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APOPTOSIS INDEX BETWEEN FEMALES AND MALES IN REGULAR
HEMODIALYSIS
(Indeks Apoptosis antara Perempuan dan Laki-Laki pada Hemodialisis Reguler)
Djoko Santoso

ABSTRACT
Many reports have documented apoptosis index in hemodialysis patients, but to date, no single study has directly compared the
apoptosis index of males to females. Data on mortality rate among hemodialytic patients in the hemodialysis center at the Department of
Internal Medicine Dr Soetomo General Hospital, Surabaya, Indonesia show a high number predominated by female patients. Therefore,
to answer the question of whether there is a gender difference in apoptosis index, the researcher studied leukocyte responses in male and
female hemodialysis patients. The apoptosis index of the sample was measured by indirect immunoassay method. Cell lyses, followed
by immunochemical determination of histone-complexed DNA fragments in a microtiter plate wells. The apoptosis quantization was
obtained by determining the amount of colored product spectrophotometrically. One hundred and four non-diabetic subjects who
received hemodialysis (HD), and 24 normal controls (NC), were evaluated. The apoptosis index in ESRD patients group and control
group showed no significant difference (0.6172 vs 0.4008, p=0.114), neither did it vary in both sexes and age groups. When the sex
factor was analyzed (after exclusion from the diabetic ESRD patients), females apoptosis index was significantly higher than that of the
males (0.7325 vs 0.55175, p<0.05). In conclusion, apoptosis index in females among non-diabetic patients undergoing hemodialysis
is higher than that occur in males and controls.
Key words: Apoptosis index, hemodialysis, gender
ABSTRAK
Banyak laporan telah memuat indeks apoptosis di pasien hemodialisis. Namun sampai saat ini, tidak ada satupun penelitian yang
langsung membandingkan indeks apoptosis perempuan terhadap laki-laki. Data angka kematian di antara pasien hemodialisis di
pusatnya di Departemen Penyakit Dalam RSU Dr. Soetomo, Surabaya, Indonesia cukup tinggi dan lebih banyak pengidap perempuan.
Oleh karena itu, untuk menentukan perbedaan terkait jenis kelamin dalam indeks apoptosis, diteliti respons leukosit di pasien
hemodialisis laki-laki dan perempuan. Untuk mengetahui indeks apoptosis, sampel diukur dengan metode imunoasai indirek. Lisis
sel, diikuti dengan penentuan imunokimiawi dari fragmen DNA terhimpun histon dalam piring mikrotiter. Kuantisasi apoptosis
dilakukan dengan menentukan jumlah hasilan yang berwarna secara spektrofotometri. Sebanyak 104 subjek non-diabetes yang
menjalani hemodialisis (HD) dinilai, dan 24 orang yang sehat (NC) sebagai pembanding. Indeks apoptosis di kelompok pasien
ESRD dan kelompok pembanding menunjukkan tidak ada perbedaan yang bermakna (0,6172 vs 0,4008, p=0,114). Di samping itu
juga tidak beragam di kedua jenis kelamin dan kelompok umur. Ketika faktor jenis kelamin dianalisis (setelah tidak disertakan dari
pasien ESRD diabetes), indeks apoptosis perempuan lebih tinggi secara bermakna dibandingkan dengan laki-laki (0,7325 vs 0,55175,
p<0,05). Berdasarkan telitian ini dapat disimpulkan bahwa di kelompok perempuan non-diabetes yang menjalani hemodialisis,
indeks apoptosis lebih tinggi dibandingkan dengan kelompok laki-laki dan pembandingnya.
Kata kunci: Apoptosis indeks, hemodialisis, jenis kelamin

