
CLINICAL STUDY

Erythrocyte pyruvate kinase activity during chemotherapy in
children with leukemia and lymphoma

Yilmaz HL, Tanyeli A, Özüsaglam H, Kayrin L, Antmen B, Sasmaz HI

Bratisl Lek Listy 2002; 103 (7�8): 238�243

Unit of Pediatric Emergency Medicine, Department of Emergency Me-
dicine, Medical Faculty of Cukurova University, Adana, Turkey, Sec-
tion of Pediatric Hematology and Oncology, Department of Pediatrics,
Medical Faculty of Cukurova University, Adana, Turkey, and Depart-
ment of Biochemistry, Medical Faculty of Cukurova University, Ada-
na, Turkey

Address for correspondence: Yilmaz HL, MD, Yeni Baraj M.1.S.,
Gülek Plaza A Blok 6/9, 01550 Adana, Turkey.
Phone: +90.322.3386060/3280, Fax: +90.322.3386906

Unit of Pediatric Emergency Medicine, Department of Emergency Medicine, Medical Faculty of Cukurova University, Adana,
Turkey.hyilmaz@mail.cu.edu.tr

Abstract

Objectives: To determine both erythrocyte pyruvate kinase activity (ePKA) at the time of diagnosis of
patients with acute leukemia or lymphoma and the differences in the ePKA profiles during the malig-
nant disease and its chemotherapy.
Methods: A prospective, longitudinal clinical study was performed involving 57 patients, 10 were the
ones with relaps of acute lymphoblastic leukemia, 32 were the ones with acute lymphoblastic leukemia
(ALL) and 15 were the ones with lymphoma. None of the subjects in this study group received treatment
or blood transfusion before the study, except the ones diagnosed with relapse of ALL. Forty two healthy
children were also selected to form the control group. In order to measure ePKA, blood samples were
taken for five times, with 1.5 months apart between each other during the study. Statistical analysis
were done by using Wilcoxon�s signed rank test, Kruskall�Wallis with Mann�Whitney U Test and
Spearman rank correlation coefficient test.
Results: The ePKA of the patients with relapse of ALL, and ALL, but not the patients with lymphoma,
at the time of diagnosis were found to be lower compared to the one�s in the control group (respectively
p=0.001, p=0.003). The comparison between the first ePKA samples and the third ePKA samples of the
patients with both ALL and lymphoma showed a significant increase (respectively p=0.006, and p=0.047).
Conclusion: The measurement of ePKA can be considered for follow-up the neoplastic treatment due
to the fact that it is detected to be low in leukemia and relapse of ALL and in normal values after
chemotherapy. However, more long-term studies, including more number of cases, are required to be
carried out in order to prove the accuracy of this hypothesis. (Tab. 2, Fig. 1, Ref. 28.)
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It is known that, when affected with malignant diseases, cell
metabolisms will change into different characteristics than the
normal ones. According to the preceding studies conducted it is
determined that energy production process of cells, having mali-
gnant transformation, is done through glycolysis rather than Krebs
cycle and electron transfer system. Because of this reason the
production and consumption of glycolytic enzymes in the cells
with malignant transformation increases (1). These metabolic
changes occur not only in the cells that are affected by malignant
transformation directly but also in some cells that are affected by
malignant transformation indirectly such as erythrocytes, throm-
bocytes, leucocytes (2�7). Many previous reports, however,
showed that acquired erythroenzymopathies occurred in the leu-
kemia cases. In these studies it was determined that on one hand
there was a decrease in the activities of enzymes such as pyruva-
te kinase (PK) (2, 4, 6�13), phosphofructokinase (PFK) (2), and

on the other hand there was an increase in the activities of enzy-
mes such as hexokinase (2, 4, 5), glucose 3-phosphate dehydro-
genase (14), glyceraldehyde 3-phosphate dehydrogenase (15),
glucose 6-phosphate dehydrogenase (G

