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CD200 in acute myeloid leukemia: marked 2
upregulation in CEBPA biallelic mutated cases
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Abstract

CD200 is a glycoprotein that binds with its receptor CD200R, providing immunosuppressive signals to T and
NK cells. CD200 is expressed by normal stem cells and progenitors committed to B-lymphopoiesis and myeloid
development. CD200 biological relevance in acute leukemias is only partially understood.

The study included a consecutive series of four hundred thirty-one patients with acute myeloid leukemia (AML).
Immunophenotype was established by multiparametric flow cytometry, and the genetic diagnosis was performed
by PCR-based methods and a targeted resequencing method covering 42 genes.

66% of AML patients expressed CD200 being significantly associated with CD34 reactivity. The frequency of
CD200 positivity was higher in cases with core-binding factor genetic lesions such as RUNXT-RUNXTTT (81.3%)
fusions and CBFB-MHY11 (63.2%) rearrangements and also with biallelic CEBPA mutations (100%). The molecular
AML group with the lowest CD200 reactivity (19.1%) corresponded to AML with NPMT mutations. RNA seq showed
no uniform pattern of infiltrating cells in CEBPA mutated AML. Deconvolution analysis may be used to assess the
immunoregulatory mechanisms of AML.

CD200 expression could help identify the more immature compartment and, combined with other markers,
single out CEPA-mutated AML.

Keywords CD200, Acute myeloid leukemia- RUNXT, CEBPA -NPMT, FLT3

*Correspondence: *Bioniformatics Unit (BU), MARData, Hospital del Mar Research Institute
Josep F. Nomdedéu (HMRIB), Barcelona, Spain

jnomdedeu@santpau.cat ®Hematology Department, Hospital Germans Trias i Pujol. ICO Badalona.
'Department of Hematology, Hospital de la Santa Creu i Sant Pau. Institut Josep Carreras, Badalona, Spain

Universitat Autonoma de Barcelona. IIB Sant Pau, Institut Josep Carreras, "Hematology Department, Hospital de Son Llatzer, Palma de Mallorca,
Sant Quinti, 89, Barcelona 08041, Spain Spain

’Unitat d’Hematopatologia, Servei d’Anatomia Patoldgica, Hospital Clinic. 8Hematology Department, Hospital de Son Espases, Palma de Mallorca,
IDIBAPS, Barcelona, Spain Spain

*Laboratori Hematologia. Hospital Dr. Josep Trueta. ICO Girona, Girona, “Servei Hematologia, Hospital Universitari Arnau de Vilanova, Lleida, Spain
Spain 1% aboratorio de Hematologia. Hospital Clinico de Valencia, Universidad
“Epidemiology Department, Hospital de la Santa Creu i Sant Pau, de Valencia, Valencia, Spain

Barcelona, Spain "Clinical Hematology Department, ICO-Hospital Duran i Reynals. Institut

d'Investigacié Biomédica de Bellvitge (IDIBELL), Barcelona, Spain

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long as you
give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if you modified the

licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. The images or
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the
material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http:/creati
vecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s13000-025-01655-w&domain=pdf&date_stamp=2025-4-29

Gonzalez-Guerrero et al. Diagnostic Pathology (2025) 20:56

Introduction

Acute myeloid leukemia (AML) is a heterogeneous
group of neoplastic disorders arising from malignant
hematopoietic progenitors’ malignant transformation. It
accounts for almost 10% of all cancers. AML diagnosis is
based on morphology, flow cytometry, immunopheno-
typing, and genetic analysis. Those techniques are com-
bined to set the proper diagnosis and treatment [1-2].

AML is sustained by a minor population of leukemia
stem cells (LSCs) characterized by self-renewal capacity,
immunologic privilege, and resistance to apoptosis. LSCs
in AML patients may be genetically, immunophenotypi-
cally, and functionally heterogeneous [3]. Treatments
should be addressed to eliminate the LSC population.
Some immunophenotypic studies suggested that LSC
may be found within the CD34 + and CD34- fractions [4].
Further phenotypic delineation of the LSC cells could be
clinically helpful.

