RETICULOCYTE COUNT IN TWO TYPES OF HEMOGLOBIN H DISEASE.
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Abstract The reticulocyte count (RC) is an important indicator of erythropoietic activity. It is useful for diagnostic
evaluation, classification and response to therapy of anemia. In Thailand, molecular and genetic studies revealed that
hemoglobin (Hb) H disease, a form of thalassemia intermedia occur from two different genotypes O(—thaly /Ol—thal,
and O —thal{/Hb Constant Spring (CS).

In this study, we used thiazole orange as an RNA-binding fluorochrome and determine the reticulocyte

count by flow cytometric technique,using Reti-CoumTM software package of FACScan. Venous blood was obtained
from 15 patients in each genotypes of Hb H diseases with mean age of 28 + 10 years. The average RC of the patients

Hb H disease and Hb H disease with Hb CS were 2.9 + 1.6 and 6.3 + 2.1 % (normal value, 0.5 - 2.0) and the absolute
value were (126 + 60) and (242 + 84) x 109 respectively (normal value, 24+17). The reticulocyte production
index was calculated, they were 1.1 + 0.7 and 2.3 + 0.9 with significantly statistical different (p < 0.005). This suggested

that erythropoietic activity in Hb H disease with Hb CS is more than the other.
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Introduction particularly in acute hemorrhage and hemolytic

Reticulocytes are immature red blood anemia or in response to iron, vitamin By, and
cells that have recently left the bone marrow and folic therapy. Recently RC is also used as an
still contain intracellular RNA. The reticulocyte indicator of recovering normal bone marrow

count(RC) is used in the evaluation of anemia function after chemotherapy for malignancy of
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bone marrow transplantation!.

following
Although the RC is simple,sensitive and specific,
its reliability is limited by both physiologic and
technical factors23. The physiologic factors
include the rate of release of reticulocytes from
the bone marrow and the degree of immaturity
of the freshly release reticulocytes2. The tech-
nical factors relate to the laboratory procedures
used to perform the count, especially manual

microscopic examination. These factors are
variations in morphological identification of
reticulocytes by the technologist especially
mature reticulocyte with few reticulums; the
size of sample of red blood cells evaluate;
type of smear stained for examination which
effect the distribution of reticulocyte; and finally
the use or the lack of use of standardized area
reduction device as a counting aid in the
microscope may contribute to imprecision in
RC23,

enumeration of RC, the automated RC was

For rapid accurate and precise
developed. In recent year, many fluorescent dyes
such as acridine orange, auramine O, DiOCI [3],
pyonin Y, thioflavin T, thiazole orange (TO) were
used to stain RNA for enumerate reticulocyte
by flow cytometry4:5. The counting of reticulocytes
is based on the fluorescent intensity measure-
ment of positived cells from other nucleated cells
and mature red blood cells. Because its simple
staining procedure and good resolution, TO is
becoming the flourescent dye of choice for RC
using flow cytometry6-11.

Hemoglobin (Hb) H disease is the
o—thalassemia (0t—thal) syndrome resulting from
defective Q—globin chain synthesis and the
excess B—globin chains aggregate to form
B—tetramer or Hb H. This abnormal Hb precipi-
tates in the red blood cells, leading to the

production of intraerythrocytic inclusion bodies 12.
In Thailand, the frequency of o—thal; is 20-
30 %, so there are 2 common genotypes of
Hb H disease, the interaction of Ot—thal; with
oa~thal, or Hb H disease (H) and another 40-
50 % of the disease were found to have double
heterozygosity at—thal; and Hb Constant Spring
(H/CS)13. The clinical and hematologic findings
in both types are described as thalassemia
intermedia'®.  Though the hematologic data
are not significant difference, the clinical course
of disease of H/CS was reported to be more
severe than in H. This may come from the finding
that in H/CS had less 0.—globin chain synthesis,
with higher level of Hb H and more erythrocyte
containing inclusion bodies!9-16.

The present study was to compare the
RC by using an flow cytometric analysis in H and
H/CS, and also to relate the RC with hematologic

measurements.

