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Abstract

Background: Transfusion-associated graft-versus-host disease is a complication being mortal in 90% of cases. Today, Co-60 devices
are utilized for the suppression of the lymphocytes to prevent this complication. Due to problems such as radioactive source age,
problems in source replacement, and protection risks, we sought to replace a linear accelerator for this purpose and carefully de-
terminate the X-ray dose and other settings.
Methods: First, the venous blood of the right-handed people with blood group O+ was exposed to different radiation doses of Linac
and diluted. The proliferative responses of the exposed cells were examined by MTT assay and TB in comparison with controls after
48h. The average percentage of cell survival at each delivered dose and the required dose of radiation for the inhibition of lympho-
cyte proliferation were checked and the optimal dose of radiation was obtained as 25 Gy in a special radiation condition.
Results: The results indicated that the irradiation with 25 Gy at 3.5 Gy/min in the internal mid-plan by compact 6MV for 30*30-field
size at an 8 cm-distance of the samples to the source and 1370-monitor unit could completely suppress the lymphocytes. Under the
same condition and 1096-monitor unit for total 20 Gy, we did not find optimal results.
Conclusions: In this research, we found that a linear accelerator in a specific exposure condition is a suitable alternative for Cobalt-
60 sources and the above-mentioned condition of irradiation can be used to overcome the GVHD concern.
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1. Background

Red blood cell transfusion is crucial in some cir-
cumstances such as acute anemic patients (1). How-
ever, transfusion-associated graft-versus-host disease (TA-
GVHD) is an important and fatal complication of blood
transfusion with clinical manifestations including fever,
skin rash, diarrhea, nausea, vomiting, hepatitis, and pan-
cytopenia with a morbidity of about 90%, especially in im-
munocompromised people (2).

The first clinical TA-GVHD was reported in 1955 and
later, a report of graft-versus-host disease (GVHD) was
published in bone marrow transplantation (3). In 1974,
GVHD was seen in normal infants after intrauterine and
exchange transfusions for Rh-incompatible-hemolytic dis-

ease; and later, karyotype analysis showed that it is related
to lymphocytes (4). The number of transfused lymphocyte,
which is a key factor in TA-GVHD induction, should be re-
duced to prevent the risks of TA-GVHD, and irradiation has
been the method largely used for this purpose (2).

Fortunately, TA-GVHD can be prevented by irradiation
of blood products, and blood irradiation is one of the best
ways of its prevention (5). For this purpose, blood and its
components can be irradiated with gamma rays by 137Cs,
60Co, or x-ray sources (6). The irradiation on RBC and
platelets is not a limiting factor in clinical purpose. How-
ever, the suppression of lymphocytes, as one of the most
radiosensitive cells of the body, is intensive (7). The irradia-
tion of blood transfusion is necessary for patients who are
at higher risk of TA-GVHD to reduce the number of lympho-
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cytes in donor blood (8).

For the suppression of lymphocytes, the radiation can
induce DNA aberrations in these cells (9). The magnitude
of the radiation effects is associated with many factors in-
cluding the characteristics of the irradiated system such
as its cell type, age, and chemical content (10). Even some
reports are indicating the difference in radiosensitivity of
different blood groups (11). Besides these biological and
chemical differences, the differences in physical properties
of radiation and instruments such as dose, dose rate, and
radiation type can change the effect of radiation on biolog-
ical systems (10).

Irradiation of blood products can be done by the
sources of gamma or x-rays. Gamma rays are monoener-
getic while x-rays have an energy spectrum. All of these
differences imply that we need periodical revision on the
protocols of blood products irradiation. Due to problems
such as radioactive source age, problems in source replace-
ment, and protection risks, gamma sources are replac-
ing linear accelerators (Linac). According to the problems
mentioned above and the fact that the issue has not been
studied in Iranian populations yet, the aim of this research
was to investigate the optimum Linac dose for the lym-
phocyte suppression in bone marrow transplantation. All
patients who were candidates for transplantation, before,
during, and after the transplantation gave blood products
that were the population concerned for the fatal GVHD re-
action.