The discovery of immune checkpoints and their inhibi-
tion is a recently developed modality for AML treatment.
T-cell immunoglobulin mucin-3 (TIM3), expressed on
the surface of LSCs, is involved in AML progression.
TIM3 binding by Galectin-9 inhibits the AML cell-killing
activity by NK and activates different cellular survival
pathways [5-8]. The CD200 antigen is gaining impor-
tance in the diagnosis and prognosis of AML because
it has been suggested that it may behave like TIM3 [9].
CD200 is a type-I membrane glycoprotein that con-
tains two extracellular domains: a transmembrane and
a cytoplasmic domain [10]. This protein is expressed in
immune cells, endothelial cells, neurons, and normal
hematopoietic stem cells (HSCs). CD200 binds with its
receptor CD200R on T- and B- and myeloid cells, provid-
ing immunosuppressive signals [11-13]. CD200 is over-
expressed in various solid and hematologic neoplasms,
as in the surface of LSCs in AML [14]. It has been sug-
gested that CD200 could promote the growth of the more
immature leukemic cell compartment [15-18]. CD200 is
also expressed by chronic lymphocytic leukemia (CLL)
cells, and its analysis is gaining acceptance as one key
marker to differentiate CLL from mantle-cell lymphoma
[19-21].

This study investigates the pattern of CD200 expression
in patients with AML and establishes phenotypic and
genetic correlations.

Patients and methods

Patients

This study included 431 patients diagnosed with AML
based on standard WHO criteria 2017 [22], from 2017 to
2020, at the Hospital de la Santa Creu I Sant Pau in Bar-
celona. Patients referred to flow cytometry and molecu-
lar analysis were included in this series.
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In an additional series, 60 adult AML diagnosed from
the Hospital de la Santa Creu I Sant Pau were enrolled in
the study to perform RNA analysis and gene expression
by RT-PCR. Cases were categorized into different groups
according to the molecular lesions as follows: Group 1
(t(8,21), n=6); group 2 (inv(16), n=6); group 3 (CEBPA-
m, n=8), group 4 (NPMI-m, n=20); group 5 (Other
AML, n=20). Two normal bone marrow samples were
used as calibrator samples.

An additional series of 13 AML cases with biallelic
CEBPA were used for RNA seq (Suppl. Table 1).

Flow cytometry analysis

Sample preparation

Immunophenotyping studies were performed upon diag-
nosis of erythrocyte-lysed bone marrow samples upon
staining with monoclonal antibodies (MoAbs) directly
conjugated with fluorochromes. Antigenic expression
of leukemic cells was analyzed by four-color multipa-
rametric flow cytometry; fluorescein isothiocyanate
(FITC), phycoerythrin (PE), peridinin-chlorophyll pro-
tein (PerCP) or peridinin chlorophyll protein-Cyanine5.5
(PerCP-Cy5.5) and allophycocyanin (APC), in combina-
tion with MoAbs as follows: CD15/CD34/CD45/HLA-
DR, CD10/CD20/CD34/ CD19, CD2/CD33/CD45/
CD34, CD7/CD117/CD45/CD34, CD66/CD13/CD64/
CD45, CD36/CD56/CD45/HLA-DR, CD14/CD123/
CD45/CD34, CD36/Glycophorin A/CD45/HLA-DR,
CD71/CD200/CD45/CD34, myeloperoxidase (MPO)/
CD79a/CD3/CD34, TdT/MPO/CD45/CD34 and lyso-
zyme/lactoferrin/CD45/CD34, CD2/CD4/CD8/CD3,
CD34/CD117/CD45/HLA-DR and CD38/CD33/CD45/
CD34.

