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ABSTRACT

Polycythemia vera (PV) is characterized by leukocytosis, thrombocytosis, and low mean capsular volume (MCV). No
specific hematological findings are observed in patients with erythrocytosis of other origins. However, recombinant
erythropoietin (EPO) increases the number of mononuclear cells in the periphera blood. Therefore, we hematologically
examined monocytes in patients with erythrocytosis. The medical records of 48 erythrocytosis patients (hemoglobin:
men, >18.5 g/dL; women, >16.5 g/dL) collected between August 2005 and July 2012 were reviewed for age, gender,
hematology, and serum erythropoietin level. Patients were divided into 3 groups: PV (N = 17), reactive erythrocytosis
(RE, N = 25), and EPO-elevated erythrocytosis (EPO-E, N = 6). We compared monocytes in the hemogram among the
3 groups and examined the correlation between hematological data and serum EPO level. The percent monocytes in the
hemogram were 3.4% + 0.3%, 7.4% + 0.4%, and 12.3% * 1.1% for the PV, RE, and EPO-E groups, respectively, which
were significant (p < 0.05). Absolute monocyte counts in the EPO-E group (1.0 + 0.1 x 10%L) were significantly higher
than those in the PV (0.6 + 0.1 x 10%L) and RE (0.5 + 0.3 x 10°/L) groups. There were 2 (12%), 0, and 3 (50%) patients
with monocytosis (>1.0 x 10%/L) in the PV, RE, and EPO-E groups, respectively. A significant correlation was observed
between percent monocyte or absolute monocyte count and serum EPO level. In conclusion, monocyte count in hemo-

grams may be useful for diagnosing EPO-€elevated erythrocytosis.
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1. Introduction

Erythrocytosis is identified based on hemoglobin (Hb)
levels using hematology assays (Hb: men, >18.5 g/dL;
women, >16.5 g/dL). The causes of erythrocytosis in-
clude various pathological diseases. Among the types of
erythrocytosis, polycythemia vera (PV) is classified as a
myeloproliferative neoplasm [1]. PV is characterized by
leukocytosis, thrombocytosis, and low to normal serum
levels of erythropoietin in clinical tests [1,2]. We previ-
ously examined the laboratory values between PV and
reactive erythrocytosis [3-6]. First, we reported that mi-
crocytosis may be a characteristic of the PV clinical course
and a good marker for the presence of the JAK2 V617F
mutation [3]. Second, the activities of coagulation factors
were significantly lower in PV patients than in reactive
erythrocytosis patients [4]. Serum cholesterol and G-CSF
levels in PV patients were lower than that in those with
reactive erythrocytosis [5,6].

Recombinant erythropoietin increases the number of
mononuclear cells in the peripheral blood [7,8]. These
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cells are used as endothelia progenitor cells in regenera-
tion medicine. There have been no previous reports on
the monocyte count in erythrocytosis.

First, we compared hematological findings among the
3 groups. PV, reactive erythrocytosis (RE), and EPO-
elevated erythrocytosis (EPO-E). Monocyte count in
EPO-E patients was higher than that in PV or RE patients.
Next, we examined the correlation between monocytes
and erythropoietin using a hemogram. Serum levels of
erythropoietin were positively correlated to the relative
monocyte and absol ute monocyte counts.

Therefore, we concluded that relative monocytosis in
hematology may be a useful parameter for diagnosing
EPO-E.

2. Patients and M ethods
2.1. Patients

Tokyo Metropolitan Bokutoh Hospital is located in East-
ern Tokyo. We retrospectively reviewed the medical re-
cords of 48 patients with erythrocytosis (hemoglobin
[Hb]: men, >18.5 g/dL; women, >16.5 g/dL) collected
between August 2005 and July 2012. Medical records
were reviewed for age, gender, and laboratory test results.
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Venous blood was collected into evacuated tubes to
measure hematology and serum erythropoietin for the
initial outpatients in our departments. Patients were di-
vided into 3 groups according to the new World Health
Organization (WHO) classification as follows: PV group
(N = 17), reactive erythrocytosis group (RE, N = 25), and
EPO elevated erythrocytosis (EPO-E, N = 6; serum EPO
level, >29 mIU/L). The RE group could not be diagnosed
with PV despite erythrocytosis (serum erythropoietin
within normal limits); erythrocytosis improved due to
phlebotomies. The RE group revealed neither JAK2
V617F mutation nor hypoxia. Furthermore, patients with
EPO-E exhibited erythropoietin-producing tumors (rena
cell carcinoma, N = 3) and obesity with hypoxia (pick-
wickian syndrome, N = 3). The study design was ap-
proved by the ethics review board of our institution.

