
Disappearance of slan-positive non-classical 
monocytes  for diagnosis of chronic myelomonocytic
leukemia with an associated inflammatory state 

The diagnosis of chronic myelomonocytic leukemia
(CMML) relies on both a persistent peripheral blood
monocytosis (monocytes ≥1x109/L) and monocytes
accounting for ≥10% of the white blood cell (WBC) dif-
ferential count.1 We showed that a relative accumulation
of classical monocytes (cMo: CD14++CD16–) ≥94%
among the total peripheral blood monocytes measured
by flow cytometry could help to distinguish CMML from
other causes of monocytosis.2 Since then, the quantifica-
tion of circulating monocyte subsets for the diagnosis of
this disease has become widespread.3–7 The increase in
cMo is related to a decrease in the fraction of non-classi-
cal monocytes (ncMo: CD14-/lowCD16+).2,5

This flow cytometry criterion can be challenged by the
co-occurrence of an inflammatory disease, observed in up
to 20% of CMML patients depending on the series stud-
ied, or an inflammatory state.8 Inflammation can provoke
an increase in the intermediate subset of monocytes
(iMo: CD14++CD16+) with a concomitant decrease in the
relative cMo percentage below the typical 94% thresh-
old, erasing the CMML signature and generating an easi-
ly recognizable “bulbous” profile.6 As the CMML-associ-
ated decrease in the ncMo fraction persists in an inflam-
matory setting,3,6 it might be a relevant criterion for dif-
ferentiating CMML from a reactive monocytosis, pend-
ing an accurate delineation between iMo and ncMo sub-
sets.9 At present, routine use of a decreased ncMo frac-
tion in diagnostics is precluded by the lack of inter-oper-
ator reproducibility of its measurement, unlike cMo frac-
tion measurement.7

Slan, also known as 6-sulfo LacNac, a carbohydrate
modification of P-selectin glycoprotein ligand 1, is con-
sidered to be a marker of ncMo.10 To improve the flow
cytometry distinction between CMML and reactive
monocytosis, we analyzed the utility of measuring the
slan-positive (slan+) ncMo fraction in the peripheral blood
of CMML patients, especially those with a concomitant
inflammatory state.

We first analyzed, by flow cytometry, slan expression
at the surface of circulating blood cells in samples collect-
ed from 22 young (mean age: 38±13 years) and 35 elderly
(mean age: 76±8 years) healthy donors. The mean
absolute monocyte count (AMC) of the young individu-
als was 0.51±0.19x109/L. while that of the older subjects
was 0.6±0.15x109/L). Whole blood samples were stained
as described elsewhere3 with anti-CD45, CD2, CD56,
CD24, CD14, CD16 (Beckman-Coulter or
BDBiosciences) and anti-slan (Miltenyi-Biotec) antibodies
and analyzed with either a Navios (Beckman Coulter) or
Fortessa (BDBiosciences) cytometer. Regardless of age,
slan was detected only at the surface of monocytes
(6.5±3.2%), not being expressed on neutrophils
(0.05±0.2%) or lymphocytes (0.3±0.2%), including natu-
ral killer cells (0.1±0.2%) (Figure 1A). Following an exclu-
sion gating strategy, monocytes were separated into cMo
(CD14++CD16-), iMo (CD14++CD16+) and ncMo 
(CD14-/lowCD16+) subsets.2 The expression of slan was
observed to be mostly restricted to ncMo, with
95.7±3.4% of slan+ cells gathering within this subpopula-
tion (Figure 1B, C).

To ensure a reproducible definition of slan+ cells among
monocyte subsets, we chose a slan/CD16 dot plot repre-
sentation, which allowed an accurate definition of the
threshold for slan positivity, determined against the cMo

population (Figure 1C). Only a fraction of ncMo
(51.7±12.0%) were slan+, corresponding to monocytes
with the weakest expression of CD14. Slan+ and slan-
negative ncMo subpopulations displayed similar mor-
phological features (Figure 1D). These results confirmed
that slan is specifically expressed by a fraction of ncMo. 