The MoAbs used in the study were (antibody clone,
conjugated fluorochrome): TdT (HT-6 FITC), CD117
(10402 PE), MPO (MPO-7 FITC and PE), CD45 (H130
PerCP and PerCP-Cy5.5), CD71 (Be-Tq FITC), CD20
(B-Lyl PE), CD79a (HM57 PE) from DAKO, Glostrup,
Denmark; CD66 (GI55-228 FITC), CD64 (MOPC-21
PerCP-Cy5.5), CD19 (TB28.2 PerCP-Cy5.5), CD34 (8G12
FITC, PE and Per-CP-Cy5.5), HLA-DR (L243 PerCP-
Cy5.5), CD10 (WS8E7 FITC), CD2 (S5.2 FITC), CD33
(P67.6 PE), CD7 (4H9 FITC), CD13 (L138 PE), CD14
(MOP9 FITC), CD3 (SK7 PerCP and PerCP-Cy5.5), CD4
(SK4 FITC), CD56 (MY31 PE), CD15 (MMA FITC),
CD123 (MOPC-21 PE), CD8 (SK1 PerCP), GA (GAR-1
PE), CD200 (MRC OX-104 PE), Lysozyme (EC 3.2.1
FITC), Lactoferrin (4C5 PE), CD38 (HB7 FITC) and
CD36 (CB38 FITC) purchased from Becton Dickinson,
San José, CA, USA (BDIS).

Data acquisition and analysis
Leukemic cells were acquired and analyzed on a FACS-
Calibur flow cytometer (Becton Dickinson, San Jose, CA,
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USA). We measured at least 10.000 events/tube. We used
Infinicyt 2.0 software (Cytognos SL, Salamanca, Spain).
We removed nonviable cells, doublets, and debris. Blasts
were then identified based on CD45 + dim/low SSC prop-
erties. We determined the percentage of positive cells and
the mean fluorescence intensity (MFI) values for CD200
and the rest of the antigens within the blast cell gate for
each case. The positivity threshold was set at 20% except
for CD117, MPO, TdT, and CD79a, for which a 10% value

Page 3 of 13

was used [19, 23]. We differentiated the threshold posi-
tivity of CD200 into 3 groups dependent on the percent-
age of CD200 expression: Pattern 0 or negative (0-20%),
Pattern 1 or partially positive (20-50%), and Pattern 2 or
fully positive (>50%) corresponded to a homogeneous
CD200 + cell population. P1 and P2 being positive cases
with a progressive increase in the MFI and a simultane-
ous loss of negative cells (Fig. 1).
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Fig. 1 CD200 positivity patterns. Arbitrary positivity patterns were established based on the presence of negative cells and MFI. Pattern 0 or negative
(P0) 0-20% expression of CD200 in blast CD45 + gate; Pattern 1 or partially positive (P1) 20-50% expression of CD200; Pattern 2 or fully positive (P2) > 50%
expression of CD200
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Table 1 Markers associated with CD200 expression in AML

Positive cases/total Correlation p-value
cases coefficient with
MFI+SD* CD200 MFI

CD34+ 127/431 0.650 <0.001
166.7£147.1

HLA-DR+ 208/431 0.502 <0.001
13129+13214

CD13+ 203/431 0492 <0.001
21715464

D17+ 255/431 0.488 <0.001
122.4+90.5

CD71+ 202/431 0456 <0.001
550+£1179

CD123+ 238/431 0428 <0.001
127.8+1084

CD38+ 205/431 0402 <0.001
487+357

AML, acute myeloid leukemia; *MFI+SD, mean MFI of each marker in positive
cases+Standard derivation. MFI, mean fluorescence intensity. CD15+, CD7+,
CD36+, CD64+, and CD33+also showed statistically significant correlations;
however, their correlation coefficients with CD200 MFI were all below 0.4

Gene sequencing using NGS

Next-generation sequencing of 42 genes was performed
with a customized panel using HaloPlexHS (Agilent
Technologies®) and MiSeq platform (Illumina®). Library
preparation and sequencing were performed according
to the manufacturer’s instructions. The median reading
depth was around 1000x, and the medium variant allele
frequency (VAF) for variants was 5%. Only variants with
aread depth > 100x and a minimum of 25 reads were ana-
lyzed. Pathogenic variants were classified using Varsome,
COSMIC, ClinVar, PolyPhen2, and SIFT.

Real-time PCR

Total RNA was extracted from bone marrow or periph-
eral blood samples. One pg of RNA was retrotranscribed
in a total reaction volume of 20 pl. Samples were incu-
bated for 2 min at 37°C, 10 min at 25°C, 50 min at 37°C,
and 15 min at 70°C.

