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ABSTRACT

T helper 1 (TH1) and TH2 lymphocytes are the most important components of the immune
system affected by blood transfusion. This study aimed ™" to evaluate the effect of blood transfusion
on gene expression of transcription factors related to the development of TH1, TH2, TH17 and
regulatory T cells (Tregs).

In this cross-sectional study, 20 patients diagnosed with abdominal aortic aneurysms requiring
surgical repair were studied from January 2018 to August 2020. We utilized real-time PCR to
evaluate the expression of transcription factor genes associated with TH1, TH2, TH17, and Treg,
namely T-box-expressed-in-T-cells (T-bet), GATA-binding protein 3 (GATA-3), retinoid-related
orphan receptor (RORyt), and fork head box protein 3 (Foxp3), respectively. The sampling
occurred before anesthesia, 24- and 72 hours post-transfusion, and at the time of discharge.

The results showed that the T-bet gene expression, compared to the time before transfusion,
was significantly decreased 24 hours after blood transfusion and upon discharge while GATA3
genes exhibited a significant reduction both 24 and 72 hours after the transfusion, as compared to
the pre-transfusion levels and the time of patient discharge. The Foxp3 gene demonstrated an
increase at all study stages, with a notable surge, particulatly 72 hours after red blood cell (RBC)
transfusion. Conversely, the expression of RORyt gene, consistently decreased throughout all
stages of the study.

RBC transfusion in abdominal aortic aneurysm patients altered the balance of transcription
gene expression of TH1, TH2, TH17, and Treg cells.
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normal,! in the event of AAA rupture, there is 85-90%
estimated likelihood of mortality.? Open surgical repair
or Endovascular Aneurysm Repair (EVAR) is
recommended when the aneurysm diameter increases to
more than 5.5 cm or 1 cm per year. Abdominal aortic
aneurysm repair surgery is associated with extensive
bleeding, and the patients require blood transfusions.®

However, blood transfusions are associated with
changes in the patient's immune system.* Studies have
shown that allogeneic blood transfusion, as a transplant,
delivers large amounts of external antigens, including
residual white Blood cells (WBC), apoptotic cells,
cytokines, soluble human leukocyte antigens (HLA),
WBC-derived soluble mediators, and free hemoglobin
into the patient's blood. These antigens elicit an immune
response that may enhance or modulate the immune
system.®> Red blood cell transfusions are also associated
with organ failure, infection, and cancer recurrence,
indicating the inhibitory effect of blood transfusions on
the immune system. Inhibition of the immune system is
a function of mediators induced by white blood cells
(WBC), hemolysis-induced compounds (heme, iron),
platelet-derived agents, extracellular vesicles, TCD4 +
T- cell changes, increased CD8 +T- cells, decreased
lymphocyte proliferation in response to mitogens, a
decrease and or increase in specific cytokines, and
reduced phagocytic activity of monocytes and
macrophages.®” CD4+ T-cell, T-Lymphocyte Helper 1
(TH1) and T-Lymphocyte Helper 2 (TH2) lymphocytes
are the most significant parts of the immune system that
are affected by blood transfusion.® In the immune system
of transfused patients, a decreased helper to suppressor
T-lymphocyte ratio (T-Lymphocyte Helper/Suppressor
ratio, T4:T8 ratio), decreased Natural Killer (NK) Cells
function, defective antigen presentation, and reduction
in cell-mediated immunity have been observed.®

T lymphocytes are divided into several categories in
terms of their immunological role. A group causes the
initiation of the immune response. Some regulate the
quantity and quality of the immune response, and some
respond by secreting lymphokine or by direct cellular
action with the antigen. In contrast, some T lymphocytes
suppress the immune response. A group also has
intrinsic lethal activity due to surface receptors and
specific antibodies, and some cause cytotoxicity by
targeting virus-infected cells or cancer antigens.'®!
Inducing interferon (IFN) y and Interleukin 12 (1L12)
cytokines stimulate TH1 differentiation by activating
transcription factors T-box-expressed-in-T-cells (T-bet),
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Signal transducer and activator of transcription 1
(STAT1), and Signal transducer and activator of
transcription 4 (STAT4).22 The TH2 sub-category
mediates phagocyte-independent defense in which
eosinophils and mast cells play important roles.
Cytokine 1L4 stimulates TH2 differentiation. TH2
evolution by activating the transcription factor of
STAT6, which, along with the T cell antigen
receptor (TCR) signal, induces GATA-binding protein 3
(GATA-3) expression. GATA-3 is a transcription factor
that is the significant regulator of TH2 differentiation.*
Thl cells play an essential role in regulating this
orchestra. Adaptive immune responses TH1 cells are
immune mediators, that trigger responses to intracellular
pathogens and cancer, and TH1 cells are also responsible
for inducing some autoimmune diseases.'*