Between November 2017 and October 2018, we col-
lected peripheral blood samples or peripheral blood
mononucleated cells from a learning cohort of subjects
consisting of 26 patients with a reactive monocytosis, 55
patients with newly diagnosed CMML (diagnosis made
according to World Health Organization criteria1) and 72
healthy donors (37 young and 35 elderly) in two centers
(Gustave Roussy and Henri Mondor University
Hospitals) following approval by the Ile-de-France 1 (DC-
2014-2091) and the Groupe Francophone des
Myélodysplasies ethical committees (Table 1). The
CMML patients had a mean age of 75±9 years, with a
typical male predominance (male to female ratio, 2.5:1)
and WBC count ranging between 3x109/L and 116x109/L,
Eighteen of these patients (33%) were classified as hav-
ing proliferative CMML (WBC ≥13x109/L).11 Their AMC
ranged from 1.0x109/L to 40.7x109/L with a mean mono-
cyte percentage of 28.4±12.7%. Bone marrow analysis
confirmed dysplasia in 96% of the samples (multilineage
dysplasia in 81%) and allowed subdivision of these
patients into 18 with CMML-0 (33%), 28 with CMML-1
(51%), and 9 with CMML-2 (16%). These patients had
slight decreases of both hemoglobin concentration and
platelet count. CMML-2 patients showed a significantly
deeper thrombocytopenia compared to CMML-1 and
CMML-0 patients (P<0.01). Patients with reactive mono-
cytosis were younger (65±14 years) than CMML
patients; they had similar mean WBC counts but lower
AMC (range: 1x109/L-8.9x109/L). The male to female
ratio was 1.9:1 and these patients presented with various
causal diseases including systemic autoimmune and/or
inflammatory disease, acute infection, metastatic neo-
plasm, and diffuse lymphoma.

We analyzed monocyte subset distribution in this
learning cohort. Forty-eight of the 55 CMML patients
had cMo ≥94% (Figure 1E), in accordance with previous
series.2–7 The flow cytometry profile of all the seven
CMML patients whose cMo percentage was below 94%
had an easily recognized “bulbous” appearance (Figure
1F) that has been associated with an inflammatory state6

(C-reactive protein level, available for 4 of these 7
patients: 68.3±80.5 mg/L). This particular profile was due
to an increase in the iMo fraction (12.4±7.3%), in com-
parison to the fraction present in the CMML patients
without an inflammatory state (2.0±1.0%), combined
with the disappearance of the ncMo subset (Table 1).

A decrease of the ncMo fraction below 1.13% of total
circulating monocytes was recently proposed to identify
CMML (Figure 1G).6 This characteristic feature of the dis-
ease was shown to involve the epigenetic deregulation of
a miR-150/TET3 pathway that prevents the conversion
of cMo into ncMo.12 The quantification of ncMo requires
a robust delineation between iMo and ncMo. This latter
subpopulation was first defined by CD14 expression
level;13 subsequently, this strategy was refined using an
oblique line to gate the population.9 Discrepancies
between ncMo percentages determined by these two
strategies are illustrated in Figure 1H, I, which highlights
the difficulty in accurately and reproducibly quantifying
the ncMo subset. Using the oblique line strategy, the rel-
ative fraction of ncMo was significantly lower in CMML
patients (1.6±1.3%) than in controls (11.4±4.9%) or in
patients with reactive monocytosis (10.1±5.4%) (Figure
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Table 1. Clinical and biological parameters in patients with chronic myelomonocytic leukemia or a reactive monocytosis. 
                                                                                                                  LEARNING COHORT            
                                                 All CMML          CMML-0          CMML-1           CMML-2               CMML                 CMML                  Reactive
                                                                                                                                                         with                  without              monocytosis
                                                                                                                                                      bulbous               bulbous 
                                                                                                                                                       aspect                 aspect                        