2. Methods

2.1. Blood Samples and X-Ray irradiation

8 ml Peripheral blood samples of the healthy right-
handed people with O+ blood group aged 20 - 40 years, who
had consented to participate in the study, were transferred
aseptically into two 10 ml polystyrene centrifuge tubes (4
ml each) containing heparin as an anticoagulant and gen-
tly mixed. Then, 20 or 25 Gy X-ray was irradiated at the rate
of 3.5 Gy/min in the internal mid-plan by compact 6MV for
30*30-field size, with 8 cm-distance of the samples to the
source, and 1370 monitor unit 6MV photon (Elekta com-
pact, Sweden). The Linac is currently in use for patient
treatment; it is calibrated and has its standard. It is cali-
brated daily based on the center protocol. The Linac abso-
lute dose calibration was done by standard 0.6 ml cylindri-
cal chamber (PTW 30013, Germany) and a PC electrometer,
both of which had a valid calibration certificate from Ira-
nian SSDL. The beam profile was checked by a calibrated 2D
profiler (Sun Nuclear, USA).

2.2. Isolation and Culture of PBMCs

Under sterile condition, 3 ml of PBS solution was added
to the tubes. The diluted blood samples were gently lay-
ered on 3.5 ml Ficoll-Hypaque® solution (Bio-West, France)
and isolated by density centrifugation at room tempera-
ture (20 minutes at 700 g). The buffy coat was collected and
washed with PBS (centrifuged at 250 g for 10 min) and then,
resuspended in 1 ml RPMI-1640 medium (PAA, Austria). The
cell viability was determined soon after using trypan blue
dye exclusion staining.

The cells were seeded in a 96-well plate (105 cells
per well) and 200 µl of complete medium supplemented
with/without PHA was added to each well. Then, the cells
were incubated in humid air containing CO2 (5%) at 37oC.

2.3. Viability Assay Using MTT Assay

After 48 h incubation, 50µl of MTT solution (5mg/ml in
PBS) was added to each well; after 3.5 h incubation at 37˚C,
50 µl of the supernatant gently was removed, and 150 µl
of acidic isopropanol (0.04 N HCl) was used to dissolve the
formazan precipitate. Then, the optical density was read at
570 nm using an ELISA reader (rayto, China) and 630 nm
was used as the reference wavelength.

2.4. Viability Assay Using Trypan Blue (TB) Assay

After 48 h incubation, the PBMCs were thoroughly re-
suspended by moving the media up and down and soon
after, the viable cells were counted using TB dye exclusion
technique.

The results were analyzed by SPSS version 16 using one-
way ANOVA test. The research was approved by the ethics
committee of our institute.

3. Results

The MTT assay results for 25 Gy are depicted in Figure 1.
A significant difference was observed between 25 Gy irradi-
ated and non-irradiated samples. The results demonstrate
that the dose of 25 Gy at 3.5 Gy/min in the internal mid-plan
by compact 6MV for 30*30-field size, with 8 cm distance
of the samples to the source, and 1370 monitor unit com-
pletely suppressed lymphocytes.

However, the difference was not significant for 20 Gy
irradiation. Under the same conditions and 1096 monitor
unit for total 20 Gy, we did not find optimal results.

The viability of the cells obtained by the TB method
(Figure 2) was completely in agreement with that obtained
by MTT assay. The result of 25 Gy irradiation of blood prod-
ucts resulted in a significant suppression of lymphocytes.
Nevertheless, 20 Gy irradiation in the above-mentioned
conditions did not result in the significant suppression of
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Figure 1. MTT assay results for 20 and 25 Gy blood products irradiation with and
without PHA

lymphocytes compared to the control group. Both MTT
and TB assays revealed that cytotoxicity of PHA is not signif-
icant at these doses and they did not affect the lymphocyte
suppression under radiation conditions.
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Figure 2. TB assay results for 20 and 25 Gy blood products irradiation with and with-
out PHA

