-
413  mediated anti-tumoral effects of these drugs were described, suchas an upregulation of tumor-
414  associated antigens and HLA class | molecules, which is accompanied by an altered T and/or
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415  NK cell functionality in vitro and ex vivo (47). Furthermore, patients with an intermediate-2 or
416  high-risk MDS responding to the hypomethylating treatment exhibit fewer Treg upon long-term
417  follow-up compared to Treg frequencies of healthy donors (48). In our study, a higher
418  proportion of CD3* T cells mainly consisting of CD3*CD8 T cells was detected in responders
419 to hypomethylating agents, while the number of CD3*CD8* T cells was slightly, but not
420  significantly higher in the group of non-responders. Patients responding to the hypomethylating
421  therapy exhibited a lower number of CD3*FOXP3* T cells neighboring CD3* T cells or
422 MUM1p*CD3 B/plasmacells and a higher number of CD3*CD8 T cells in the neighborhood of
423 CD3*'CD8' T cells. No significant differences of the immune cell infiltrate in the proximity of
424  CD34" blasts were found. Thus, hypomethylating therapy caused changes within the local BM
425  micromilieu of MDS / sAML patients with T cell interactions in the BMB of therapy responders
426  resembling those of HC. Therefore, hypomethylating agents may actby modifying components
427  of the adaptive immune system regarding the frequency and distribution of immune cells
428 comparable to that in HC. This normalization does not include the stem cell niche, as
429  hypomethylation therapy did not lead to the disappearance of the immune cell subsets in the
430 neighborhood to CD34* stem cells, which is in line with the lack of elimination of the neoplastic
431  clone in MDS and sAML by hypomethylating agents.

432 In conclusion, immune profiling of HSC niches and spatial immune cell interactions by MSI
433  represents a powerful tool for investigating the clinical relevance of the frequency and the
434  spatial distribution of immune cell subsets in healthy BMB, MDS, and sAML. However, further
435 investigations to identify the underlying immune regulatory mechanisms and their importance
436  for the design of potent immunotherapies in MDS and sAML are urgently needed.

437

18


https://doi.org/10.20944/preprints202009.0280.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2020 d0i:10.20944/preprints202009.0280.v1

438  Declarations

439  Ethics approval

440 Informed consent was obtained from all patients and HC for the use of their diagnostic material
441  for scientific research, which was approved by the Ethical Committee of the Medical Faculty of
442  the Martin Luther University Halle-Wittenberg, Halle, Germany (2017-81). In addition, the same

443  Ethical Committee approved the scientific use of FFPE samples.

444  Consentfor publication

445  All authors read the final version of the manuscript and gave their consent for publication.

446

447  Availability of data and material

448  For original data, please contact marcus.bauer@uk-halle.de.

449

450  Authors’ contributions

451 Al authors contributed to the contents and revised the article. M. B., C. V., N. J. and A. R. were
452  responsible for the provision of data. C. W. and B. S. designed the study. M. B. and C. V. did
453  the data analysis, interpreted the data, while M.B., C.V., C.W. and BS wrote the article.

454

19


https://doi.org/10.20944/preprints202009.0280.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2020 d0i:10.20944/preprints202009.0280.v1

455  Tables and figure legends

456  Table 1: Clinico-pathological characteristics and sample specifications in terms of risk
457  factors, treatment, and prognosis

MDS sSAML HC
number of samples 69 33 45
68,9 (47-

age 68,2 (42-86) 82) 59,6 (39-84)

sex male 39 18 24
female 30 15 21

MDS w ithout excess of blasts 22 - -
w ith excess of blasts 1 (EB-1) 26 - -
w ith excess of blasts 2 (EB-2) 21 - -

CCsSs 1 -loss of Y chromosome, del(11q) 7 2 -
2 - normal karyotype, del(5q), del(12p), del(20q) 27 5 -
3 - del(7q), gain of chromosome 8 and 19, isochromosome
17q 17 3 -
4 - gain of chromosome 3 and 7, complex (>2) 1 2 -
5 - complex (>3) 17 9 -

