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Impact of Storage Period on CD4+/CD8+ T Lymphocyte Ratio
in Erythrocyte Suspensions
Eritrosit Süspansiyonlarında Depolanma Sürecinin CD4+/CD8+ T Lenfositleri Oranı Üzerine
Etkisi
Salih Haldun BAL1,2 , Levent Tufan KUMAŞ1 , Yasemin HEPER1,3 , Ferah BUDAK2 , Güher GÖRAL4 , Fatma Ezgi CAN5,6 ,
Haluk Barbaros ORAL2
Abstract
Introduction: Some immunologic changes in the recipient derived by allogeneic blood transfusion (ABT) are called
Transfusion Related Immune Modulation (TRIM). Despite the exact mechanisms of these changes are not known, it is
thought that ABT causes a decrease of CD4/CD8 ratio in the recipient. This study aimed to determine the CD4/CD8
ratio in stored erythrocyte suspensions (ES) and to obtain new information about TRIM mechanisms.
Materials and Methods: Whole blood components used in our study were collected from 10 healthy volunteers.
ES’ obtained from whole blood were divided into three equal aliquots. Test samples which were related to 0th, 21st
and 42nd storage days were prepared from these aliquots. CD3, CD4 and CD8 surface markers in peripheral blood
mononuclear cells were investigated with flow-cytometer in these test samples.
Results: Our data were evaluated according to storage days. Decrease of CD3 (p=0,001), CD4 (p<0,001), CD8
(p=0,012) expressing mononuclear blood cells and helper T cells in 21st-day samples, CD4 (p=0,035) and CD8
(p=0,017) expressing cells in 42nd-day samples compared to Day 0 samples and increase of CD3 (p=0,027) expressing
cells in 42nd-day samples compared to 21st-day samples were found statistically significant.
Conclusion: In our study, we did not find any significant change in the ratio of CD4+/CD8+ cells in ES. Detailed
studies can help us to obtain more comprehensive knowledge on this field.
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Öz
Giriş: Allojeneik kan transfüzyonunun (AKT) alıcıda neden olduğu bazı immünolojik değişikliklere transfüzyonla
ilişkili immunomodülasyon (TRIM) adı verilmektedir. Bu değişikliklerin mekanizması tam olarak bilinmese de,
AKT’nin alıcının mononülear kan hücrelerindeki CD4/CD8 ifadesi oranında azalmaya yol açtığına inanılmaktadır.
Bu çalışmada depolanan eritrosit süspansiyonlarından elde edilen mononükleer hücrelerdeki (ES) CD4/CD8 ifadesi
oranını belirlemek ve TRIM mekanizmalarına yönelik yeni bilgiler edinmek amaçlanmıştır.
Gereç ve Yöntemler: Çalışmamızda kullanılan tam kanlar sağlıklı 10 gönüllüden elde edilmiştir. Bu tam kanlardan elde
edilen ES’ler eşit üç parçaya bölünmüş ve ES’lerin 0, 21 ve 42. raf günlerine yönelik test örnekleri bu parçalardan elde
edilmiştir. Test örneklerdeki CD3, CD4 ve CD8 yüzey belirteçleri akan hücre ölçer yardımıyla incelenmiştir.
Bulgular: Verilerimiz ES’lerin depolanma günlerine gore değerlendirilmiştir. Sıfırıncı gün örneklerine göre 21. gün
örneklerinde CD3 (p=0,001), CD4 (p<0,001), CD8 (p=0,012) ifade eden hücrelerde ve yardımcı T hücrelerinde
görülen azalma (p<0,001); 42. gün örneklerinde CD4 (p=0,035) ve CD8 (p=0,017) eksprese eden hücrelerde görülen
azalma; 21. gün örneklerine göre 42. gün örneklerinde CD3 (p=0,027) ifade eden hücrelerde görülen artış istatistiksel
olarak anlamlı bulunmuştur.
Sonuç: Çalışmamızda ES’ler içerisinde CD4+/CD8+ hücre oranında istatistiksel olarak anlamlı bir değişiklik
saptanmamıştır. Bu konuda daha kapsamlı bilgiye sahip olmak için daha detaylı çalışmalara ihtiyaç vardır.
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Introduction
Allogeneic blood transfusion (ABT) has inherent complications. These complications
can be classified as immune complications, non-immune complications and transfusion
transmissible infections. Transfusion Related Immune Modulation (TRIM) is a rarely seen
immune complication but can lead to serious consequences. It is defined as the clinical
results of the immunological changes following ABT. It was first defined in 1973 and
thought to have favourable effect on graft survival, as shown in renal transplant patients.[1]
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In time some other conditions have been added to the effects
of TRIM. According to these, ABT might lead to decrease
in Crohn’s disease recurrences and recurrent spontaneous
abortion frequency, but increased cancer recurrences,
postoperative bacterial infection rate, short-term mortality
risk and reactivation of some latent infections in transfusion
recipients.[2,3] TRIM is thought to be a result from changes
in the recipients immune system after ABT. Some of these
changes can be summarized as a decrease in T cell response,
helper T cell (Th) count, antigen presentation, cytokine
production, and CD4/CD8 ratio.[3–5] The trigger of these
changes are yet to be known but mononuclear cells (MNC)
in blood, biological response modifiers-immune mediators
(BRM-IM) accumulated in the plasma during storage
period, and the soluble HLAs (sHLA) are thought to be
accountable.[2,3] In addition, there might be a relationship
between TRIM and the storage time and the amount of
transfused blood components.[6–10] However, studies to
this day could not verify the existence and/or impact of the
immunomodulatory effects of transfusion and also could
not be sufficient to understand the underlying mechanism.
The aim of our study is to contribute the knowledge about
TRIM. It has been shown that ABT leads to a decrease
in CD4+/CD8+ cell ratio in transfusion recipients.[11–15]
But unlike previous studies, we investigated CD4+/
CD8+ ratio in blood mononuclear cells. Therefore, we
focused on the CD4+/CD8+ mononuclear cell ratio in
erythrocyte suspensions (ES) and evaluated TRIM related
immunomodulatory factors in blood components and
their possible association with storage period. For this
purpose, CD4+ and CD8+ cells in ES’ were analyzed.