6
PD) (2, 4). The most

prominent enzymatic changes of malignant diseases were seen
in G

6
PD, PK and PFK. It was claimed that acute non-lympho-
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blastic leukemia (ANLL) would develop in the patients with acqu-
ired erythrocyte pyruvate kinase (ePK) deficiency and acquired
ePK deficiency would resemble an early sign of leukemia, parti-
cularly ANLL (3, 10, 16). Moreover it was further claimed by
several case reports that patients with congenital ePK deficiency
had more probability of developing hematological malignancy
(particularly ANLL) than the normal population (5, 17). As a
result, it was claimed that the findings of a decrease in the activi-
ty of ePK would be helpful in diagnosing the preleukemic states
(2, 3, 10, 12, 14, 16).

Our main purpose was to determine both ePK activity (ePKA)
at the time of diagnosis of patients with acute leukemia or lym-
phoma and the differences in the ePKA profiles during the ex-
tant malignant disease and its chemotherapy. Our aim was to
investigate whether or not ePK, one of the key enzymes of gly-
colysis which is the sole known energy source of erythrocytes,
could be useful in diagnosing the hematological malignancy and
following up the remission in the patients with acute leukemia
or lymphoma.

Patients and methods

In our study we measured the erythrocyte pyruvate kinase
activity in four different groups of patients. The first group was
the ones with ANLL (11 patients); the second was the ones with
relaps of acute lymphoblastic leukemia (10 patients); the third
was the ones with acute lymphoblastic leukemia (32 patients)
and the fourth was the ones with lymphoma (15 patients). The
patients with a newly diagnosed hematological malignancy were
included in the study. None of the patients in these study groups,
except the ones diagnosed with relapse acute lymphoblastic leu-
kemia, received treatment or blood transfusion before the study.
No known ePKA deficiency was present in the family history of
these patients. The patients with a newly diagnosed hematologi-
cal malignancy who have undergone a chemotherapy of any kind
and patients and who received blood transfusion were not inclu-
ded in the study. In addition these groups 42 healthy children,
aging between 1 and 14, were also selected to the control group.
The children included in the control group were selected among
the healthy siblings or relatives of the children brought to the
pediatrics clinic in our university hospital for various reasons.
The primary criterion in the selection of the control group was
that children with no previous illness of any kind were selected
for the study so as not to interfere with the reliability of the stu-
dy. At the beginning of the experiments first venous blood sam-
ples were taken from the patients using glass tubes with EDTA
before any chemotheraphy was started and any blood transfu-
sion was performed. After the chemotheraphy started blood sam-
ples were taken for four more times, with 1.5 months apart betwe-
en each other for each groups separately. In the meanwhile, if a
blood transfusion was performed, the next blood sample was ta-
ken three months after that blood transfusion. These blood sam-
ples were analyzed right away when possible. When it was not
possible to perform the study on the blood samples immediately,
then they were kept at [+4]�[+8] °C for maximum three days in

EDTA. Pyruvate kinase activity was determined according to the
standard methods of ICSH at 37 °C by following the decrease in
absorbance at 340 nm, in a reaction coupled with lactic dehydro-
genase with using hemolysates as an enzyme source (18). The
assay mixture (600 µl) contained: 50 mM 3-(N-Morpholino)
propanesulphonic acid-KOH (MOPS-KOH) at pH 7.5, 100 mM
potassium chloride (KCl), 10 mM 2-mercaptoethanol, 0.18 mM
NADH, 2.4 units of lactic dehydrogenase, 10 mM MgCl

2
, 0.2

mM fructose-1,6 diphoshate, 1 mM ADP, 4 mM phoshpoenol-
pyruvate (PEP) and 15 µl hemolysates as an enzyme source. Re-
actions were initiated by the addition of enzyme. For the pre-
paration of hemolysates, whole blood was centrifuged at 1000
rpm for 5 minutes and the red cells were washed 5 times with
cold saline. Hemolysates were prepared by addition of cold dis-
tilled water prior to assaying. The enzyme activity was expres-
sed in terms of Enzyme Units (µmole of substrate converted/min
per gram of hemoglobin (EU/g Hb)). The other hematological
tests were performed by standard technique. Complete blood
count (CBC), peripheral blood smear, reticulocyte count and lac-
tate dehydrogenase (LDH) were analyzed in the study groups for
all patients.

