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T2V VAL ¥4 X(bp) Primer  Sequence (5'to3")

Exon 2 290 T3 TAGTGTGGACAAGCCGGTGT

T4 TACTTCAGAGCAGACCATGC

Exon3and4 1,121 TS5 ATCCAGCCCTCGAGTTCTTC

T6 ATGGACTCGAGAGGGGCTCT

Exon 5 -7 1,203 T8 TGCAGAAGAGGCACTTGTCC

T9 GCCAGTGCACAGAACATTCG

ok LS
1,0 10° 10°
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10" 160 ng DNA H,0 160 ng DNA
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ABSTRACT

Non invasive collection of fetal tissue cells was studied
for prenatal diagnosis of hereditary methemoglobinemia
due to cytochrome b5 reductase (b5R) deficiency.

To apply a fetal tissue material to polymerase chain
reaction (PCR) amplification of b5R gene, we examined
the evidence which sugested that maternal peripheral
blood might be used as a source of fetal cells.  From the
results studied on cord blood by discontinuous density
gradient method, selective enrichment of fetal nhucleated
erythrocytes was observed in a fraction of 1.083 g/m!
density of Percoll solution. We compared some age-
dependent erythrocyte enzyme activities such as lactate
dehydrogenase between several erythrocyte fractions

with different density to determine the specificity of
nucleated erythrocytes separated.



INTRODUCTION

Non invasive collection of fetal tissue cells is an important
means of evaluating the prenatal diagnosis of genetic dis-
orders. To apply a fetal material to polymerase chain reaction
{ PCR ) amplification of gene, most laboratories have used
trophoblasts present in matemal circulation by immunclogical
method using the monoclonal antibody, which recognizes
a glycoprotein on the surface of the human trophoblast cell
populations ( 1~ 3). However, Anderson, et al. and other
invesigaters reported that this antibody was not specific for
trophoblasts (4 ~ 5).

Recently, Bianchi et al. used a monoclonal antibody against
the transferrin receptor to identfy nucleated erythrocytes in
the peripheral blood of pregnant women (8). Itis well known
that erythrocyte density increases during its aging (7). Density
gradient centrifugation is the technique most generally used
for fractionating erythrocytes of defferent mean age ( 8 ).

We studied an enrichment procedure using discontinuous
density gradient centrifugation for collecting nucleated erythro-
cytes. We also compared some age-dependent erythrocyte
enzyme activities such as lactate dehydrogenase { EC 1.1.1.27,
LD ) between several erythrocyte fractions with different density
to determine the specificity of nucleated erythrocytes separated.

MATERIALS AND METHODS

Collection of blood samples

Normal human blood samples were obtained from healthy
student volunteers at our University with informed consent.
Cord blood samples were collected from the Department of
Gynecology in our University Hospital.



Erythrocyte separation on a density gradient

According to the modified method of Salvo et al. (8 }, Blood

samples were filtered through a cotton column in HEPES

buffered isotonic saline. We separated nucleated erythrocytes
from human cord blood with discontinuous gradient density (
three - step gradients were prepared by Percoll and HEPES
buffered solution, pH7.3,310-320 mOsm/kgH O at 3.5 %
BSA final concentration: 1.079, 1.083 and 1.095 g/ml of each
density ). We used Percoll from Sigma Chem. Co. ( Density:
1.13 g/ml) and HEPES ( N-2-hydroxyethylpiperazine-N-2-
ethane sulphonic acid ) from Dojin Pharm. Lab. in buffered
solution.

Four ml of filtered erythrocyte suspension were layered on
top of the gradient. Centrifugation was carried out in a swing
rotorat 1000x g for 10 minat20°c. Cell fractions were
washed three times with HEPES buffered isotonic saline at
4 ©¢C toremove Percoll.

Measurement of LD activity

LD activity was measured automatically ( Monarch Chem-
istry System, Instrumentation Lab. Inc., Lexington, MA ) using
a commercial kit with pyruvate as a substrate ( LDH - HA Test
WAKO, Wako Pure Chem. Ind. LTd., Ohsaka ). We also per-
formed a spectrophotometric rate assay of LD activity using
a Hitachi 150-20 Spectrophotometer ( Hitachi Ltd., Tokyo )
for the purpose of plotting velocity vs substrate for an enzyme
-catalyzed reaction ( S/V plot ) and to determine the Km value
and activation energy. The reduction of pyruvate was moni-
tored by following the NADH oxidation at 340 nmand 30 °C.
The assay mixture consisted of 50 ul of enzyme, 2.0 ml of
Sodium phosphate buffer { 67 mmol/L, pH 7.4 ) containing
0.22 mmol of NADH per liter and 100 pl of various concent-
ration of pyruvate.