2.2. Statistical Analysis

We compared the differences among the three erythro-
cytosis groups by using Wilcoxon's analysis. Data are
expressed as group means + standard errors of the mean
or medians with interquartile ranges. Rates of monocyto-
sis were compared by using the chi-square test with
Yates's correction. All statistical calculations were per-
formed using JIMP version 8.0 software (SAS Institute,
Inc., Cary, NC), and significance was defined as p <
0.05.

The correlation between the serum erythropoietin level
and hematology results was assessed by using linear re-
gression analysis. Significance for the linear regression
analysis results was defined as p < 0.0001.

3. Results
3.1. Hematology in Patientswith Erythrocytosis

Of the 48 patients with erythrocytosis, 17 were diagnosed
with PV. The remaining 31 patients with erythrocytosis
tested negative for the JAK2 V617F mutation. The 31
patients were divided into 2 groups, including a reactive
erythrocytosis group (RE; N = 25) and an erythropoietin
elevated erythrocytosis group (>29 miU/L, EPO-E; N =
6).

Patients with PV were significantly older than those
with RE and EPO-E; however, no gender differences
were noted among the 3 groups.

Hematological tests performed upon initial presenta-
tion revealed that the numbers of erythrocytes, leuko-
cytes, and platelets were significantly higher in the PV
group than in the RE and EPO-E groups (Table 1).
However, percent monocytes according to the hemogram
were 3.4% + 0.3%, 7.4% + 0.4%, and 12.3% + 1.1%, in
the PV, RE, and EPO-E groups, respectively, which were
significant (p < 0.05, Table 1). Additionally, absolute
monocyte counts were significantly higher in the EPO-E
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group than those in the PV and RE groups (p < 0.05)
(Table 1).

The rate of monocytosis (>1.0 x 10%L) was signifi-
cantly higher in EPO-E patients (50%; 3/6) than in RE
patients (0%, 0/25), but not in PV patients (12%, 2/17)
(Table 1).

3.2. Relationship between Serum Erythropoietin
Level and Hematological Findingsin
Erythrocytosis Patients

Post-treatment for EPO-E group, including nephrectomy
for renal cell carcinoma or weight control for obesity,
resulted in a reduction in percent monocyte (7.0% =+
0.3%, p < 0.05 vs. pre-treatment) and absolute monocyte
counts (0.5 + 0.03 x 10%L, not significant vs. pre-treat-
ment). Serum levels of erythropoietin after treatment
were significantly reduced compared with those before
treatment (pre-treatment erythropoietin concentration; 115
+ 33 mlU/L, post-treatment erythropoietin concentration;
25+ 4miU/L, p <0.05).

Among hematology parameters (hemoglobin, red cell
counts, hematocrit, platelet counts, leukocyte counts,
absolute monocyte counts and percent monocytes), only
percent monocytes showed significant positive correla-
tions with the serum erythropoietin level (r? = 0.41111, p
< 0.0001). There was no significant relationship between
erythrocytosis and the serum erythropoietin levels (RBC:
r? = 0.016192, not significant, hemoglobin: r* = 0.000795,
not significant, hematocrit: r* = 0.061684, not signifi-
cant).