IPSS-R 1 -very low risk 2 - -
2 - low risk 6 - -
3 - intermediate risk 20 - -
4 - high risk 26 - -
5 - very high risk 15 - -

patients without therapy (neither allogeneic stemm cell transplantation nor

HMA treatment) 35

patients with prior treatmentwith HMA 17 6 -

patients withMDSwithtreatment responseto HMA 12 - -

patients thatreceived allogeneic stem cell transplantation 23 9 -

MDS with further progress to sAML 18 - -

458
459
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460 Table 1. Landscape of mutations frequently detected and prognostic relevantin MDS
461 and correlated to progressto sAML

462  Detected mutations are marked with asterisks (*). Twenty eight samples of patients with MDS
463  were analyzed by targeted NGS as described in materials and methods. The frequency of
464  mutations is shown as numbers and percentage. The mutations are shown in correlation to the
465  cytogenetic aberrations using the Comprehensive Cytogenetic Scoring System (CCSS), the
466  blast count shown as percentage, and the Revised International Prognostic Scoring System

467 (R-IPSS) risk groups (1 — very low).

468
patient numbers 1 2 3 45 6 7 8 9 10111213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
function gene (n/%)
cohesin STAG2 0/0.0
DNA repair  TP53 10/35.7 = * ol - Bl - * * = *
chromatin  ASXL1 03102007 * B ¢
modification EZH2 02.07.2001 = *
DNA DNMT3A 02.07.2001 -
methylation /DH1 01.03.2006 *
IDH?2 02.07.2001 * *
TET2 03.10.2007 * = *
RNA splicing SRSF2 0207.2001 = *
SF3B1 01.03.2006 -
U2AF1 0/0.0
signal ZRSR2 0/0.0
transduction BRAF 01.03.2006 w
CALR 0/0.0
CBL 02.07.2001 * =
ETKN1 0/0.0
CSFR3 0/0.0
FLT3 01.03.2006 x
GNAS 0/0.0
HRAS 0/0.0
JAK2 02.07.2001 . =
KIT 0/0.0
KRAS 0/0.0
MPL 0/0.0
NRAS 0/0.0
STAT3 0/0.0
transcription CEBPA 01.03.2006 *
factors IKZF1 0/0.0
NPM1 01.03.2006 *
SETBP1 03.10.2007 - * =
RUNX1 01.05.2000
total number of mutations/patient o 21111201111 311314121100 30 3 1
CCSS 2026223812256 55281388 382138150851 3051 288 3
blast count (%) 4 37114 7 4 3 3148 3 7 8 9 7 4 4 4 4 9 1817 8 1119 14 16
IPSS-R group 2 3 4 2 3 4 4 3 1555 5 2 4 4 3 4 3 4555 35 5 405
469 progress to SAML no no NO No NG No NG N0 NO NO NO NO NO NO N0 NO NO NO NOyesyesyesyesyesyesyesyesyes
470
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CD8 FOXP3

472  Figure 1. Multicolor analysis of BM biopsies performing MSI

473  All samples were stained with a six-color panel employing the antibodies CD34 (red), CD3
474  (pink), CDS8 (yellow), FOXP3 (turquoise), MUM1p (orange) and DAPI counterstaining (blue).
475  (A) MDS with multilineage dysplasia without excess of blasts. (B) MDS with excess of blasts 1
476  (MDS-EB-1). (C) MDS with excess of blasts 2 (MDS-EB-2). (D) Secondary AML with a blast
477  content >30% and myelodysplasia related changes. (E) Intercellular distance algorithm with
478  four applied categories: direct intercellular contact (i), cells within a radius of 10 pm (ii), 25 pm
479 (i) and 50 pm (iv).