Patients, n (%)                                55 (100%)             18 (33%)            28 (51%)              9 (16%)                  7 (13%)                  48 (87%)                  26 (100%)
Ratio male/ female                                2.5                         5.0                       3.3                         0.5                            2.0                             2.6                               1.9
Age (years)                                          75 ±9                   76 ±11                 75 ±9                    75 ±8                      73 ± 7                      75 ±10                       65 ± 14
CBC, n (%)                                       55 (100%)                                                                                                                                                                            26 (100%)
Hb, g/dL                                              11.8 ±2.4             11.97 ±3.1           12.2 ±2.0              10.3 ±1.8                9.1 ± 2.3                 12.1 ± 2.3                  11.8 ± 2.6
Platelets, x109/L                                159 ±123              199 ±134            166 ±117               58 ±37                 185 ± 144                152 ± 120                  275 ±151
WBC, x109/L                                      16.6 ±23.8            14.3 ±25.4          17.3 ±25.0           19.0 ±18.4             28.1 ± 40.0              14.8 ± 19.5                 14.6 ± 8.3
ANC, x109/L                                        8.0 ±15.7             10.6 ±24.7            6.2 ±7.9               34.8 ±6.7               8.6 ± 12.0                8.1 ± 16.1                  10.6 ± 8.0
AMC, x109/L                                         4.1 ±6.7                2.3 ±1.5              4.6 ±8.2                6.2 ±7.8                8.4 ± 14.4                 3.6 ± 4.6                    1.8 ± 1.6
Blood monocytes (%)                   28.4 ±12.7            24.8 ±10.7           28.6 ±8.5             36.0 ±22.6              35.6 ± 6.3               27.5 ± 13.1                 12.2 ± 5.4
Marrow analysis, n (%)                 55 (100%)                                        55 (100%)                                            55 (100%)                                                         NA
Marrow monocytes (%)                11.3 ± 6.5              9.2 ± 6.1            13.3 ± 6.8             9.1 ± 3.6                11.7 ± 6.1                11.2 ± 6.6                        NA
Marrow blasts (%)                          6.8 ± 3.9               2.8 ± 0.9             6.9 ± 1.3             13.7 ± 2.3                5.9 ± 4.4                  6.9 ± 3.8                         NA
Dysplasia, n                                          52/54                     18/18                   25/27                       9/9                           7/7                           45/47                            NA
Multilineage dysplasia, n                   44/54                     14/18                   23/27                       7/9                           7/7                          37/47                              
Monocyte assay, n (%)                  55 (100%)                                                                                                                                                                            26 (100%)
cMo (%)                                            95.2 ± 5.0             93.8 ± 5.9           95.6 ± 5.0            96.5 ± 2.8               84.5 ±7.9                 96.7 ± 1.4                  82.9 ± 8.4
iMo (%)                                              3.3 ± 4.4               3.9 ± 4.9             3.0 ± 4.5               2.8 ± 2.3                12.4 ± 7.3                 1.9 ± 1.0                    7.1 ± 5.4
ncMo (%)                                           1.6 ± 1.3               2.3 ± 1.7             1.4 ± 1.0               0.7 ± 0.6                 3.2 ± 1.9                  1.3 ± 1.1                   10.1 ± 5.4
ncMo slan+ (%)                                0.4 ± 0.5               0.6 ± 0.1             0.3 ± 0.4               0.1 ± 0.1                 0.5 ± 0.5                  0.4 ± 0.5                    4.3 ± 3.0

                                                                                                                 VALIDATION COHORT
                                                 All CMML          CMML-0          CMML-1           CMML-2               CMML                 CMML                  Reactive
                                                                                                                                                         with                  without              monocytosis
                                                                                                                                                      bulbous               bulbous
                                                                                                                                                       aspect                 aspect                        