Material and Methods
Blood Donation and Preparation of Blood Components
for Tests
Our study was approved by Uludağ University Medical
Faculty ethical committee (No: 2011-3/20). Whole
blood donations for this study were made by 10 healthy
voluntary donors admitted to Uludag University Medical
Faculty Dr. Raşit Durusoy Blood Center. Donors were
selected by our national blood donor eligibility criteria.
“Pediatric blood bags” (PED/4 CPD/SAG-M 450/3x150
mL SAB; Kansuk, Turkey) were used for donation to
divide the blood into portions. Leukoreduction were not
performed. RBC with additive solution (CPD + SAG-M)
and fresh plasma were prepared from whole blood units.

Plasma components were not used in the study. ESs were
divided equally into three pediatric blood bags. Those
three units were used for the 0th, 21st and 42nd storage
day. ES’s were stored in blood bank refrigerators (Nüve,
Turkey) at +4°C throughout the study period.

Flow Cytometry
CD3+, CD4+ and CD8+ cells were analyzed in the 0th,
21st and 42nd storage day of samples by flow cytometer
(FC) based on surface markers via fluorochrome-labelled
monoclonal antibodies (mAb). MNC were isolated
from each ES sample by density gradient using Ficoll
(Histopaque-1077, Sigma-Aldrich, St. Louis, MO,
USA). Monoclonal antibodies were CD4-FITC, CD3APC (BioLegend, San Diego, CA, USA), CD8-PerCP
(eBioscience, Waltham, MA, USA). For staining, 100µL
MNC sample and 5 µL mAb (for each mAb) were
incubated at room temperatures for fifteen minutes in
the dark. 2 ml IsoFlow Sheath Fluid (Beckman/Coulter,
Indianapolis, IN, USA) was added and washed with
centrifugation at 1500 x rpm for five minutes. Finally 400
µL IsoFlow Sheath Fluid was added and then the stained
cells were evaluated using FC (Navios, Beckman/Coulter,
Indianapolis, IN, USA).

Statistical Analysis
Shapiro-Wilk test was used to evaluate distribution
normality of the continuous variables. Descriptive statistics
for continuous variables were presented as means ± SD.
Paired Sample t-Test was used for in-group comparison.
Statistical analysis was made by SPSS v.21 program and
p<0.05 value accepted for statistical significance.