480
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481
482  Figure 2: Frequency and the spatial distribution of the respective immune cells analyzed
483  in HC (n=45), MDS (n=69), and sAML (n=33)

484  The frequencies of CD3*CD8* T cells, CD3*CD8 T cells, CD3*FOXP3* T cells, and
485 MUM1p*CD3 B/plasmacells and the spatial distribution of these immune cell subsets to each
486  other and to the CD34* blasts (CD34" blasts in relation (>) to CD3*FOXP3* T cells, CD3*CD8"
487 T cells, MUM1p*CD3 B/plasmacells; CD3*FOXP3*T cells in relation (>) to CD3*CD8* T cells,
488 to CD3*CD8 T cells MUM1p*CD3  B/plasma cells, and CD3*CD8 T cells in relation (>) to
489 MUM1p*CD3 B/plasmacells and CD3*CD8T cells) are represented in a heat map. All spatial
490 relations are depicted in direct cellular contact (dcc), the 10 um, and the 25 pum radius. The
491 number of cells in a certain spatial category or the frequency of the immune cells are color-
492  coded, in which white/light grey codes for lowest value, blue codes for average value, and light

493  red codes for highest value of immune cell subsets. Most remarkable is the presence of only
23
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494  few B/plasmacells and no T cell subpopulations in proximity to CD34* blasts in HC, while the
495 frequency of these immune cell subpopulations is not significantly lower within the bone
496  marrow of MDS compared to SAML samples.

497
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Figure 3: Composition of the immune cell infiltrate with respect to the blast cell count
in MDS, and sAML

(A) Evaluation of the frequency of CD3* T cells, CD3*CD8* T-cells, CD3'CD8 T cells,
CD3*FOXP3* T cells, and MUM1p*CD3" B/plasmacells as a function of CD34"* blast frequency
in BMBs of untreated MDS and sAML patients compared with HCs revealed a significantly
elevated frequency of MUM1p*CD3  B/plasma cells in AML cases with >30% CD34* blasts
when compared to all other diseased patients. When evaluating the spatial composition by
analysis of the different intercellular distances including direct intercellular contact [i],
intercellular distance of 10 um [ii], 25 um [iii] and 50 um [iv] the most significant differences
were seen considering the distance of 10 pm [ii]. Data are shown for the parameters direct
intercellular contact (B) and intercellular distance of 10 um (C). Both, CD3*FOXP3* and
CD3'CD8 T cells were significantly more frequent in the AML cases with >30% blasts
compared to all other groups. In addition, the frequency of these cells in neighborhood of
CD34* cells was significantly higher when compared to healthy controls and stable within the
MDS subgroups and the AML cases with <30% blasts. Also, a significant higher frequency of
MUML1p*CD3 B/plasma cells was seen in the group of AML cases >30% and also in the AML
20-30% blast group.
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Figure 4: Altered composition of the immune cell infiltrate and bone marrow blasts in

MDS/sAML depending on the karyotype and the IPSS-R due to immune cell subset
frequencies, and spatial distribution

(A) Higher risk cytogenetic aberrations were connected to significantly increased levels of
MUML1p*CD3" post—germinal center B cells / plasma cells and CD3*FOXP3* T cells. Spatial
analysis data for CCSS high versus CCSS low untreated MDS specimen regarding (B) cells
within a radius of 10 um [ii] revealed no significant differences concerning the CCSS high
versus CCSS low prognostic group. (C) Higher IPSS-R risk group (intermediate, high, and very
high risk) showed significantly increased levels of CD3*FOXP3* T cells and slightly increased
numbers of MUM1p*CD3" B/plasma cells. (D) Spatial analysis data for IPSS-R high versus

IPSS-R low untreated MDS specimen regarding cells within a radius of 10 pm revealed no
significant differences.
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531

532  Figure 5: Altered composition of the immune cell infiltrate with the clinical course of
533 MDSin untreated patients and patients that received HMAtreatment

534  Tukey plots of (A) subpopulation frequencies in untreated patients as well as their spatial
535 distribution regarding (B) the 10 pm radius [ii] are shown and revealed no significant
536 differences. (C) In MDS samples of patients that received prior HMA treatment, patients with
537 treatment response showed significantly increased numbers of CD3*CD8* T cells in the BM.
538 (D) In this patient subgroup significantly more T cell subsets and MUM1p*CD3" B/plasma cells
539 are located in close proximity within the 10 um radius compared to patients in whom HMA
540 treatment failed.
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