Treatment schedules
m

The treatment conducted on the patients with relapse ALL
can be observed in Table 1. BFM-90 protocol (19) was applied
to patients with ALL. ABVD treatment (20) was applied to pa-
tients with Hodgkin disease, whereas those with non-Hodgkin
Lymphoma were applied the LSA

2
L

2 
protocol (21).

Statistical analyses
Results are given as the mean±standard deviation and/or

median±interquartile range. Wilcoxon�s signed rank test,
Kruskall�Wallis with Mann�Whitney U Test and Spearman rank
correlation coefficient test were used for statistical evaluation of
the data.

Induction therapy
Idarubicin 10 mg/m2/d, iv, 5�10 minutes infusion, days 0, 7, and 14
Vincristine 2 mg/m2, iv, days 0, 7, and 14
L-asparaginase 6000 IU/m2, sc or iv, days 4, 6, 8, 10, 12, 14, 16,
18, 20
Prednisolone 40 mg/m2 po, 3 weeks
Methotraxate IT 8 mg (Maximum 12 mg), IT, days 0,14, and 28
Cytarabine IT 20 mg/m2, IT, days 0,14, and 28

Consolidation therapy
Idarubicin 10 mg/m2/d, iv bolus, days 1�2
Cytarabine 100 mg/m2/d, iv, 8�12 hours infusion, days 1�5

Continuation therapy (total treatment duration: 18 months)
6-Mercaptopurine 90 mg/m2/d, po
Methotraxate 20 mg/m2/, iv, once in each week

Re-inforcement therapy (it is given every 8 weeks for 4 times)
Vincristine 1.5 mg/m2, iv, days 1
Methotraxate 30 mg/m2/, iv, days 1, 8
L-asparaginase 15000 IU/m2, days 2

Tab. 1. The treatment schedule of the patients with relaps ALL.
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Results

Sixty-eight patients with hematological malignancies who
ranged in age from 1 to 21 years (mean 7.2±3.9; median 6.0±6.0
years old) were enrolled in the study. Of the patients studied, 48
(70 %) were males and 20 (30 %) were females.

Control group
Of the 48 healthy persons who ranging in age from 1 to 14

years (mean 7.3±3.5; median 7.0±6.6 years old) consented to
participate in the control group, 24 (57.1 %) were males and 18
(42.9 %) were females. Their ePKA values ranged between
12.4�26.2 IU/g Hb (mean 18.0±3.7 IU/g Hb).

Group relapse ALL
Six (60 %) of the 10 patients with relapse acute lymphoblas-

tic leukemia forming this group were males and 4 (40 %) were
females. Their ages ranged between 4 and 21 years (mean
10.7±5.5; median 12.0±8.6 years old) and the ePKA were between
7.2 and 15.8 IU/g Hb (mean 12.6±3.2 IU/g Hb). After chemothe-
rapy was started, none of the ePKA samples could be taken from
patients in this group since six of the patients had died and one
of the patients needed blood transfusion quite often. According
to these results, at the time of diagnosis the ePKA of Group re-
lapse ALL was found to be lower compared to the one�s in the
control group (p=0.001). In this group, no correlation could be
found between ePKA at the time of diagnosis and age, sex, he-
matological parameters, LDH.