INTRODUCTION
In 2000-2003 a high rate of mortality can be found
in the hemodialysis center, 28.4%.1 Hemodialysis (HD)
patients show the characteristic accelerated rate of
apoptosis, and this can play a key role in the defective
immune response of these patients. This matter could
be the progressive worsening of the overall clinical
condition.2–4
Accelerated mononuclear cell apoptosis and high
levels of pro-inflammatore cytokines are often seen
in patients with uremia.5 An increased apoptotic

rate of peripheral blood mononuclear leukocytes in
hemodialysis patients has been reported in several
studies.3,6
Apoptosis, a physiological suicide mechanism, is the
most common form of eukaryotic cell death. This type
of cell death naturally occurs during normal tissue
turnover, embryonic development of tissue, deletion
of autoreactive T-cell and following removal of specific
growth factors like interleukin (IL)-2 or addition of
physiological stimuli like tumour necrosing factor
(TNF) and glucocorticoids.8
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Inappropriate regulation of apoptosis may play
an important role in many pathological conditions.
Monocyte/macrophage plays a major role of apoptosis
in patients suffering from end stage renal disease
(ESRD), who generally have immunodeficiency. The
existence of a persistent toxin is one of the monocyte
stimulations to keep active. Several studies found that
the monocytes of patients with chronic renal failure
have high levels of scavenger receptors, TNF receptor
(which is a marker of the active monocyte) compared
to the healthy group. Such condition has also been
demonstrated in patients with ESRD who underwent
dialysis and those not yet on dialysis.9
Toxins continuously exist in patients with terminal
renal failure. The toxins are responded by the ability
of the body through immune response to minimize
biological shock of the cells in their involvement
in body reaction against urea. This understanding
underlies immunological processes that lead to the
protection with two possibilities, mild or severe shock
in the form of apoptosis if the problem continues
without interruption.10 This response includes the
body’s resistance to stressors, in particular in the
mechanism of homeostasis. This matter can be
understood that monocytes proliferate and /or undergo
apoptosis in order to balance the stable condition.
Numerous studies have documented the gender
difference in the immune response of healthy adults.
However, there is only limited information regarding
whether such a difference exists in Chronic Kidney
Disease patients. As far as the researcher’s knowledge
is that only a handful of studies have compared how
males and females respond to injury. The researcher’s
data on hemodialysis patients revealed that gender
is a variable to be considered in predicting patient
outcome, due to a higher mortality observed in
females compared with males receiving hemodialysis
in a certain period. Although many reports have
documented apoptosis index, but to date, no single
study has directly compared the apoptosis index of
male to female hemodialysis patients. Therefore,
to answer the question of whether there is a gender
difference in apoptosis index, leukocyte responses
in male and female hemodialysis patients have been
studied.

those taking immunosuppressive medication known
to interfere with the immune system, were excluded
from this study.
All the patients had been hemodialyzed for at least 6
months. Bicarbonate dialysate solutions were used, the
blood flow was 175–225 mL/min, and dialysate flow
rate was 500 mL/min in patients receiving HD. Blood
samples were collected before starting the hemodialysis
procedure in HD Patients. Antihypertensive drugs were
taken when needed. Blood samples were collected in
sterile tubes, containing EDTA.
Blood was taken using anticoagulant, centrifuged
and then the buffy coat was removed. The white blood
cells were lysed with buffer lysate, centrifuged, and
the filtrate was analysed by ELISA kit. The method
using ELISA kit is an indirect enzyme immunoassay
employing mouse monoclonal antibodies for
measurement of soluble nuclear matrix protein.
Results are determined by a spectrophotometer with
an absorbance of 450–595 nm. Minimal detection of
the reagent is 10 U/mL.

MATERIALS AND METHODS

Statistical Analysis

Among all patients admitted to the Dr Soetomo
General Hospital in 2004, 104 subjects of both sexes
were eligible for this study. Apotosis was also obtained
from 24 healthy controls. Patients with DM, those
showing clinical of infection or malignancy, and

The data were expressed as means + SD. Statistical
analysis was performed using the non parametric
ANOVA test to compare the data between these three
groups to find the differences between the two groups.
Statistical significance was assumed at P<0.05.

The Measurement of Apoptotic Cell Death in
Cellular Systems
The assay was based on quantitative sandwichenzyme-immunoassay-principle
using
mouse
monoclonal antibodies directed against DNA and
histones, respectively. The sample (cell-lyzate, serum)
was placed into a streptavidin-coated MP. A mixture
of anti-histone-biotin and anti-DNA-POD was added
and incubated. During the incubation period, the antihistones antibody binded the histones-component
of the nucleosomes and simultaneously capture
the immunocomplex to the streptavidin-coated MP
via its biotinylation. Additionally, the Anti-DNAPOD antibody reacted with the DNA-component of
the nucleosomes. The next step was removal of the
unbound components (antibodies) by a washing
step. The amount of nucleosomes was followed by
immunochemical determination of histone-complexed
DNA fragments. Apoptosis quantification was obtained
by determining the intensity of the colored product
spectrophotometrically. One hundred and four nondiabetic subjects who received hemodialysis (HD), and
24 normal control (NC), were evaluated.
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Table 1. Baseline characteristics of patients
Characteristics
Age, years old
Sex,
Female
Male
Patients based on frequency of HD
HD<2 times a week
HD=2 times a week
Laboratory data:
Hb (gr/dL)
BUN (mg/dL)
Creatinine (mg/dL)
Albumin (g/dL)