Electrophoresis of LD isoenzymes
LD isoenzymes were separated electrophoretically on a
buffered agarose gel at pH 8.2 using a commercially available
kit { Beckman Paragon LD, Beckman Instruments Inc., La
Brea, CA ). After electrophoresis the isoenzymes were detected
by measuring the production of nitroblue formazan dye,
according to the instructions provided with the kit.

Commercial reference materials
We used 3 commercially available reference materials ;
1) Enzyme Reference WAKO ( Wako Pure Chem. Ind. Ltd.,
Osaka ), 2) Seraclea-HE ( Kaketsuken Lab., Kumamoto )
3) Liquid Reference { Ciba Corning Diagnos. Co., Irvine, CA ).

RESULTS

The discontinuous Percoll gradient produced four red cell
fractions : 1st fraction with Low Density, 2nd fraction with
nucleated erythrocytes, 3rd fraction with High Density and
bottom fractions with Super Density red cells. The enrich-
ment fraction in nucleated erythrocytes was compared
with LDR and HDR fractions for several biochemical and
enzymological properties. '

Electropholetic profile of LD isoenzymes in
reference materials

We compared the electrophoretic patterns of LD isocenzymes
in the erythrocyte fractions separated with those of reference
materials. The results showed that hemolysate of each erythro-
cyte fraction migrated with the same profile as those of human
serum and reference material 1 ~ 3 (Fig. 1).
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Figu re 1 Electrophoretic paiterns of lactate dehydrogenase isoenzymes
in human erythrocyte fractions and reference materials
1. Reference material {1), 2. Reference material @ - normal ), 3. Reference
material (2 - pathological ), 4. Normal human serum, 5. Normal human
achilt whole red cells, 6. Low Density Red Cell [raction, 7. High Density
Red Cell fraction, 8. Fetal nuclealed erythrocyles

Km value and activation energy
For further studies on properties of the specific LD iso-

enzyme fractions in each erythrocyte fraction, we compared
their Km values and activation energies with those of refernce
materials 1 ~ 3 which contained human erythrocyte hemoly-
sates as indicated in the manufacturer's instructions.

Km value and activation energy of hemolysate from HDR
fraction was different from other LDR fraction, SDR fraction

and reference materials { Table 1).



Table 1 Km values and activation energies o human erythrocyte

fractions and reference malterials

Km Value Activation Energy
(% 10 “molL ) ( KI/mol )
Normal human serum 0.53 22.8
Reference material ( 1) 0.88 27.7
Reference material ( 2 )
Normal 0.56 35.6
Pathelogical 0.81 254
Normal human erythrocytes
Adult whole red cells 0.82 121.4
Fetal nucleated cell fraction 1.19 226.3
Low density rad cell {raction 0.81 75.2
High density red cell fraction 0.82 128.0




DISCUSSION

Erythrocyte hemolysates from density gradient fractions
had similar electrophoretic profiles to those of normal human
serum and human erythrocyte type refence materials, but
the enzymic characteristics such as Km values and activation
energies were different each others among these specimens.
The plot of velocity vs substrate concentrations for HDR
fraction enriched in nucleated erythrocytes and for other
fractions and reference materials revealed the same effects
according to substrate concentration. Krijnen et al. (9 )
investigated LD isoenzymes prepared from human erythro-
cytes and the placenta, and found that all preparations were
heterogeneous both with respect to the protein and isoenzyme
content.

It would be possible to prepare a nucleated erythrocyte
fraction by comparing its density with those of other fractions
and reference materials as internal standard.
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Figure 1 RCR amplification products of cytochrome b6 reductase
gene on agarose gel electrophoresis

Primer specific exon 2 of the bBR control regions were used for amplification.
Amplification and electrophoretic conditions are described n Materials and
Methods. Lane 1, molecular size marker; Lane 2and 3, 290 - bp amplified
product for DNA extracted from 10 of the nucleated erythrocytes by W8 -Kit
and Sepagene Kit.
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Study on human nucleated erythrocytes and their gene
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We analysed the NADH-cytochrome b5 reductase gene of
hereditary methemoglobinemia type I, type II and type III ,
and applied these results to prenatal diagnosis of this disorder,

An alternative and noninvasive method for obtaining fetal
cells from maternal circulation was studied. It was evident that
nucleated erythrocytes were most disirable for this purpose.
We studied also the methods for collecting nucleated erythro-
cytes for extraction of DNA and for polymerase chain reaction
(PCR) amplification of DNA by using cord blood. Discontinuous
density gradient centrifugation of nucleated erythrocytes and
selection of the cells by micromanipulator were found to be
most reliable for analysing DNA of the nucleated erythrocytes.

PCR technique allowed the primers to anneal to their
respective binding sites of Exon 2 of b&R gene and showed
a positive PCR signal for amplified product of DNA extracted

from 5 ~ 10 of the nucleated erythrocytes.
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