Group ALL
Twenty one (65.6 %) of the 32 patients with acute lymphob-

lastic leukemia (ALL) forming this group were males and 11
(34.4 %) were females. Their ages ranged from 1 to 13 (mean
5.6±3.2; median 5.0±5.5 years old) and ePKA were between 7.3

and 31.7 IU/g Hb (mean 14.9±7.0 IU/g Hb). According to these
results, the ePKA of Group ALL, at the time of diagnosis, were
found to be lower compared to the one�s in the control group
(p=0.003). In this group, no correlation was found between ePKA
at the time of diagnosis and age, sex, reticulocyte count, hemo-
globin, platelet count, the blasts percentage in bone marrow, the
blasts percentage in peripheral blood smear and LDH. However
a positive correlation between ePKA and MCV (r = 0.520,
p= 0.003) and a negative correlation between ePKA and MCHC
(r = -0.484, p = 0.006) were found. The number of second ePKA
samples were lower in this group due to the blood transfusion
most of the patients had after the initial diagnosis. The mean
ePKA value of this group in the first sampling was 14.89±7.03
IU/g Hb; in the second sampling it was 19.59±14.12 IU/g Hb; in
the third sampling it was 20.14±7.98 IU/g Hb; in the fourth sam-
pling it was 17.78±6.64 IU/g Hb and in the fifth sampling it was
23.82±14.29 IU/g Hb. In Figure 1 the comparison of values of
ePKA of the patients before and after chemotherapy was started
is seen. On Table 2, the ePKA values of the patients at the time
of the initial diagnosis and ePKA values of the blood samples
taken within 1.5 months apart between each other after the che-
motherapy and their descriptive statistics are seen. Since the
number of patients were not enough, the second ePKA samples
and the fifth ePKA samples could not be statistically compared
with the other samples. The comparison between the first ePKA
samples and the third samples showed a significant increase sta-
tistically (p= 0.006). During the comparison between the first
and fourth sampling it was observed that 12 of the 17 patients dis-
played an increase and only 5 patients displayed a decrease. Howe-
ver there was no meaningful statistically difference (p= 0.124).

Group lymphoma
Thirteen (86.6 %) of the 15 patients with lymphoma forming

this group were males and two (13.4 %) were females. Their

Fig. 1. The profiles of ePKA of the patients with ALL before and after chemotherapy.
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ages ranged from 4 to 13 (mean 7.0±3.0; median 6.0±6.0 years
old) and ePKA values ranged from 7 to 43.3 IU/g Hb (mean
16.7±9.1 IU/g Hb). According to these results, there was not a
significantly statistical difference between the ePKA of group
Lymphoma at the time of diagnosis and the one�s in the control
group (p=0.082). There was no positive or negative correlation
between the ePKA at the time of the initial diagnosis and age,
sex, hematological parameters and LDH. However there was a
negative correlation between the ePKA at the time of the initial
diagnosis and MCV (r = -0.609, p = 0.021). The first blood sam-
ples were taken from all patients, but the following blood sam-
ples could be taken from only six of the patients during the se-
cond sampling, ten patients during the third sampling, six pa-
tients during the fourth sampling and four patients during the
fifth sampling. The mean ePKA value for each sampling were as
follows: 16.86±9.15 IU/g Hb for initial sampling, 14.87±2.29
IU/g Hb for second sampling, 17.14±7.45 IU/g Hb for third sam-
pling, 16.55±3.85 IU/g Hb for fourth sampling and 16.81±5.04

IU/g Hb for fifth sampling. Since there was not a sufficient num-
ber of patients to compare in this group, only the ePKA values
of the first and third samplings could be compared. There was a
significant increase statistically between the ePKA values of the
first and the third samplings (p = 0.047).