Patients (n=104)
44.24 (±13.84)
36
68
61
43
7.8 (±1.95)
72.6 (±26)
13.1 (±4.15)
3.8 (±0.39)

The apoptosis index in HD patients group and
control group showed no significant difference (see
Table 2), neither did it vary in both sexes and age
groups.
When the sex factor was analyzed, females
apoptosis index was significantly higher than that of
the males (see Table 3).
The female apoptosis index was also higher than
the control group (see Table 4), while males apoptotic
index was not significantly different compared to the
control group (see Table 5). Not only the frequency
of dialysis, but also the age factor was analyzed, yet
the females apoptosis index outnumbered the males
index.
Apoptosis process is initiated by several numbers
of different stimuli such as oxidative stress, cytokine,
including uremic syndrome.11 Toxins in CKD (Chronic
Kidney Disease) patients responded by macrophages
via a complex intracellular mechanism in which
eventually it gives rise to a number of active products,
Table 2. Comparison of apoptosis index between control
group and patient group
Apoptosis Index
Statistic
(means)
0.6172±0.6799
Non-parametric ANOVA
test
0.4008±0.5453
P=0.114 (NS)

NS, not significant

Table 3. Comparison of apoptotic index between males and
females among patients group

Female (n=36)

Apoptotic Index
(means)
0.7325±0.7023

Male (n=68)

0.5517±0.6182

Sample Group
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Sample Group
Male
HD<2 times a week
(n=41)
HD 2 times a week
(n=27)
Control (n=5)

Apoptotic
Index
(means)
0.6280±0.6839
0.4863±0.5524

Statistic

Non-parametric
ANOVA test
P>0.05 (NS)

0.9800±0.9697

NS, not significant

Tabel 4. Comparison of apoptotic index between female
group and control group

RESULTS AND DISCUSSION

Sample
Group
HD patients
(n=104)
Control
(n=24)

Tabel 5. Comparison of apoptotic index between male groups
and control group

Statistic
Non-parametric
ANOVA test
P<0.05

Sample Group
Female
HD<2 times a
week (n=20)
HD 2 times a week
(n=16)
Control (n=19)
(a) =
(b) =
(c) =

Apoptotic
Index
(means)

Statistic

0.6775±0.6249

P=0.863(a)

0.7875±0.7797

P=0.007(b)

0.2463±0.2321

P=0.009(c)

HD<2 times a week compared with HD 2 times a week (not
significant)
HD 2 times a week compared with control
HD<2 times a week compared with control

such as TNF-α. This apoptotic process is in either
undergoing or not yet undergoing hemodialysis.12
Previous studies have documented impaired
functions of immune cell types in the hemodialysis
patients, including macrophages which play a central
role in triggering the immune dysfunction.13
This macrophage activation becomes more
intensive by the increase of lysosomal activation.14
Consequently, this activated macrophage may
secrete cytokines (IL-1, IL-6, TNF-α) that play a role
in inducing the inflammatory reaction and induce
bone marrow to increase leukocyte production. The
occurred leukocytosis is addressed to control apoptotic
process.15
When this pathway does not occur, the
predominant one will be the production of TNF-α, and
then if TNF-α binds with FAS from cells, apoptosis
may occur and becomes difficult to be controlled.
This process is confirmed by Kuby who found in
his study that cell death mechanism can take place
through the binding between ligands and FAS on
the cell surface. Furthermore, the presence of L-F
binding on cell surface may trigger Fas-associated
death domain (FADD) activity, and the FADD activates
caspase cascade that induce DNA-ase thus DNA-ase
damage DNA resulting in apoptosis.11 In this study
the apoptosis index was observed in HD patients with
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Figure 1.