Meis1, HoxA9, and CD200 gene expression were moni-
tored by quantitative real-time RT-PCR using the Assays
on Demands on a QuantStudio 5 (Applied Biosystems,
Foster City, CA, USA) and calculated using the DDCT
method. PCR reactions were set up in MicroAmp optical
96-well reaction plates. After 2 min at 50°C and 10 min
at 95°C, the amplification was carried out by 40 cycles at
95°C for 15 s and 60°C for 60 s. Each sample was ana-
lyzed in duplicate and normalized to the ABL levels, and
a mix of two normal bone marrow samples was used as a
calibrator.

RNA-Seq

cDNA was sequenced using the Illumina platform,
obtaining ~ 34 to 46 million 75 bp paired-end reads per
sample. Adapter sequences were trimmed with Trim
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Table 2 CD200 expression is strongly associated with core-
binding factor AML, CEBPA and RUNX1 mutations

N=431 CD200 expression %Positive cases  p-value
PO P1 P2
N N N
FLT3 86 35 17 37.6% ns
NPM1 118 21 7 19.1% <0.001
RUNX1 21 15 10 54.3% <0.05
RUNX1/RUNX1TT 3 11 2 81.3% <0.001
CBFB-MYH11 7 12 0 63.2% <0.001
IDH1/2 58 18 6 29.3% ns
Biallelic CEBPA 0 4 4 100% <0.001
KMT2A 15 7 2 37.5% ns
TP53 22 6 1 24.1% ns
DAT
DNMT3A 82 20 7 24.8% ns
TET2 33 1 9 37.8% ns
ASXL1/2 41 17 7 36.9% ns
Spliceosome
SF3B1 5 3 2 50.0% ns
SRSF2 20 6 2 28.6% ns
U2AF1 10 0 2 16.7% ns
ZRSR2 4 3 0 42.9% ns
WT1 15 9 4 46.4% ns
GATA2 5 5 4 64.2% <0.05
ETV6 1 3 2 83.3% <0.05
PHF6 3 1 3 57.1% <0.05
ZBTZ7A 3 6 1 70.0% <0.05
Other alterations 219 73 26 31.1% ns
No mutations 20 5 0 20.0% ns

AML, acute myeloid leukemia; PO, pattern 0=CD200 negative; P1, pattern
1=CD200 positive; P2, pattern 2=CD200 strong positive; DAT, DNMT3A, ASXL
and TET2; ns, not significant. % CD200 positivity, included P2 and P3. No genetic
data: 39 cases. Other alterations included: BCR-ABL1 (5), monoallelic CEBPA
(12), TP53 (29), C-MYC (7), PTPN11 (25), RAD21 (16), CSF3R (10), CALR (5), NRAS
(38), PML-RARA (5), CBL (12), KIT (18), NF1 (20), EZH6 (10), JAK2 (11), ANKRD26
(12), KDM6A (11), BCOR (21), DDX41 (8), PPM1D (6), MPL (6), SMC1A (7), KRAS (20),
SETBP1 (1) and BRAF (3)

Galore v.0.4.4. Raw sequencing reads in the fastq files
were mapped with STAR (v.2.7.8) [24]. Gencode release
41 based on the GRCh38.p13 reference genome and
the corresponding GTF file. The table of counts was
obtained with feature Counts function in the package
subread (v.2.0.3) [25]. Genes having more than 10 counts
in 11 or more samples were kept to filter out lowly-
expressed genes considering all samples (CEBPA and
CEBPA_control).

Immune cell deconvolution was performed over the
13 AML cases with biallelic CEBPA with the CIBER-
SORT tool using as a reference the LM22 signature.
CIBERSORTx was run with setting the permutations
to 100. Expression data was imputed using TPMs con-
sidering all genes. Deconvolution was also performed
over The Cancer Genome Atlas (TCGA) and BEAT2.0
cohorts. TCGA data was downloaded from cBioPor-
tal [26-28], specifically, mRNA RSEM expression data
from Acute Myeloid Leukemia (TCGA, PanCancer Atlas)
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Fig. 2 CD200 expression in AML with CBF genetic lesions. Immunophenotype from one AML patient with a RUNX1/RUNX1T1 rearrangement (UPN 213)
which is associated with P1 (partially positive), expressed 44.18% CD200-positive cells. Red: Leukemic cells expressing CD200