Discussion

Mitochondria and the capacity for oxidative phosphoryla-
tion are lost at the reticulocyte stage of the erythroid develop-
ment. So the mature red blood cell is totally dependent on anae-
robic metabolism of glucose, the Embden�Meyerhof pathway,
to meet its energy requirements. Pyruvate kinase (PK; ATP; Py-
ruvate 2-0-phosphotransferase EC 2.7.1.40) which is one of the
three key enzymes of this pathway, has four distinct isozymes,
i.e., M

1
, M

2
, L and R (22, 23). Since M

2
-type is the dominant

isozyme in fetal tissues, it is also regarded as a prototype of PK
isozymes (4, 22). In many studies it was reported that besides

Patients ePKA-1 ePKA-2 ePKA-3 ePKA-4 ePKA-5
(IU/g Hb) (IU/g Hb) (IU/g Hb) (IU/g Hb) (IU/g Hb)

HB 7.67 � 24.12 21.80 6.43
DB 17.53  19.29 37.62 28.90    �
ACB 24.50 � � 15.78 �
ZÇ 8.57 � 12.58 12.13 �
FÇ 31.70 � � � �
HÇ 17.31 � � � �
ÖE 7.30 � 10.60 10.38 15.33
MG 18.37 � 15.20 22.30 �
FK 9.74 � 29.47 16.36 24.80
IK 16.46 12.04 � 7.70 �
KK 13.80 � � � �
ÖK 10.66 13.80 16.95 18.60 �
HÖ 9.74 43.94 21.96 � �
EÖ 29.30 � 35.66 26.21 24.66
MCÖ 9.85 � � � �
MÖ 30.87 � � � �
MI 9.39 � 14.22 � �
MR 24.00 � 18.44 � �
ET 12.86 � 16.81 18.44 �
SÜ 15.34 � 18.10 14.46 22.50
FK 17.47 � � � �
ARK 15.53 � � � �
RA 15.06 � 16.01 � �
SD 15.08 8.90 14.56 20.30 �
AG 9.85 � 31.65 13.26 �
RÖ 7.72 � 19.96 31.00 �
HI 22.40 � 12.06 10.38 49.20
MI 7.70 � � � �
PT 13.34 � � � �
MA 8.14 � � � �
MD 10.94 � 16.69 14.29 �
SY 8.15 � � � �

Mean 14.89 19.59 20.14 17.78 23.82
Standard
deviation 7.03 14.12 7.98 6.64 14.29
Range 7.30�31.70 8.90�43.94 10.60�37.62 7.70�31.00 6.43�49.2
Median 13.57 13.80 16.95 16.36 23.58

Tab. 2. The profile of ePKA of the patients with ALL.



Bratisl Lek Listy 2002; 103 (7�8): 238�243242

congenital ePKA deficiencies, there would be secondarily acqu-
ired ePKA deficiencies in some diseases such as; refractory ane-
mia (2�8, 13, 24). However an increase in ePKA was also deter-
mined in some studies in literature (4, 25). Among the primary
reasons that cause ePKA defects in erythrocytes, there are dise-
ases like refractory anemia that affect erythroid cells directly,
and also there are diseases like preleukemia and chronic leuke-
mia that affect erythroid cells indirectly (2, 4, 6, 7, 13, 24, 25).

ePKA values of leukemia and lymphoma at the time of the first
diagnosis

Our descriptive findings concerning ePKA in group relaps
ALL (6) and group Lymphoma (14, 16) are in agreement with
the literature on the whole. In our study, we have found that the
patients with ALL had lower ePKA compared to the control gro-
up which is compatible with the results of the two separate stu-
dies conducted by Voravarn et al (6, 7) and Devi et al (27). Howe-
ver, our finding is not compatible with the studies of Vives Cor-
rons et al (13). In the study conducted by Vives Corrons et al
(13) the ePKA values of 30 patients with ALL were not found to
be different from the ePKA values of the subjects in the control
group. However, there is not a clear statement of whether they
used healthy persons in the control group or unhealthy ones in
the study of Vives Corrons et al (13). This prevents us from rely-
ing on the results of the study conducted by Vives Corrons et al
(13).