The concept of leukocytes apoptotic balance in patients with ESRD2,3,6,7,9

non-DM underlying disease. The researcher found that
the apoptosis index was elevated in the HD patients
which suggest that immune function in HD patients is
influenced by the uremic toxin.
In this study, based on statistical analysis, it is found
that there are differences in the levels of apoptosis
index between male and female hemodialysis patients
and also in the normal group. In the female group the
apoptosis index was significantly higher than that in
the male and normal groups. The elevated apoptosis
index in females suggests the gender as a prominent
influential factor such as the one mentioned in the
theory. It is very interesting that according to the
facts found in this study the gender factor is worth
to consider. However, the researcher was not able to
explain why there is a difference in apoptosis index
in male and female HD patients. This suggestion is
reasonable because of various factors influencing the
process of apoptosis, such as dialysis, frequency of
hemodialysis, and age.16,17
After statistical tests, these factors were found
not to differ significantly between the two groups.
Important factors, such as underlying disease of DM, in
this study have been controlled through the process of

exclusion. If the researcher refers to the previous study,
it has been declared that the presence of antibody
and CTL (Cytotoxic T Lymphocyte) are stimulated by
exposure to toxic substances that have a close affinity.18
Phagocyte elements response circulating in CKD body
will try to normalize and maintain the homeostasis of
apoptosis adverse conditions.19
The number of antibody products depends on the
nature of the cause and also on the characteristics
of the hosts, in addition to age, genetic, metabolic,
microbial, as well as gender factors,8,20 the researcher
suggest that the immune function in HD patients is
also influenced by levels of gonad steroid hormones.
Therefore, the researcher suggest that elevated
apoptosis index of mechanism is thought to be related
to gonad hormone and activated macrophages which
release of TNF-α and IL-6. TNF-α and IL-6 have the
ability to trigger an increase in bone marrow tissue
leukocytes that are intended to maintain homeostasis.11
Based on this idea, there emerges a notion that
apoptosis depends on the levels of IL-6 and TNF-α. If
both are within the prime framework, cells undergoing
apoptosis and cells produced are in balance.21
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On the other hand, as suggested by DescampsLatscha (1996), urea itself also causes tissue injury that
will be followed by an increase in apoptosis process,
so that the combination of the above will add greater
effect to the process.22 If the urea is only temporary,
the body response can overcome this. However, if the
toxin continues, the production of IL-6 and TNF-α is not
balanced so that there will be a lack of IL-6 elements
that lead to increased susceptibility to toxic load.23 In
this study, the high apoptotic index in female group
may be associated with IL-6 level which, unfortunately,
was not measured. Although the researcher did not
examine IL-6 in this study, referring to previous
studies, it was found that IL-6 level is lower in females
than in males in this HD population.24 Thus, it seems
reasonable to guess that this difference may be affected
by sufficient activity of IL-6. Based on the previous
study, in HD patients, toxin enhances IL-6 secretion by
toxin-activated human peripheral blood mononuclear
cells and macrophages.25,26 This is accomplished, in
part, by the production of other cytokines, including
tumour necrosis factor α (TNF-α).9
Chia-Chao also suggests that in ESRD patients,
their monocytes may produce pro-inflammatory
cytokines, such as IL-1ß, IL-6, TNF-α, and TNF-α-R
which in monocytes is also increased.18 In this study,
a high apoptotic index in women may be explained by
such a concept. The immune function in HD patients is
also influenced by levels of gonad steroid hormones.
Like many other diseases, accelerated apoptosis in
Chronic Kidney Disease appears both in females and
males.27 Due to the differences of hormones, apoptosis
index in females differ from that in males. In contrast,
even though our study exhibits a significant difference
in gender, but the results of our study do not support
the idea that apoptosis in male patients with chronic
renal diseases was significantly higher compared with
female subjects.28 Then, what are the specific causes for
females to get this? First of all, compared with males,
females have a poor immunity, which makes females
prone to get diseases. Moreover, due to the poor
immunity, females are easier infected than males. In
addition, infection is the inducing factor of apoptosis.
The host immune mechanisms that can be viewed as
a whole as a set of protective instruments comprising
various components that protect the host from adverse
effects of harmful stimulators. In CKD conditions,
which is generally aggravated by malnutrition, defects
may be found in all aspects of body defences, at least
phagocyte dysfunction.5,8 It is not surprising that
the nutritional given factor was evident in studies
of malnutrition in developing countries and highly
correlated with failure of development of immune
response in young people with nutritional deficiencies.
Although this study did not directly observe the
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measurement of malnutrition parameter, earlier study
from the same population demonstrated that the
presence of malnutrition of over 60 percent are very
likely to aggravate the process of apoptosis.29