4. Discussion

An important point in the exposure of blood and blood
products by a linear accelerator is to determine the appro-
priate dose of lymphocyte suppression without damage
to other blood cells, and the other is designing an appro-
priate exposure manner. In this research, we found that
the linear accelerator with specific exposure condition is
a suitable alternative for the use in bone marrow trans-
plantation and this condition of irradiation can be used.
There is no similar work in this region (Iran), and because
of differences in genetic and race factors, the results of this
study could complete the other documents. The current
study presented precisely with details that irradiation with
25 Gy at 3.5 Gy/min in the internal mid-plan by compact
6MV for 30*30 field size at 8 cm distance of the samples to
the source and 1370 monitor unit completely suppress lym-
phocytes. The results could be useful in the middle east re-
gion and neighbors as an important step in designing an
appropriate exposure manner. We selected the most resis-
tant blood group against radiation according to previous
studies (11, 12), making a difference between our study and
other similar studies. The other distinction of our study
was the age range that was selected in our study from 20
to 40 years.

Lymphocytes as a part of the immune system are one of
the most sensitive cells to radiation. The different types of
lymphocytes could serve in innate or adaptive immunity
(13). These cells could be suppressed by irradiation because
of their higher radiosensitivity to prevent GVHD. The lym-
phocytes depletion starts at low doses of radiation; but to
prevent GVHD, we prefer to suppress almost all of the lym-
phocytes in the blood components of the donor (14).

Valerius et al. in 1981 studied the response mechanism
of lymphocytes against mitogen agents after irradiation,
finding that at least 20 Gy is needed for suppression (15).
However, after the occurrence of GVHD, this dose was ques-
tioned (16). Another study concluded that 30 Gy gamma ra-
diation is needed to eliminate lymphocytes (17). The Japan
Society of Blood Transfusion released guidelines for the ir-
radiation of blood, and it was updated several times. As the
society recommended, we need to revise the guidelines of
blood irradiation to reduce the risk of TA-GVHD (18).

Our results showed that the viability of cells decreased
as a function of the radiation dose. In our study, the viabil-
ity of cells after receiving 25 Gy x-ray was significantly lower
than the viability at 0 and 20 Gy. The decrease in viability is
in agreement with the literature. However, different con-
ditions such as radioprotector and radiosensitizer agents
(19), radio-adaptive dose and dose rate, (10), and other fac-
tors could lead to different results and the modulation in
the effect of radiation could occur at higher doses.
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Our study indicated that to overcome the transfusion-
associated graft-versus-host disease concern, the required
dose is 25 Gy at the rate of 3.5 Gy/min in the internal mid-
plan by compact 6MV for 30*30 field size at 8 cm distance of
debt to the tray and 1370 monitor unit. Davey reported that
2500 cGy would inactivate donor lymphocytes and prevent
TA-GVHD, which is in agreement with our results (20). Góes
et al. reported that at 25 Gy radiation dose, no growth was
detected while at lower doses, T cells growth was observed
(21). Rosen et al. concluded that a nominal dose of 2898 cGy
is needed to achieve this goal (17).

Our study showed that the required radiation dose to
eliminate GVHD by LINAC is 25 Gy, which is in agreement
with earlier studies. We conducted the viability assay using
both TB and MTT assays that gave similar results. The study
could continue with different conditions such as higher x-
ray energy in future.

In our study, we aimed to dysfunction leukocytes
to prevent GVHD, which can occur by injecting blood,
platelet, and plasma. For leukocytes and other types of in-
fusion, we did not irradiate these products and we did not
study other types of transfusions, such as leukocyte and
granulocyte infusion. However, the GVHD for other types
of transfusion is a concerning issue, too. We suggest study-
ing the concerning issue of GVHD for other types of trans-
fusions such as granulocyte and lymphocyte transfusions,
especially in immunocompromised patients.

In this research, we found that a linear accelerator with
specific exposure condition is a suitable alternative for
Cobalt-60 sources and the above-mentioned condition of
irradiation can be used to overcome GVHD concern.

Footnote

Funding / Support: The study was funded by Deputy of Re-
search, Babol University of Medical Sciences, Babol, Iran.

References

1. Adams F, Bellairs G, Bird A, Oguntibeju O. Biochemical storage lesions
occurring in nonirradiated and irradiated red blood cells: a brief re-
view. BioMed Res Int. 2015;2015.

2. Kopolovic I, Ostro J, Tsubota H, Lin Y, Cserti-Gazdewich CM, Mess-
ner HA, et al. A systematic review of transfusion-associated graft-
versus-host disease. Blood. 2015;126(3):406–14. doi: 10.1182/blood-2015-
01-620872. [PubMed: 25931584].