was retrieved (7 =173). CEBPA mutation status was also
retrieved com cBioportal. Any CEBPA status other than
“No alterations” was considered as CEBPA-mutated.
RSEM and mutation data merged led to a total of n=166
samples. BEAT2.0 data was downloaded from Beat AML
2.0 project [29]. Specifically, normalized expression and
clinical data were used. Only patients with expression
data were used for the analysis (n=671). CEBPA Bial-
lelic variable (status “bi”) was used to classify 19 patients
as CEBPA mutated. CD200 expression was compared
between CEBPA-mutated and CEBPA WT patients (Wil-
coxon test). To study differences of cell type abundances
between CEBPA-mutated and CEBPA WT a meta-analy-
sis of the two cohorts was performed with the meta pack-
age in R (v6.2.1) using a random effects model using the
mean difference as summary measure. P-values of the
overall random effects models are reported for each cell
type.

Weighted correlation network analysis (WGCNA)
package (v.1.72-5) [30] was employed to identify clusters

(modules) of highly correlated genes using the log2(CPM)
for the CEBPA mutated samples. These modules were
subsequently correlated with CD200 expression and
CEBPA status (either mutated or control) respectively.
The top 5000 most variable genes were used for the anal-
ysis. CD200 was added to the 5000 most variable genes as
it was a gene of interest.

Gene network plots were constructed using the igraph
package (v.1.6.0). Spearman’s correlation was utilized
to generate correlation matrices from the log2(CPM)
expression values obtained from CEBPA patients (n=13)
and CEBPA_control patients (n=11) independently.
The analysis focused on genes within modules identi-
fied through WGCNA analysis that exhibited statisti-
cally significant correlations with CD200 expression
(n=903) solely in CEBPA patients. Additionally, CD200,
CD200R1, and the downstream genes DOK2 and RASA1
from the CD200-CD200R pathway were included in the
correlation analysis, despite not being part of the iden-
tified modules [18], resulting in a total of 907 genes. A
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Fig. 3 CD200 expression in AML with CBF genetic lesions. Immunophenotype obtained from one AML patient with a CBFB-MYH11 rearrangement (UPN:
347) which is associated with P1 (partially positive), expressed 28.53% CD200-positive cells. Red: Leukemic cells expressing CD200

correlation threshold of 0.75 was defined encompassing
all genes. Only vertices (genes) connected to CD200 and/
or CD200R1 were retained for visualization. Analyses
were performed under R version 4.2.1.

Statistical methods

The Student’s t-test compared quantitative variables, and
categorical variables were compared using Chi-square
(X2) or Fisher’s exact test. Spearman coefficient correla-
tion was performed to analyze markers related to CD200
with Bonferroni correction for multiple comparisons.
Analysis was carried out using the statistical package
(IBM Corp. Released 2019. IBM SPSS Statistics for Win-
dows, Version 26.0. Armonk, NY: IBM Corp.). The One-
way ANOVA followed by the Tukey HSP post-hoc test
was employed to compare the gene expression levels.

Results

Immunophenotypic findings

66% of patients with AML expressed CD200. The immu-
nophenotype analysis of the 431 cases showed that
CD200 antigen was significantly associated whit CD34,
CD117, HLA-DR, CD33, CD123, CD15, CD7, CD71,
CD38, CD13 with a p-value<0.001, and with CD36 and
CD64 with a p-value <0.05 (Table 1).

Next, we tried to establish correlations between CD200
positivity and genetic lesions in the AML group. (Table 2
and Suppl. Figure 1.1-1.5).