Patients, n (%)                                36 (100%)             20 (56%)            10 (28%)              6 (17%)                  5 (14%)                  31 (86%)                  22 (100%)
Ratio male/ female                                3.5                         5.7                       2.3                         2.0                            4.0                             3.4                               2.7
Age (years)                                         71 ± 12                 73 ± 11               68 ± 11                67 ± 18                   70 ± 3                     71 ± 13                      47 ± 18
CBC, n (%)                                       36 (100%)                                                                                                                                                                            22 (100%)
Hb, g/dL                                             11.5 ± 1.7             11.5 ± 1.6           12.0 ± 1.5            10.8 ± 2.0               10.8 ± 2.3                11.6 ± 1.6                  11.2 ± 2.4
Platelets, x109/L                               158 ± 183             201 ± 233            113 ± 36               92 ± 86                 177 ± 165                155 ± 188                  309 ± 175
WBC, x109/L                                      20.0 ± 22.4           22.7 ± 25.9         10.5 ± 10.2          26.8 ± 22.7            29.8  ± 15.9              18.4 ± 23.1                 14.9 ± 3.9
ANC, x109/L                                       11.5 ± 14.7           15.3 ± 18.0           6.3 ± 7.7               6.8 ± 2.2               19.6 ± 11.6              10.1 ± 14.9                 10.4 ± 4.4
AMC, x109/L                                        3.4 ± 4.3              3.0  ± 3.9            2.2 ± 1.5               7.6 ± 7.4                 3.0 ± 1.5                  3.5 ± 4.6                    1.5 ± 0.4
Blood monocytes (%)                   21.4  ± 9.6            18.5 ± 9.6           24.4 ± 8.9            28.9 ± 6.9               13.1 ± 9.2                22.9 ± 9.1                  10.3 ± 2.9
Marrow analysis, n (%)                 36 (100%)                                                                                                                                                                                   NA
Marrow monocytes (%)                9.5  ±  4.6              8.1 ± 3.9             8.9 ± 3.3             16.2 ± 3.6               11.4 ± 5.9                 9.2 ± 4.3                         NA
Marrow blasts (%)                          5.4  ± 4.2              2.6 ± 1.2             6.8 ± 1.3             12.8 ± 3.1                4.8 ± 5.7                  5.5 ± 4.0                            
Dysplasia, n                                           32/33                     18/18                     8/9                         6/6                           5/5                           27/28                            NA
Multilineage dysplasia, n                  20/33                      9/18                      7/9                         4/6                           2/5                          18/28 
Monocyte assay, n (%)                  36 (100%)                                                                                                                                                                            22 (100%)
cMo (%)                                            96.3 ± 2.7             96.2 ± 2.8          96.8 ± 1.3            95.9 ± 4.0               90.7 ± 1.8                97.2 ± 1.4                 84.6  ±  9.2
iMo (%)                                              2.7 ± 2.3               2.8 ± 1.9             1.9 ± 1.2               3.4 ± 4.1                 7.5 ± 2.3                  2.0 ± 1.1                   6.8  ± 2.9
ncMo (%)                                           1.0 ± 0.8               1.0 ± 0.8             1.3 ± 1.0               0.6 ± 0.4                 1.9 ± 1.1                  0.9 ± 0.7                   8.6  ± 7.3
ncMo slan+ (%)                                0.3 ± 0.4               0.3 ± 0.4             0.4 ± 0.5               0.2 ± 0.2                 0.3 ± 0.2                  0.3 ± 0.4                    4.7 ± 4.6
Patients with chronic myelomonocytic leukemia (CMML) were diagnosed and classified according to the 2017 World Health Organization criteria into three groups, CMML-
0, CMML-1, and CMML-2.1 The presence of peripheral blood monocytosis and monocytes accounting for ≥10% of total leukocytes was verified.  The presence of dysplasia
(notably multilineage dysplasia) observed in bone marrow smears is specified.  When dysplasia was not observed or data were missing, cytogenetic abnormalities or muta-
tions were ascertained (3 cases in the learning cohort and 4 cases in the validation cohort). CMML patients were studied before any treatment.  The parameters of CMML
patients with a “bulbous” flow cytometry profile, suggesting an inflammatory state, and those without a “bulbous” profile are presented separately.  The percentages of clas-
sical, intermediate, non-classical and slan+ non-classical monocytes were determined among total circulating monocytes in each aforementioned subgroup of patients.  All
parameters are presented as the mean ± standard deviation, unless otherwise specified. CBC: complete blood count; Hb: hemoglobin; WBC: white blood cells;  ANC: absolute
neutrophil count; AMC: absolute monocyte count; NA: not applicable. cMo: classical monocytes; iMo: intermediate monocytes; ncMo: non-classical monocytes.
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Figure 1. Legend on following page. 



1G). Nevertheless, in 31 of the 55 CMML patients, the
ncMo fraction was above the 1.13% proposed threshold.6

In other words, 24 CMML patients with cMo ≥94% were
misclassified using the ncMo approach. 