3. Hathaway WE, Fulginiti VA, Pierce CW, Githens JH, Pearlman DS,
Muschenheim F, et al. Graft-vs-host reaction following a single blood
transfusion. JAMA. 1967;201(13):1015–20. [PubMed: 6072477].

4. Parkman R, Mosier D, Umansky I, Cochran W, Carpenter CB, Rosen
FS. Graft-versus-host disease after intrauterine and exchange
transfusions for hemolytic disease of the newborn. N Engl J Med.
1974;290(7):359–63. doi: 10.1056/NEJM197402142900703. [PubMed:
4149239].

5. Shastry S, Ramya B, Ninan J, Srinidhi GC, Bhat SS, Fernandes DJ. Lin-
ear accelerator: a reproducible, efficacious and cost effective alter-
native for blood irradiation. Transfus Apher Sci. 2013;49(3):528–32. doi:
10.1016/j.transci.2013.03.007. [PubMed: 23541712].

6. Moroff G, Leitman SF, Luban NL. Principles of blood irradiation,
dose validation, and quality control. Transfusion. 1997;37(10):1084–92.
[PubMed: 9354830].

7. Janatpour K, Denning L, Nelson K, Betlach B, Mackenzie M, Hol-
land P. Comparison of X-ray vs. gamma irradiation of CPDA-1 red
cells. Vox Sang. 2005;89(4):215–9. doi: 10.1111/j.1423-0410.2005.00699.x.
[PubMed: 16262754].

8. Green L, Allard S, Cardigan R. Modern banking, collection, compatibil-
ity testing and storage of blood and blood components. Anaesthesia.
2015;70 Suppl 1:3–9. e2. doi: 10.1111/anae.12912. [PubMed: 25440389].

9. Shabestani Monfared A, Mozdarani H, Samavat H, Hashemoghli A.
Chromosomal aberrations in radiation workers of radiology depart-
ments in Northern Iran-Babol. Int J Low Radiat. 2006;3(1):83–7.

10. Shabestani Monfared A, Borzoueisileh S, Zabihi E, Amiri M, Abedian
S. Predicting factors of radiosensitivity in individual radiotherapy. J
Babol Univ Med Sci. 2015;17(10):67–73.

11. Elahimanesh F, Shabestani Monfared A, Khosravifarsani M, Akhavan
Niaki H, Abedian Z, Hajian-Tilaki K, et al. Is Radiosensitivity Associ-
ated to Different Types of Blood Groups? (A cytogenetic study). Int
J Mol Cell Med. 2013;2(3):131–5. [PubMed: 24551803]. [PubMed Central:
PMC3920532].

12. Khosravifarsani M, Monfared AS, Elahimanesh F, Borzoueisileh S,
Hajian-Tilaki K, Seyfizadeh N, et al. Is there association between hand-
edness and radiosensitivity in breast cancer women? Med Oncol.
2012;29(4):2552–5. doi: 10.1007/s12032-011-0153-0. [PubMed: 22219084].

13. Borzoueisileh S, Monfared AS, Abediankenari S, Mostafazadeh A.
The assessment of cytotoxic T cell and natural killer cells activ-
ity in residents of high and ordinary background radiation ar-
eas of Ramsar-Iran. J Med Phys. 2013;38(1):30–3. doi: 10.4103/0971-
6203.106602. [PubMed: 23531635]. [PubMed Central: PMC3607342].

14. Solomon SR, Tran T, Carter CS, Donnelly S, Hensel N, Schindler J, et al.
Optimized clinical-scale culture conditions for ex vivo selective deple-
tion of host-reactive donor lymphocytes: a strategy for GvHD prophy-
laxis in allogeneic PBSC transplantation. Cytotherapy. 2002;4(5):395–
406. doi: 10.1080/146532402320775982. [PubMed: 12473206].

15. Valerius N, Johansen KS, Nielsen OS, Platz P, Rosenkvist J, Sorensen H.
Effect of in Vitro X-Irradiation on Lymphocyte and Granulocyte Func-
tion. Europ J Haematol. 1981;27(1):9–18.