Materials and Methods
Subjects

Blood specimens were obtained from
42 healthy subjects (21 males, 21 females),
37+12 years old, who had normal hematologic
data. All patients studied were from the Hematology
Clinic of the Department of Medicine, Siriraj
Hospital, Mahidol University. We examined the
blood of 15 females of H and H/CS, aged 28 + 10
years. The diagnosis of the disease was based on
the criteria previously described3 They were in
steady state and not recieved blood transfusion

or iron chelation therapy for at least 3 months.

Collection of specimens
Three ml of venous blood was collected

in K3 -EDTA. Hematologic data was performed
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using Coulter JT (Coulter Corp.,Hialeach, USA).

Reticulocyte staining and data analysis

Whole blood (1pl) was added to 400 p1
of thiazole orange (Reti-Count™: Becton-
Dickinson,Mountain View, USA) in 12 x 75 mm
polyethylene tubes and incubated in the dark
for 30-60 minutes at room temperature6. The
sample were analyzed within 2 hours on a flow
cytometer, FACScan (Becton-Dickinson, Moun-
tain View, USA) equipped with a 15 mW argon-
ion laser with an excitation at 488 nm. The green
fluorescence was measured using a 530 nm
band pass filter with a band width of 30 nm in
front of a photomultiplier tube. The flow cytometer
was calibrated using unlabelled- or labelled-
fluorescein plastic beads (Calibrite, Becton-
Dickinson, Mountain View, USA).

Fifty thousand red blood cells were
counted with a forward-scatter versus side-
scatter dot plot, set on logarithmic scale. A gate
was set around the red blood cell population to
exclude noise and platelets®. A single logarithmic
fluorescence histogram was then generated using
the gated data. Data analysis was performed using
Reti-Count™ software (Becton-Dickinson,
Mountain View,USA). A typical histogram of
reticulocyte determination is shown in Fig. 1.

All statistical analysis was done with
SPSS/PC* software (Microsoft Corp.,USA). The
statistical significant of difference between
results was determined by Mann-Whitney U test
(M=W U test). The linear regression between RC

and hematologic variables were also calculated.

Fig. 1 Flow cytometric analysis of thiazole or-
ange-stained whole blood sample :-
a) healthy subject with RC 0.6 %

b) H patient with RC 2.4 %
c¢) H/CS patient with RC 7.6 %
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Results
Hematologic data

The hematologic data of healthy sub-
jects and patients are shown in Table 1. All red
blood cell parameters in H and H/CS were
significantly lower than healthy subjects. Except
Hb, Hct and red cell distribution width (RDW),
other red blood cell indices were statistical
difference (M-W U test, p < 0.005) when compared
between H and H/CS.

Reticulocyte count
The results of RC are listed in Table 2.

The percentage and absolute RC, reticulocyte

index and reticulocyte production index (RPI)
of H/CS in significantly higher than healthy
subjects. There is also statistical difference
between H and H/CS (M-W U test, p < 0.005).
The correlation coefficient between the
hematologic variables and RC are summarized
in Table 3, only RDW shows positive correlation
(r = 0.71, p < 0.005). RC as percentage and
absolute number show better correlation with
hematologic data than reticulocyte index. Poor
correlation is found with RPI, especially when it
is correlated with Hct, MCV and MCH ( r = -0.28,
-0.07, -0.26 respectively, p > 0.05).

Table 1 Hematological parameters in healthy subjects, H and H/CS!.
Healthy subjects H H/CS

female male female female

(n=21) (n=21) (n=15) (n=15)
Whbc (x 1091) 79+15 79+19 9.0 + 25 84 +1.8
Rbc (x 10127) 46 + 0.4 5.0 + 0.6 45+07" 39 +05°
Hb (g/dl) 13.3 + 0.8 145 + 16 84 + 14 81+ 10
Het (%) 405 + 2.3 439 + 48 28.9 + 3.8 288 + 35
MCV (fi) 88.7 + 4.2 87.9 +59 64.2 + 6.3" 749 + 4.7°
MCH (pg) 289 + 1.6 28.9 + 2.1 18.7 + 2.2° 209 + 16°
MCHC (g/dl) 327 + 0.6 329 + 0.6 29.3 + 28" 279 +1.0°
RDW (%) 132+ 09 139 + 15 23.1 + 3.0 241 +42

t All data represent mean + standard deviation.