CONCLUSIONS
This study report the demonstration that there
are differences in apoptosis index of male and female
hemodialysis patients. The apoptosis index in females
among non-diabetic patients undergoing hemodialysis
is higher than that in males and controls. Further
studies must be performed to fully understand the
mechanisms which may regulate this difference and
to confirm the result of this research.

ACKNOWLEDGMENT
The author acknowledges Dr. I Ketut Sudiana,
M.Kes for his suggestions and support in the
preparation of this article.

REFERENCES
1. Santoso D, Yogiantoro M, Pranawa et al. Mortality risk factos: 3
years mortality after first hospitalization in hemodialysis patients
treated in Soetomo Hospital, Surabaya. Indonesia. Abstract.
2007. Accessed from: www.jsn.go.jp/AFCKDI2007/abstract/
5_18.html.
2. Heidenreich S, Schmidt M, Bachman J, Harrach B. Apoptosis
of Monocytes Cultured from Long-Term Hemodialysis Patients’.
Kidney Int, 1996; 49: 792–8.
3. Jaber BL, Cendoroglo M, Balakrishnan VS, Perianayagam MC,
King AJ, Pereira BJ. Apoptosis of leukocytes: basic concepts and
implications in uremia. Kidney Int 2001; 78: S197–S205.
4. Carracedo J, Ramirez R, Madueno JA et al. Cell apoptosis
and hemodialysis-induced inflammation. Kidney Int 2002;
80: 89–93.
5. Cohen G, Haag-Weber M, Horl WH. Immune Dysfunction in
Uremia. Kidney Int 1996; Suppl. 62: S79, 82–3.
6. Koliousi Evartholomatos G, Katopodis KP, Kolaitis N, Siamopoulos
KC. Effect of the hemodialyisis session on Bcl-2 expression in
peripheral blood mononuclear cells in vivo. Blood Purif 2006;
24: 542–7.
7. Majewska E, Baj Z, Sulowska Z, Rysz J, Luciak M. Effects
of uremia and haemodialysis on neutrophil apoptosis and
expression of apoptosis related proteins. Nephrol Dial Transplant
2003; 18: 2582–88.
8. Darnell J, Lodish H, Baltimore D. Molecular Cell Biology, 2nd Ed.,
New York, Scientific American Book, 1990; 559.
9. Dounousi E., Koliousi E., Papgianni A., Loannou K., Zikou
X., Katopodis K., Kelesidis A., Tsakiris D., Siamopoulos K.C.:
Mononuclear Leukocyte Apoptosis and Inflammatory Markers
in Patients with Chronic Kidney Disease. Am J Nephrol 2012;
36: 531–536.
10. Cendoroglo M, Jaber BI, Balakrishnan VS, Perianayagam MC,
King AJ, Pereira BJG: Neutrophil apoptosis and dysfunction in
uremia. J Am Soc Nephrol 1999; 10: 93–100.
11. Kuby. Immunology, 4th Ed., New York, WH Freeman & Co., 2000;
359–60, 383–6.

Indonesian Journal of Clinical Pathology and Medical Laboratory, Vol. 19, No. 3, Juli 2013: 150–155