4. Discussion

We previoudly reported that the serum levels of total
cholesterol and granulocyte colony stimulating factor
(G-CSF), and the activities of some clotting factors are
lower in patients with PV than in those with non-PV
erythrocytosis [4-6]. Microcytosis in hematology was
lower in the PV group than in the RE and EPO-E groups
(Table 1). These findings are similar to the results of our
previous report [3]. Erythrocytosis diagnosis was per-
formed by general clinical laboratories, such as hema
tology and biochemistry laboratories. We speculated that
monocyte number in hematology may be a predictor for
elevated serum erythropoietin levels because recombi-
nant erythropoietin increased the number of mononuclear
cellsin the peripheral blood [7,8].

Erythropoietin receptors are present on the membranes
of monocytes [9], and monocytes in the bone marrow are
mobilized by erythropoietin to the periphera blood [7,8].
Erythropoietin induces monocyte chemoattractant pro-
tein-1 (MCP-1) in the endothelia cells [10]. Therefore,
we speculated that erythropoietin may be directly or in-
directly effective for mobilizing monocytes through
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Table 1. Clinical profilesand lipid profiles of patientswith erythrocytosis.

Clinical data PV group (N = 17) RE group (N = 25) EPO-E group (N = 6)
Age 69 (2) 54 (2) 595/(?
Gender (M/F) 6/8 21/1 :
Underlying diseases and conditions Rend cell carcinoma ©)
Obesity (3)
Hematology
Hemoglobin (g/dL) 18.8(0.4) 19.2(0.2) 18.8 (0.4)
Hematocrit (%) 57.8(0.9) 56.2 (0.7) 58.3 (1.7)
Red blood cells (x10%/L) 6997 (220) 5870 (60)" 6700 (30.0)°
MCV (fL) 84 (3) 96 (1) 88 (4)
Platelets (x10%L) 401.9 (43.1) 198.0 (9.0) 181.0 (3.0)"
Leukocytes (x10%L) 16.3(2.3) 6.8(0.3) 7.7 (L1
% Monocyte 3.4(03)" 7.4(0.4)" 12.3(1.1)
% Monocyte + lymphocyte 13.8(1.2) 37.7 (1.9 33.8(3.2)
Absolute monocyte (x10%L) 0.6(0.1)" 0.5(0.3)" 1.0(0.1)
Absolute monocyte + Lymphocyte (x10%L) 20(02 24(0.1) 25(04)
Absolute monocyte > 1.0 x 10%L 2,12% 0,0%" . 3,50%
Serum erythropoietin (mlU/L) 9.1(0.8) 16.1(1.4) 115(33)

Data represent the means with standard errors in parentheses. “p < 0.05 vs. PV, ~“p < 0.05 vs. EPO-E.

MCP-1. However, some types of renal cell carcinoma
produce macrophage colony stimulating factor (M-CSF)
and granulocyte-macrophage colony-stimulating factor
(GM-CSF) [11]. We hypothesized that relative monocy-
tosis was due to the direct effect of erythropoietin and
other effects of GM-CSF and M-CSF produced by renal
cell carcinoma. Because few reports are available re-
garding the effects of serum GM-CSF and M-CSF in
obese individuals, we hypothesized that relative mono-
cytosis in EPO-E patients may be due to elevated eryth-
ropoietin, but not due to elevated GM-CSF and M-CSF.
However, we did not measure serum levels of GM-CSF
and M-CSF in al subjects.

The role of monocytes in erythrocytosis is unclear.
Severa reports showed that monocytes suppress eryth-
ropoiesis through the production of interferon gamma
[12,13]. Therefore, we speculated that increase in the
monocyte number in the peripheral blood may be due to
negative feedback against excessive erythrocytosis. How-
ever, other mechanisms affect hematology hemogramsin
PV, such as leukocytosis and neutrophilia[2].

In conclusion, to our knowledge, thisis the first report
of a positive correlation between serum erythropoietin
level and the number of monocytes in the periphera
blood in patients with erythrocytosis. Relative monocy-
tosis conducted in routine hematology assays may be due
to elevated erythropoietin.

A limitation of this study is its small sample size, as
the number of patients with erythrocytosis in a single
metropolitan hospital is small. In this research, we did
not examine the relationship between the monocyte count
and the serum erythropoietin level in the non-erythyth-
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rocytic subjects.
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