The effect of treatment of acute leukemia and lymphoma on ePKA
In our study, we have not been able to obtain a sufficient

number of samples to comment for relapse ALL group. When
the ePKA values of patients with lymphoma were analyzed be-
fore and after the treatment, approximately 1.5 months apart, all
ePKA values were very close to each other and seemed as if
there was not a change, except for the ePKA values of the se-
cond samples. However, it is interesting to see that although the-
re is not a big difference among the mean ePKA values, only one
of the patients displayed a decrease from first sampling to the
third sampling while the other nine patients displayed increases.
When we take a look at the patients with ALL, we can observe a
statistically significant increase from first samples to the third
samples, but no significant increase can be seen among the other
samplings. These results are not compatible with the results of
the previous studies (14, 16, 28). The studies we observed in
literature and discussed showed significant differences from ours
in terms of the patients and control groups because the previous
studies were not longitudinal ones. On the other hand, the sam-
ples taken before chemotherapy and the ones taken during the
chemotherapy belonged to different patients. In this type of stu-
dies, not longitudinal ones, it can not be assumed that individual
differences among the patients will not affect the results. It is
expected for the ePKA to decrease or at least not to increase
after chemotherapy was started because it is known that che-
motherapy inhibits key enzymes of many metabolic pathways
and protein synthesis. The fact that there is an increase in the
ePKA during the first four-month period in our study is related

by us to the fact that the patient�s entering into the remission
period corrects the anomaly to a certain level in erythrocyte me-
tabolism. After the first four-months, we assume that the long-
term effects of chemotherapy on erythrocyte metabolism will be
able to begin. The validity of this hypothesis will be tested with
the studies to be continued by us. In the previous studies, it was
stated that the ePKA would decrease after chemotherapy was
started, but it was not known exactly when this would happen.
Etiemble et al (14) and Renoux et al (16) put forward the hypo-
thesis that chemotherapy-induced erythrocyte enzyme abnorma-
lities might appear 3 months after the onset of chemotherapy
which was necessary to renew the whole erythrocyte population.
However, in our study it can be seen that while the number of
patients having an increase in the enzyme activity was much more
than the number of patients having a decrease in the enzyme
activity up to the fourth sampling which was approximately 5
months after the treatments; the number of decreased ones beca-
me more than the number of the increased ones during the peri-
od when passing from the third samples to the fourth samples.
This condition gives the impression that ePKA began to decrea-
se beginning in the fifth month after chemotherapy was started.
However, the duration of this study was not sufficient to come
up with such a result. At least it is proven with this study that the
hypothesis of Etiemble et al (14) and Renoux et al (16) were
debatable and as a result no ePKA decrease was detected at least
in the first four months.

Several authors have suggested different opinions about why
chemotherapy causes changes in the erythrocyte enzyme activi-
ties. These are as follows; chemotherapy and radiotherapy influ-
ences the cell replication, transcription and translation which
means; any phase of protein synthesis. As a result it causes chan-
ges in the gene expression. The opinion is that there will be chan-
ges in the enzyme activities due to its characteristics in blocking
the key enzymes of the cells and mutagenic influence (14, 16,
28). Some of them claim that chemotherapeutics cause a decrea-
se in the bone marrow stem cell providing normal clone produc-
tion or the partial reversion to fetal form of the erythropoiesis.
Among these, we think the most possible hypothesis is the one
that posttranscriptional or posttranslational or postsynthetic
modifications occur in the enzymatic proteins with the effect of
chemotherapy.

In conclusion, we have the opinion that the measurement of
ePKA might be useful for follow-up the neoplastic treatment due
to the fact that it is detected to be low in leukemia and relapse of
ALL and in normal values after chemotherapy was started. Howe-
ver, more long-term studies, including more number of cases,
are required to be carried out in order to prove the accuracy of
the hypothesis that the measurement of ePKA can be used in
early diagnosis of the seconder acute leukemia which is among
the most dangerous ones of chemotherapeutic complications.
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