Results
The results and statistical analysis are summarized in Table
1 and exemplified in Figure 1. During the storage period
of ES, CD3+, CD4+, CD8+, CD3+CD4+ (helper T cell;
Th) and CD3+CD8+ (cytotoxic T cell; Tc) cells decreased
in the 21st and 42nd days compared with those of 0th day
and increased in 42nd day compared with 21st day (Figure
2). The decline in CD3 (p=0,001), CD4 (p<0,001) and
CD8 (p=0,012) cells and helper T cells (p<0,001) in 21st
day in comparison with 0th day, CD4 (p=0,035) and
CD8 (p=0,017) cells in 42nd day in comparison with
0th day and the increase in CD3 (p=0,027) cells 42nd
day in comparison with 21st day were found statistically
significant. During storage period of ES’CD4/CD8 and
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Table 1. Results
0th Days

21st Days

42th Days

0th-21st Days

21st-42nd Days

0th-42nd Days

(Mean ± SD)

(Mean ± SD)

(Mean ± SD)

p

p

p

+

CD3

72% ± 10%

63% ± 10%

68% ± 6%

0.001

0.027

0.090

CD4

+

46% ± 5%

40% ± 5%

42% ± 5%

<0.001

0.550

0.035

CD8+

29% ± 6%

22% ± 6%

23% ± 9%

0.012

0.517

0.017

Th

44% ± 6%

39% ± 5%

41% ± 5%

<0.001

0.539

0.204

Tc

24% ± 7%

20% ± 6%

23% ± 8%

0.068

0.231

0.249

CD4+/CD8+

1.71 ± 0.49

1.95 ± 0.53

2.03 ± 0.80

0.304

0.713

0.174

Th/Tc

1.92 ± 0.61

2.11± 0.57

2.06 ± 0.84

0.444

0.865

0.562

Results were demonstrated as rate of percentage, according to mean ± SD values. p values of <0.05 was considered as statistically significant and significant changes were
written as bold.

Figure 1. Representative FC dotplots.
Erythrocyte suspensions (ES) were obtained from whole bloods that were donated by voluntary donors. ESs were divided equally into three
pediatric blood bags. Those three units were used for the 0th, 21st and 42nd storage day samples. Flow-cytometric analysis was performed in
those samples. CD4+, CD8+, CD3+CD4+ (Th) and CD3+CD8+ (Tc) lymphocytes have been shown in representative dotplots that were related to 0th
storage day samples.

Th/Tc ratios increased both in the 21st and 42nd days in
comparison with 0th day (Figure 2). But those increases
were not significant.

Discussion

factors.[2-5] Some studies described blood components,
while some others targeted ABT recipients to determine
immunomodulatory changes.[2-5] Even though some
explanations were made for TRIM causing factors and
changes in the immune system of the recipient, causes and
consequences of TRIM can still not be explained exactly.

There are many studies that investigate TRIM triggering
factors and immunomodulatory changes caused by those

Some studies are focused on the changes of CD4+/CD8+
cell ratios in the recipient. Decrease CD4+/CD8+ cell ratio
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CD8+ Cells

CD4+ Cells

CD3+CD4+ T Lymphocytes

CD3+CD8+ T Lymphocytes

CD4+/CD8+ Cells ratio

Thelper/Tcytotoxic ratio

Figure 2. Changes in cells and ratios during storage period.
Boxplots are showing lymphocytes, CD4+, CD8+, CD3+CD4+ (Th), CD3+CD8+ (Tc) cells and CD4+/CD8+ and Th/Tc ratios.

in ABT recipient was shown in some studies.[11–15] Our
study aimed to clarify whether this changes start also in
the blood component. Blood components are stored in
special storage conditions for specific periods by the use of
special solutions. Storage conditions may have an impact
on the CD4+/CD8+ ratio in the ES and the storage process
may contribute to this changes. These factors, which may
affect the donor cells, may be reflected in the recipient
after ABT and causing a decrease in CD4+/CD8+ ratio also
in the recipient.
In our study, CD3+, CD4+, CD8+, Th and Tc cells in ES
decreased on the 21st and 42nd days compared with the
cells at 0th day and increased in 42nd day compared with
the ones in 21st storage day. A similar result was published
by Fernandez et al.[16] who investigated the effect of ABT
on patients who undwent cardiovascular surgery. In
our study, CD4/CD8 and Th/Tc ratios were increased
during the storage period. However, these results were
not statistically significant and do not seem to be in line
with the published results.[11–15] Kaplan et al.[11] evaluated
the CD4+/CD8+ cells ratio in Sickle Cell Anemia patients
with and without blood transfusion. In this study, they