12. Fernandez-Fresnedo G, Ramos M.A, Gonzalez-Pardo M.C,
de Francisco A.L, Lopez-Hoyos M, Arias M. B. Lymphopenia
in uremia is related to an accelerated in vitro apoptosis and
dysregulation of Bcl-2. Nephrol. Dial. Transplant. 2000; 15:
502–510.
13. Goldblum SE, Reed WP. Host Defences and Immunologic
Alterations Associated with Chronic Hemodialysis. Ann Intern
Med, 1980; 93: 597, 612–3.
14. Wheater PR, Burkitt HG, Daniel VG. Functional Histology.
Melbourne, Churchill Livingstone, 1987; 163.
15. Glorieux G; Vanholder R; Lameire N. Uraemic retention and
apoptosis: what is balance for the inflamatory status in uraemia?
Eur. J. Clin. Invest. 2003; 33: 631–634
16. Sardenberg C. Suassuna P. Andreoli M.C. Watanabe R, Dalboni
M.A, Manfredi S.R, dos Santos O.P, Kallas E.G, Draibe S.A,
Cendoroglo M. Effects of uraemia and dialysis modality on
polymorphonuclear cell apoptosis and function. Nephrol. Dial.
Transplant. 2006; 21: 160–165.
17. Soriano S, Martin-Malo A, Carracedo J, Ramirez R, Rodriguez M,
Aljama P. Lymphocyte apoptosis: Role of uremia and permeability
of dialysis membrane. Nephron. Clin. Pract. 2005; 100: C71–
C77.
18. Chia-Chao Wu, Jin-Shuen Chen, Shih-Hua Lin, Pauling Chu, YuhFeng Lin, Su-Mei Lin, Tung-Nan Liao. Aberrant Activation of TNFalpha System and Production of FAS and Scavenger Receptors on
Monocytes in Patients with End-Stage Renal Diseases, Blackwell
Publishing, Inc. 2005; 299 (9): 701–7.
19. Parijs LK, Abbas AK: Homeostasis and self- tolerance in the
immune system. Turning lymphocytes off. Science 1998; 280:
243–248.
20. Heng Fong. Pathogen Interaction with Cytokines and Host
Defense: An overview. Immunology and Immunopathology
Veterinary Seow. 1998; 63: 139–48.
21. Glorieux G, Vanholder R, Lameire N. Uraemic retention and
apoptosis: what is the balance for the inflammatory status in
uraemia? Eur. J. Clin. Invest. 2003; 33: 631–634.

22. Descamps-Latscha B, Jungers P. New Molecular Aspects Of
Chronic Uraemia And Dialysis-Related Immunocompetent
Cell Activation. Nephrol Dial Transplant. 1996; 11 (suppl. 2):
121–41.
23. Girndt M, Kohler H, Schiedhelm-weick E, Schlaak JF, Meyer zum
Buschenfelde KH, Fleischer B. Production of Interleukin-6, Tumor
Necrosis Factor Alpha and Interleukin-10 in vitro correlates with
the Clinical Immune Defect in Chronic Hemodialysis Patients.
Kidney Int. 1995; 47: 559, 565–70.
24. Santoso D, Yogiantoro M, Pranawa et al. Plasma Interleukin-6
and Nutrition in hemodialysis Patients Soetomo. The 27th World
Congress of Internal Medicine, Granada, September 26-October
1 2004.
25. Bolton CH, Downs LG, Victory JG, Dwight JF, Tomson CR,
Mackness MI, Pinkney JH: Endothelial dysfunction in chronic
renal failure: roles of lipoprotein oxidation and pro-inflamatory
cytokines. Nephrol Dial Transplant 2001; 16: 1189–1197.
26. Shlipak MG, Fried LF, Crump C, Bleyer AJ, Manolio TA,
Tracy RP, Furberg CD, Psaty BM: Elevations of inflammatory
and procoagulant biomarkers in elderly persons with renal
insufficiency. Circulation 2003; 107: 87–92.
27. Matsumoto Y, Shinzato T, Amano I, et al. Relationship between
Susceptibility to Apoptosis and FAS Expression in Peripheral
Blood T Cells from Uremic Patients: A possible mechanism for
lymphopenia in chronic renal failure. Biochem Biophys Res
Commun, 1995; 215: 98, 105–9.
28. Gandolfo MT, Verzola D, Salvatore F, Gianiorio G, Procopio
V, Romagnoli A, Giannoni M, Garibotto G. Gender and the
progression of chronic renal diseases: does apoptosis make the
difference? Minerva Urol Nefrol. 2004 Mar; 56 (1): 1–14.
29. Santoso D., Yogiantoro M, Pranawa et al. Nutritional condition in
hemodialysis patients: Difference between groups in SurabayaIndonesia and Juntendo-Japan. Presented in 47th Annual Meeting
of the Japanese Society of Nephrology, Tochigi-Japan, 27–29 Mei
2004.

Apoptosis Index between Females and Males - Santoso

155