In a search for a monocyte marker whose measure-
ment would reproducibly help to identify CMML, what-
ever the patient’s inflammatory status, we explored the
use of slan. Although this marker is mostly expressed by
CD14low ncMo cells, quantification of the slan+ ncMo
population could be of interest in CMML. We observed
that the slan+ ncMo fraction was significantly lower in
CMML patients (0.4±0.5%) than in controls (5.7±3.3%)
or patients with reactive monocytosis (4.3±3.0%;
P<0.001) (Figure 2A-C). It is noteworthy that CMML
patients who had the highest percentage of slan+ ncMo
were those with a clear-cut relative cMo accumulation
above 94%. Interestingly, CMML patients who could not
be diagnosed as having CMML using the relative accu-
mulation of cMo, because of the “bulbous” appearance of
the flow cytometry profile, had a lower percentage of
slan+ ncMo (0.5±0.5% for the 7 patients with CMML and
an inflammatory state) (Figure 2B).

A receiver operating characteristic curve defined a cut-
off value of 1.7% to identify a decrease in the peripheral
blood slan+ ncMo fraction (Figure 2D). Using this thresh-
old, measurement of the slan+ ncMo fraction improved
the sensitivity of the diagnosis of CMML as compared to
that achieved from measuring the cMo fraction (100% vs.
86%), since all the false negatives were retrieved, includ-
ing those with an inflammatory state. 

Between November 2018 and April 2019, an independ-
ent validation cohort, consisting of 22 patients with reac-
tive monocytosis and 36 CMML patients, including five
inflammatory cases (C-reactive protein level for 3 of
them: 33.6±14.1 mg/L), was studied and similar results
were obtained with a 100% sensitivity (Table 1). Of note,
regarding the whole cohort, eight of 48 patients with a
reactive monocytosis had a slan+ ncMo fraction below
1.7%, indicating a 83% specificity. In these cases, molec-
ular exploration, by next-generation sequencing, of the
genes most frequently mutated in CMML may be of
interest.14

Serial measurements of the slan+ ncMo fraction for up
to 8 months in untreated CMML patients demonstrated

the reproducibility of slan+ ncMo% <1.7% over time
(Figure 2E, F). We also got the opportunity to analyze this
parameter in CMML patients before and after treatment
with either hydroxyurea or a hypomethylating agent.8,15

Unlike hydroxyurea, hypomethylating agents were
shown to restore a normal monocyte subset repartition
in responding patients,2 associated with an increase of
the slan+ ncMo fraction over the 1.7% threshold (Figure
2G).

The present study demonstrates that a flow cytometry
analysis of monocyte subsets in the peripheral blood
including the slan marker may be useful for diagnosing
CMML earlier and delineating cohorts of accurately
defined patients in order to evaluate the impact of treat-
ments. Indeed, monocytosis is a common biological find-
ing (present in about 5% of complete blood counts; data
from Henri Mondor University Hospital, Créteil, France).
We show here that a decrease in the specific slan+ ncMo
subset below 1.7% of total monocytes is a characteristic
feature of CMML patients, including those with an asso-
ciated inflammatory state. This decrease is stable over
time in untreated patients and its disappearance may be
a biomarker of response to hypomethylating drugs. We
therefore propose a single flow cytometry assay and a
two-step algorithm to support a diagnosis of CMML
(Figure 2H). First, a cMo fraction above the 94% thresh-
old argues for CMML. When the cMo fraction is below
94%, especially when the flow cytometry profile has a
“bulbous” aspect, a slan+ ncMo fraction below 1.7%
argues for a CMML. Compared to genomic approaches,
such a simple assay is an economically relevant strategy.14
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Figure 1. Relevance of slan expression for selecting a fraction of non-classical monocytes. (A) Percentages of slan+ cells in peripheral blood leukocytes from
22 healthy donors (age <65 years, Etablissement Français du Sang, Créteil and Rungis, France) and 35 aged-matched donors (age >65 years, Henri Mondor
University Hospital). The medians are indicated by the solid black lines; ***P<0.001, Mann-Whitney test. Neutrophils were defined as CD16+ cells with wide-
ranging (intermediate to high) side scatter (SSC), B lymphocytes as CD24+/SSClow cells and T lymphocytes as CD7+ and/or CD2+/CD56neg/SSClow cells. Total mono-
cytes were selected as previously described.2 Briefly, total monocytes were considered as the circulating cells remaining after the exclusion of both immature
and mature granulocytes defined as CD24+/SSCint/high cells, B lymphocytes, T lymphocytes, CD56+/SSClow/int cells and double-negative CD14–/CD16– cells.
Subsequently, natural killer (NK) cells were defined as the CD45+/CD56+/SSClow population, after exclusion of the above-mentioned total monocytes, in order to
avoid overlapping with monocytes. Finally, total lymphocytes were defined as the sum of B lymphocytes, T lymphocytes and NK cells. (B) Percentage of slan+