The strongest correlation corresponded to chimeric
fusions at RUNXI1/RUNXIT1 and CBFB-MYHII and
biallelic CEBPA mutations. Other mutations commonly
associated with these categories, such as genetic lesions
in RUNXI1, GATA2, PHF6, ETV6, and ZBTB7A, were
also associated with CD200 expression with p-values of
<0.05.
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Fig. 4 CD200 expression in AML with biallelic CEBPA mutation. Immunophenotype from one AML patient with biallelic CEBPA mutation (UPN: 102;
€.68delC // P23fsX137) which is associated with P2 (fully positive), expressed 80.08% CD200-positive cells. Red: Leukemic cells expressing CD200

Thirteen out of 16 patients with the RUNX1/RUNXITI
rearrangement were CD200+, with a predominant pat-
tern 1 of CD200 expression. Moreover, 56% were CD34+,
87% were HLA-DR+, 75% CD33+, 93% were CD117+,
62% were CD15, four cases were CD56 +and only 1 case
was CD7 + and CD36+ (Fig. 2).

Most CBFB-MYHI11 cases (12/19) were also CD200+,
most having a pattern 1. 63% of the cases with CBFB-
MYH11 were HLA-DR +and CD33+, 73% were CD117+,
52% were CD15+, seven cases were CD34+, four cases
were CD36+, and two cases were CD7+. No single case
was CD56+ (Fig. 3).

All the AML cases with biallelic CEBPA mutations
showed positivity of CD200+, four with a pattern 1, and
the remaining 4 cases with a pattern 2. All eight cases
also highly expressed HLA-DR, CD33, and CD117. CD?7
was expressed in seven of the eight samples. CD15 and
CD34 were expressed in six of the eight samples. Two
samples expressed CD36, and only one expressed CD15.
The presence of CD200 was correlated with CD117,

CD33, CD15, HLA-DR (p<0.001) and CD7 (p<0.05)
(Fig. 4 and Suppl. Figure 2.1-2.7).

The lowest CD200 reactivity was found in the NPMI
group, with only 19.1% showing CD200 positivity.
Most NPM1 mutated cases were also CD34- but it has
been suggested that those cases with CD34 + positivity
may represent a subgroup with a larger LSC compart-
ment given that CD34+NPM1 +cells can repopulate

Table 3 Bone marrow lymphoid ratios and leukemic CD200
positivity

N=486 Correlation p-value

coefficient with

CD200
CD4/CD8 -0.172 <0.001
>1 357/486
<1 132/486
NK -0.150 <0.001
>10% (High NK) 467/486
<10% (Low NK) 22/486
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immunodeficient mice [31]. NPMI+AML cases with
high FLT3-ITD allelic ratios expressed more commonly
CD34 and CD200 than the remaining NPMI1 AML
(Suppl. Table 2).

We assessed the lymphoid marrow populations using
CD2, CD3, CD4, and CD8. If the CD4/CD8 ratio was > 1,
we assumed a helper predominance, whereas cases with
less than <1 were considered cytotoxic dominant. The
difference between CD2 and CD3 estimated the presence
of Natural Killer (NK) cells. Most patients had more than
10% of CD2+CD3-lymphocytes in the bone marrow.
Leukemic CD200 expression was correlated with a lower
percentage of T-Helper and NK lymphoid cells (Table 3),
as it could be the case of an active immunosuppression
mediated by the CD200-CD220R loop.

RNA analysis
CD200 expression was significantly higher in the t(8,21),
inv(16) and CEBPA-m group than in NPM1-m and Other
AML (p<0.001 and p<0.05 respectively, (Fig. 5). Down-
regulation of Meisl and HoxA9 expression in t(8,21),
inv(16) and CEBPA-m group compared with NPMI-m
and Other AML groups supports the observed findings
on gene expression analysis (Suppl. Figure 3.1-3.2).

We were interested in the lymphoid populations
observed in AML cases with CEBPA mutations, given