* statistical significant difference between H and H/CS (M-W U test, p < 0.005) (Wbc= white blood
cell count; Rbc=red blood cell count; Hb = hemoglobin; Hct = hematocrit; MCV= mean corpuscular
volume; MCH = mean corpuscular hemoglobin ; MCHC = mean corpuscular hemoglobin

concentration; RDW = red cell distribution width)
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Table 2 Reticulocyte count and reticulocyte production index (RPI) of healthy subjects, H and H/CSt.

Healthy subjects H H/CS
female male female female
(n=21) (n=21) (n=15) (n=15)
Reticulocyte count (%) 0.5 +0.2 05+ 04 29 + 16" 6.3 + 2.1*
Reticulocyte index (%) - = 19 + 1.6” 41 +1.5"
Absolute reticulocyte
9
count (X 10 1) 255 + 214 216 + 10.3 126.3 + 60.5" 2425 + 83.7*
RPI - - 1.1 +0.7" 23 + 09"

t
All data represent mean + standard deviation.

* statistically significant difference between H and H/CS (M-W U test, p<0.005)

(reticulocyte index = reticulocyte count (%) x (patient's Hct+ 0.45)

reticulocyte production index (RPI)= reticulocyte index : maturation time in peripheral blood

Table 3 Correlatien coefficient (r) of hematologic variables with flow cytometric reticulocyte count

from 72 blood samples.

Rbc Hb Hct MCV MCH MCHC RDW
Reticulocyte count -0.58* -0.70* -0.65* -0.39" -0.58* -0.72* -0.71*
Absolute reticulocyte count -0.47* -0.68" -0.61* -0.44* -0.61* -0.72* -0.69"
Reticulocyte index -0.50" -0.62* -0.56" -0.32" -0.51* -0.68* -0.62*
RPI -0.33" -0.36" -0.28"** -0.07* -0.26* -0.49* -0.34*
***not significant; *p < 0.001; *p < 0.005
Discussion supravital stain for the reticulum in manual

High RC and absolute number of circu-
lating reticulocyte of H and H/CS have been
reported by manual microscopic procedure '3.16. In
H/CS patients, higher percentage of reticulocyte
and RPI were found when compared to H16:17.
Our flow cytometric determination of RC using TO
confirmed the above findings with more simple
Rather

and rapid assessment. than using

microscopic procedure, flow cytometric determi-
nation of RC is based directly on the presence of
RNA within the cell giving more accuracy and
precision as well as allows sufficient cells to count.
For platelets and white blood cells contamination
in whole blood,these are not the problem as both
of them can be gated out by their small forward /

side scatter and higher TO fluorescent intensity.




Pornvaree Lamchiagdhase et al.

Thai J Hematol Transf med

A marked increased in reticulocyte has
generally been considered as a compensatory
erythropoietic response of bone marrow to in-
crease red blood cells destruction. Low PRI (<2)
in H patients may reflect the ineffective
erythropoiesis to of bone marrow to respond to
anemia. Our findings also correspond previous
finding that red blood cells destruction in H/CS
is severe than H13.16,17 eventhough the
mechanism of erythropoiesis and destruction was
not clear.

Both percentage and absolute number
of RC are significant varied inversely with red
blood cell parameters (Rbc, Hb, Hct, MCHC
HC and MCV), excepted RDW, which was the
measurement of red blood cells anisocytosis,
(Table 3).

parameters with the reiculocyte index (RC

When correlated all red blood cell

corrected with normal packed cell volume, 0.45),
there was slightly lower than the percentage
and absolute number of RC but higher than RPI,
RC corrected with packed cell volume and
maturation time.

Since RPI provides valuable clinicial
information for the dynamics of erythropoiesis
in the diagnosis and monitoring anemia.
Depressed maturation indices are generally
associated with either marrow failure or inef
fective erythropoiesis. Our flow cytometric study
showed poor correlation with all red blood cell
parameters especially Hct, MCV and MCH (not
significantly). These data suggest that automated
flow cytometric RC is a better way to determine
the age of the reticulocyte in the peripheral
blood circulation. However, the presence of
HowellJolly bodies and basic stippling in
thalassemia particalarly those in splenectomized

patients may interfere with the nucleic stain

used in flow cytometry. Further investigation for

these problems are needed.
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