cells in the three monocyte subsets of 22 healthy donors and 35 aged-matched donors; the medians are indicated by the solid black lines; ***P<0.001, Mann-
Whitney test. (C) Gating strategy used in a healthy donor to select monocyte subsets. Left panel: the percentages of classical (cMo), intermediate (iMo) and non-
classical (ncMo) monocytes on a CD14/CD16 dot plot are indicated. Middle panel: the percentage of slan+ ncMO (shown in red) among monocytes on a
slan/CD16 dot plot is shown. Right panel: representation of the selected slan+ ncMO cells on a CD14/CD16 dot plot. (D) May-Grünwald Giemsa staining of sorted
slan+ or slan– ncMO cells following a previously described gating strategy2 using Influx (BD Biosciences and BD Diva software) cell sorters (magnification x630).
(E) Relative percentages of cMo among total circulating monocytes in the learning cohort consisting of 72 controls (healthy donors incremented from 22 to 37,
and 35 aged-matched donors), 26 patients with reactive monocytosis and 55 with newly-diagnosed CMML; the medians are indicated by solid lines and the
94% diagnostic threshold is indicated; ***P<0.001, Mann-Whitney test. (F) Representative dot plots of monocyte subsets from a CMML patient with a typical
profile (cMo >94%) (upper panel) and a CMML patient with an inflammatory state, showing a “bulbous” profile with cMo <94% (lower panel). (G) Relative per-
centages of ncMo among total circulating monocytes (determined using the refined gating strategy9) in the learning cohort; the medians are indicated by solid
lines; the dotted line represents the ncMO threshold value proposed by Hudson and colleagues;6 ***P<0.001, Mann-Whitney test. (H, I). Representative dot
plots of monocyte subset repartition in a patient with a reactive monocytosis (H) and a patient with CMML (I). Since iMo and cMo express CD14 similarly, the
delineation between iMo and ncMo was initially defined by CD14 expression of cMo (conventional gating).13 However, a refined gating strategy was proposed9

using an oblique line such that the entire cloud of CD14++/CD16+ events is enclosed. For each example, ncMo are quantified using the conventional gating strat-
egy (left panel) and the refined gating strategy (right panel). 

Legend to Figure 1 on previous page
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Figure 2. A characteristic decrease in the slan-positive non-classical monocyte fraction in chronic myelomonocytic leukemia. (A, B) Representative dot plots
of monocytes (left panel, slan/CD16; right panel, CD14/CD16) from a patient with chronic myelomonocytic leukemia (CMML) with a typical profile (classical
monocytes, cMo >94%) (A) and a CMML patient with an inflammatory state (B), showing a “bulbous” profile with cMo <94%. (C) Relative percentages of slan+

non-classical monocytes (ncMO) among total circulating monocytes in the learning cohort, consisting of 72 controls, 26 patients with reactive monocytosis and
55 patients with newly-diagnosed CMML; the medians are indicated by solid lines; ***P<0.001, Mann-Whitney test. (D) Receiver operator characteristic (ROC)
curve establishing a 1.7% slan+ ncMO cutoff value with an area under the ROC curve of 0.995; MedCalc Statistical software version 12.7.5 (Ostend, Belgium).
(E) Repeated evaluation of relative slan+ ncMO percentage in ten untreated CMML patients followed from 1 to 8 months. (F) Monocyte subset repartition (right
panel) and the slan+ ncMO population (left panel) in a representative CMML patient at diagnosis and after 2, 4 and 8 months of follow-up, without any treatment.
(G) Monocyte subset repartition (right panel) and the slan+ ncMO population (left panel) in representative CMML patients before and after treatment with
decitabine (6 cycles). (H) Proposed two-step algorithm for the diagnosis of CMML by flow cytometry.
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