that this category typically overexpresses CD200.
Indeed, CD200 expression was higher in CEBPA-
mutated patients than WT in external cohorts (Fig. 6A).
We applied deconvolution protocols to investigate the
immune cells present in CEBPA-mutated AML cases and
in TCGA-LAML and BEAT data (Fig. 6B). Deconvolution
showed similar overall cell type composition between
cohorts. Cell abundances were compared between
CEBPA-mutated and CEBPA WT patients performing
a meta-analysis of both cohorts. Our CEBPA-mutated
AML cases were not included in this comparison as no
WT group was available. Random effect models showed
statistical differences between CEBPA-mutated and WT
patients of B cells memory (p=3.53e-5) and dendritic
cells activated (p=0.0117) proportions. B cells naive
(p=0.0867) and monocytes (p = 0.074) showed a trend for
significance (Fig. 6C and Suppl. Figure 4.1). Interestingly,
CD200 expression correlated with B cells naive abun-
dance only in WT patients (TCGA R=0.3, p=0.00018,
BEAT R=0.26, p=9.1e-12) whereas it correlated with
B cells memory only in CEBPA mutated patients (TCGA
R=0.57, p=0.067; R=0.38, p=0.11) (Fig. 6D). CD200
expression correlation with dendritic cells was weak
(TCGA R=0.2, p=0.013, BEAT R=-0.062, p=0.12)
and monocytes showed a negative correlation in WT
patients (Suppl. Figure 4.2). Despite not establishing a
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Fig. 6 Immune cell deconvolution of AML biallelic CEBPA patients, TCGA-AML and BEAT patients. (A) CD200 expression (log2 normalized) in CEBPA
mutated patients and WT patients in BEAT and TCGA cohorts. P-values from Wilcoxon rank sum test. (B) Deconvolution results of the RNA-seq data from
13 AML cases with biallelic CEBPA (top left panel), TCGA-AML CEBPA-mutated patients (top center panel) and TCGA-AML CEBPA WT (top right panel),
BEAT CEBPA-mutated patients (bottom left panel) and BEAT CEPBA-WT (bottom right panel). Cell type proportions are shown in the y axis. Samples were
clustered with euclidean distance and complete method. (C) Cell types with significantly different proportions between CEBPA-mutated and CEBPA-WT
in the meta-analysis of the TCGA and BEAT cohorts. Random effects models p-value: B cells naive (p-value =0.0867), B cells memory (p-value=3.53E-5),
dendritic cells activated (p=0.0117) and Monocytes (p-value=0.074). Meta-analysis plots can be found in Suppl. Figure 4.1. (D) Correlation of CD200
expression (log2 normalized) with B cells naive and memory. Pearson correlation coefficient (R) and p-values are shown separately for CEBPA mutated

and WT patients

clear predominant cell population, uneven distribution of
lymphoid cells may be used to analyze leukemic-immune
interactions. We also checked the CD200 regulatory
pathways in these samples. We found that the inhibitory
effects of CD200 on lymphoid cells could be mediated
through CD200R1 and RASA1. This protein behaves as a
RAS inhibitor and allows control of cellular proliferation
and differentiation. At the same time, CD200 overexpres-
sion in CEBPA leukemic cells was inversely correlated
with PNMA3, this protein shares homology with retro-
viral Gag proteins, MMP19, a protein that plays a major
role in the breakdown of extracellular matrix, and ARH-
GAP22, an insulin-dependent protein which regulates
cell motility (Fig. 7).

Discussion

In this work, we consecutively analyzed the expression of
CD200 in a series of 431 patients with AML. We showed
that 66% of AML patients unequivocally expressed
CD200, and its expression was significantly associated
with simultaneous CD34 reactivity. We also identified
the molecular subgroups with the highest probabil-
ity of CD200 positivity: cases with RUNXI1/RUNXITI,
CBFB-MHYI11 rearrangements, and AML with bial-
lelic CEBPA mutations. Conversely, we found the lowest
CD200 in AML with NPMI mutations. However, in this
AML group, CD200 + was related to NPMI1+/FLT3-1TD-
high ratios, suggesting that this marker could indicate an
enlarged leukemic stem cell compartment and be a sur-
rogate marker of a bad outcome.
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Regarding CD200 in AML, we found that two-thirds
of cases were positive. Damiani D. et al. [16] analyzed a
cohort of 244 patients, finding that CD200 was expressed
in 136 out of 244 (56%). Tribelli M. et al. [32] CD200 was
expressed in 67/139 patients (48%). In both studies and
in line with our findings, CD200 was most frequently
expressed in CD34-positive blast cells.