16. Lowenthal RM, Challis DR, Griffiths AE, Chappell RA, Goulder PJ.
Transfusion-associated graft-versus-host disease: report of an occur-
rence following the administration of irradiated blood. Transfusion.
1993;33(6):524–9. [PubMed: 8516797].

17. Rosen NR, Weidner JG, Boldt HD, Rosen DS. Prevention of transfusion-
associated graft-versus-host disease: selection of an adequate dose of
gamma radiation. Transfusion. 1993;33(2):125–7. [PubMed: 8430450].

18. Asai T, Inaba S, Ohto H, Osada K, Suzuki G, Takahashi K, et al.
Guidelines for irradiation of blood and blood components to pre-
vent post-transfusion graft-vs.-host disease in Japan. Transfus Med.
2000;10(4):315–20. [PubMed: 11123816].

19. Nadi S, Monfared AS, Mozdarani H, Mahmodzade A, Pouramir M.
Effects of Arbutin on Radiation-Induced Micronuclei in Mice Bone
Marrow Cells and Its Definite Dose Reduction Factor. Iran J Med Sci.
2016;41(3):180–5. [PubMed: 27217601]. [PubMed Central: PMC4876295].

20. Davey RJ. Transfusion-associated graft-versus-host disease and the
irradiation of blood components. Immunol Invest. 1995;24(1-2):431–4.
[PubMed: 7713602].

21. Goes EG, Borges JC, Covas DT, Orellana MD, Palma PV, Morais FR, et al.
Quality control of blood irradiation: determination T cells radiosen-
sitivity to cobalt-60 gamma rays. Transfusion. 2006;46(1):34–40. doi:
10.1111/j.1537-2995.2005.00669.x. [PubMed: 16398728].

4 Iran J Pediatr. 2018; 28(4):e62300.

http://dx.doi.org/10.1182/blood-2015-01-620872
http://dx.doi.org/10.1182/blood-2015-01-620872
http://www.ncbi.nlm.nih.gov/pubmed/25931584
http://www.ncbi.nlm.nih.gov/pubmed/6072477
http://dx.doi.org/10.1056/NEJM197402142900703
http://www.ncbi.nlm.nih.gov/pubmed/4149239
http://dx.doi.org/10.1016/j.transci.2013.03.007
http://www.ncbi.nlm.nih.gov/pubmed/23541712
http://www.ncbi.nlm.nih.gov/pubmed/9354830
http://dx.doi.org/10.1111/j.1423-0410.2005.00699.x
http://www.ncbi.nlm.nih.gov/pubmed/16262754
http://dx.doi.org/10.1111/anae.12912
http://www.ncbi.nlm.nih.gov/pubmed/25440389
http://www.ncbi.nlm.nih.gov/pubmed/24551803
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3920532
http://dx.doi.org/10.1007/s12032-011-0153-0
http://www.ncbi.nlm.nih.gov/pubmed/22219084
http://dx.doi.org/10.4103/0971-6203.106602
http://dx.doi.org/10.4103/0971-6203.106602
http://www.ncbi.nlm.nih.gov/pubmed/23531635
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3607342
http://dx.doi.org/10.1080/146532402320775982
http://www.ncbi.nlm.nih.gov/pubmed/12473206
http://www.ncbi.nlm.nih.gov/pubmed/8516797
http://www.ncbi.nlm.nih.gov/pubmed/8430450
http://www.ncbi.nlm.nih.gov/pubmed/11123816
http://www.ncbi.nlm.nih.gov/pubmed/27217601
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4876295
http://www.ncbi.nlm.nih.gov/pubmed/7713602
http://dx.doi.org/10.1111/j.1537-2995.2005.00669.x
http://www.ncbi.nlm.nih.gov/pubmed/16398728
http://ijp.tums.pub

	Abstract
	1. Background
	2. Methods
	2.1. Blood Samples and X-Ray irradiation
	2.2. Isolation and Culture of PBMCs
	2.3. Viability Assay Using MTT Assay
	2.4. Viability Assay Using Trypan Blue (TB) Assay

	3. Results
	Figure 1
	Figure 2

	4. Discussion
	Footnote
	Funding / Support

	References