found that CD4+/CD8+ cells ratio decreased significantly
in ABT recipients. Kaplan attributed this to the relatively
faster and stronger response of the CD8+ cells to the intense
antigenic stimulation encountered in the ABT recipient.
They supported this effect by the fact that the CD4+/CD8+
cell ratio in the recipient remained low even at 12 months
after bone marrow transplantation, since regeneration
of CD8+ cells after bone marrow transplantation was
faster than that of CD4+ cells.[17] The increase in CD4+/
CD8+ cell and Th/Tc ratios that we found shows the
opposite. Although these results are not significant, it can
be interpreted that CD8+ cells are more affected by the
storage process than CD4+ cells. However, while there was
no significant change in number of Tc cells in the 21st
day samples. The decrease in Th cells was reported before
While Tc cells in ES may react more rapidly to the storage
condition and environment, this reaction may be delayed
in Th cells. The absence of a significant change in both Tc
and Th cells in 42nd day samples, may indicate that the
delayed response of Th cells to environmental conditions
might be more emphasized Chen et al.[12] investigated the
ratio of CD3+, CD4+, CD8+ cells and CD4+/CD8+ cells
ratio in pre-anesthesia, postoperative and postoperative
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5th day samples in patients undergoing gastric cancer
surgery. One group of patients received ABT while the
other group received autologous blood transfusion.
CD3+, CD4+ cell counts and CD4+/CD8+ cell ratio were
significantly decreased in postoperative samples of both
groups. This result which is comparable with our findings,
suggested that Tc cells react faster to environmental
conditions than Th cells. In this study, the normalization
of the values on the 5th day in the autologous transfusion
group suggests that the decrease in the postoperative
samples might be due to surgical intervention. Absence
of an improvement in postoperative 5th day in the
ABT group could be considered as an indicator of the
immunomodulatory effect of ABT. The fact that CD3+,
CD4+, CD8+ cell counts were significantly lower in
cardiovascular surgery patients which received ABT when
compared with patients that not received allogenic blood,
and that CD4+ and CD8+ cell counts supports the possible
immunomodulatory effects of ABT.[16,18] The significant
decrease of CD4+ and CD8+ cell counts on the 21st and
42nd storage days in our study may also support this.
The possible effect of storage conditions and duration on
these cells may affect the ABT recipient. However, there
are also opposing arguments. The study by Sun et al.[19]
suggested that changes in the CD4+/CD8+ cell ratio are
caused by the effect of the actual disease or treatment,
regardless of transfusion. In their study they compared
ABT performed and not performed gastric cancer patients
which underwent gastrectomy. CD4+/CD8+ cell ratio
increased in both groups on postoperative 4th and 30th
days.[19] Their results showed that this increase was not
associated with transfusion.[19] Similarly, it has been found
that ABT alone can not stimulate specific Tc cells in the
recipient, but can show this effect when administered in
combination with allogeneic transplantation.[20] These
studies support the view that diseases and treatments
might affect immunomodulation.
Some authors have shown that the negative consequences
of ABT are related to the storage time and conditions of
blood components.[7–10] However, Hayek et al. suggested
that the clinical condition of the patient was the main
factor.[21] They have shown that decrease was seen in
hospitalized patients but not in healthy individuals.[21,22]
There are also animal studies supporting these findings.
[23–26]
However, our findings suggest that storage time and
conditions also affect donated cells from healthy blood
donors. Factors that lead to a significant reduction in
CD4+ and CD8+ cells and a moderate increase in the ratio
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of CD4+/CD8+ and Th/Tc cells during storage within
ES may lead to similar results in the ABT recipient after
transfusion. Addition of different clinical parameters
(such as disease, clinical manifestation, treatment in the
recipient) to the changing characteristics of ES during
storage period may cause a decrease in CD4+/CD8+ cell
and Th/Tc cell ratios in ABT recipients. The results of
our previous study also showed that changes in ES during
storage might be associated with TRIM.[27]
Studies to date suggest that many variables originating
from blood components and patients may have a role
in the development of TRIM.[2-10] Treatments, diseases,
amount and type of transfusions, molecules or cells or
components of cells shelf life of the blood component and
many other factors may have a role in the development
of TRIM.[2-10] For instance, HLA haplotype similarity
between the recipient and donor has also been implicated
in the development of TRIM.[28] Alloimmunization or
immunosuppression may occur after ABT, depending
on their similarity between HLA-DR antigens.[28] It has
been suggested that an immune tolerance is triggered if at
least one antigen is shared, and alloimmunization occurs
in the absence of similarity.[29] Similarity has been shown
to cause an immune non-responsiveness in the recipient
to donor Tcs.[30] Further studies are needed with TRIM.
Our study was performed on ES donated by healthy blood
donors showing that CD4+ and CD8+ cells can respond to
different conditions to different extents.
Finally, the function and viability of lymphocytes were not
evaluated in our study. These issues will be investigated in
future studies.
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