We established correlations between CD200 expression
and molecular findings. The most remarkable association

was with core-binding factor molecular alterations. The
study of Tonks A. et al. [33], using mainly transcrip-
tomic data, reported that, in AML, there was a correla-
tion between CD200 expression and the presence of
core-binding factor-associated abnormalities such as
t(8;21) and inv(16) (p=0.0001). Coustan-Smith E. et al.
[34] analyzed 370 bone marrow samples from patients
with de novo or secondary AML and found that CD200
may be helpful to MRD studies. CD200 was significantly
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overexpressed in patients with RUNX1/RUNXI1T1 alter-
ations in this mainly pediatric cohort. The survey of Ho
JM. et al. [14], with a series of 65 AML patients, also
showed that 5/65 patients presented RUNXI mutation,
and four out of the five had high levels of CD200 expres-
sion (more than 86% of the total of myeloblasts). Herein,
we add biallelic CEBPA mutation as typically CD200
overexpressing categories [35]. Our findings suggest that
the immunophenotypic pattern at diagnosis (CD7, CD34,
CD117, CD33, CD123), including CD200 (bright positiv-
ity), may be a reliable way to identify AML with biallelic
CEBPA mutation. The study of Dentesano G. et al. [36]
reported a relationship between the CD200 and CEBPB
in microglial cells and suggested that CEBPB could regu-
late the expression of CD200; it remains to be tested if
CEBPA is also involved in regulating CD200 in hemato-
poietic cells.

We have seen that AML patients with NPM1 muta-
tion have lower CD200 expression levels than other
genetic alterations [37-38]. It is known that most NPM1
mutated AML are CD34 negative [39-40]; the associa-
tion between CD200 and CD34 could explain why both
antigens are low in NPMI mutated AML. FLT3-ITD
mutations are subclonal events that provide an adverse
prognosis, especially in NPMI +patients with high
FLT3-1TD allelic ratios (>0.5). These patients have been
included in the ELN high-risk group [41-42]. CD200
differentiated a subgroup of 27 AML patients with
NPMI+/FLT3-ITDM¢" ratios in our study. Tribelli M. et
al. [32] showed that CD200 expression identified a group
NPM1+/FLT3-ITD- (n=37) characterized by poor prog-
nosis. These observations suggest that CD200 reactivity
needs to be tested in NPM1 mutated AML cases.

Several studies have described the immunosuppres-
sive effects through the CD200/CD200R signal pathway
in solid cancers and hematological malignancies [43—44].
In our research, we suggest the role of CD200 by inhib-
iting NK cell activation and cytotoxic T-cell functions in
AML patients. We detected a potential inhibitory loop
on lymphoid populations mediated by RASA1, but these
findings need to be confirmed by additional experiments.

Furthermore, we validate our cytometry results by
analyzing 60 more AML patients with RT-PCR, and our
results confirm the relation between CD200 expression
and core-binding factors and the inverse correlation
between CD200 expression and NPM1 mutation [45].

Our study has some limitations. Most of our popula-
tion corresponded to adults, so the meaning CD200 in
pediatric patients needs to be clarified. Also, we have yet
to study the clinical outcomes of AML patients.

The discovery that CD200 plays a vital role in human
neoplasia prompted the use of therapies to block the
CD200-CD200R binding and suppress the overexpres-
sion of this antigen in leukemia. The study of Rastogi N.
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et al. [46] proposed a fully human anti-CD200 antibody
(TTI-CD200) that can block the interaction of CD200
with its receptor and restore AML immune responses
in vitro and in vivo. Another study [47] suggested that
a recombinant humanized monoclonal antibody called
Samalizumab targeted CD200 and was associated with
reduced tumor burden in advanced CLL. It remains to
be tested if these therapeutic tools help target the AML
molecular subgroups with high CD200 expression.

In conclusion, CD200 is a valuable addition to a flow
cytometry marker panel and is commonly expressed in
AML patients, especially those with core-binding fac-
tor alterations. Its upregulation in some categories may
suggest that it may be an indirect measure of the leu-
kemic stem cell size or the development of inhibitory
immune mechanisms. Further studies are needed to
fully understand the prognostic role of CD200 in AML,
its association with clonal evolution, and its effects on
immunoregulatory cells.
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