The expression of the nuclear transcription factor
Forkhead box P3 (FoxP3) has a determinant property
that determines the normal functioning of the Regulatory
T cells (Treg). Treg inhibits the activation, proliferation,
and production of cytokines in CD4+ T cells and CD8+
T cells, and also suppresses B cells and dendritic cells.*
As well as it has the activity of the signal transducer and
activator of transcription 1 (STAT1) and the Signal
transducer and activator of transcription 4 (STAT4).1¢
Some transcription factors such as T-box-expressed-
in-T-cells (T-bet), GATA-binding protein 3 (GATA-3),
retinoid-related orphan receptor (RORyt), and forkhead
box protein 3 (FOXP3) are specific for different
subtypes of T cells. By carefully selecting the specific
transcription factors and determining the exact quantity
of gene expression patterns by polymerase
chain reaction (RT-PCR) method for T cell subgroups,
the activity of specific inflammatory pathways
related to T-helper (TH) cell development can be
determined.*7-%°

The TH17 subtype is also primarily involved in
leukocyte recall and induction of inflammation. The
evolution of TH17 cells depends on RORyt and STAT3
transcription factors.2-?! Real-time PCR is used to study
the expression of the desired genes, which is an accurate
and sensitive method.?

This study aimed to evaluate the effect of blood
transfusion on gene expression and transcription factors
of T-bet, GATA3, RORy t, FOXp3, and the
Transcription factors as indicators of lymphocytes T-
helper 1, T-helper2, T-helperl7, and Treg, respectively.
The mentioned factors were assessed after transfusion,
24 and 72 hours after it, and upon discharge time
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compared to before transfusion in the abdominal aortic
aneurysm surgery patients.

MATERIALS AND METHODS

The study protocol was approved by the ethical
committee (Ethical Committee N° 007) of the High
Institute for Research and Education in Transfusion
Medicine,  Tehran, Iran, with ethics code
(IR-TMIL.REC.1397.007) on May 22, 2018, and all
patients filled out and signed the consent form in person
before sampling.

Twenty abdominal aortic aneurysm patients
transfused with RBCs were studied as cross-sectional
from January 2018 to August 2020 at Shohada Tajrish
Hospital. Inclusion criteria were hemoglobin levels higher
than 9 gr/dL and normal patient coagulation profile tests.

Exclusion criteria were a history of blood transfusion
and its products, use of medications, or history of
diseases affecting the immune system, including
immunodeficiency and connective tissue diseases such
as Marfan syndrome, previous malignancy and surgery,
and history of diabetes. In addition, patients with
Ejection Fraction (EF) below 50-55% who should be
tolerated under anesthesia following the appropriate
principles by the guidelines prepared in the hospital
were excluded.

Intraoperative monitoring included arterial line and
central venous blood pressure monitoring, pulse
oximetry, electrocardiography, and bi-spectral index
(BIS). Midazolam (0.01 mg/kg), fentanyl (0.2 pg/kg),
lidocaine (1.5 mg/kg), etomidate (0.2 mg/kg) and
cisatracurium (0.2 mg/kg) were used to induce
anesthesia in all patients. We then used 1% sevoflurane
and cisatracurium for intraoperative anesthesia
maintenance, and fentanyl was administered every 45
minutes. After intubation, a central venous catheter
(CVC) and arterial line were placed for all patients. All
patients had a similar aortic cross-clamping time of
about 40 minutes.

The blood ordering schedule was according to the
relevant guidelines (http://shmc.sbmu.ac.ir/index.jsp?
siteid=90&fkeyid=&siteid=90&pageid=69087).%

Sampling was taken four times, before anesthesia, 24
and 72 hours after transfusion, and upon discharge.
Then, Gene expression of the specific transcription
factors of TH1(T-bet), TH2 (GATA3), TH17 (RORyt),
and Treg (Foxp3) lymphocytes were evaluated both
before and after transfusion.
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Sample Collection and Transfer

Patients with abdominal aortic aneurysms from
Shohada-e-Tajrish Medical Center were recruited for
this study. Samples were collected according to the
following schedule: before anesthesia,24 and 72 h after
packed red blood cell transfusion (PBRC), in the
intensive care unit, in the surgery room and upon
discharge. Blood samples were collected in K2 EDTA
tubes, which were transferred in 2-8°C conditions within
one hour to the laboratory. samples were immediately
centrifuged at 3000 g for 10 minutes, Subsequently, 200
uL of buffy coat was homogenized with 1 mL of QlAzol
lysis Reagent (Qiagen Germany).

RNA Isolation and Quantitative Real-time PCR

Homogenized buffy coat was extracted according to
its manual with slight modifications. RNA was extracted
by double chloroform and precipitated with isopropanol
after a 5-minute incubation at room temperature. RNA
was washed twice with 75% nuclease-free ethanol and
dissolved in nuclease-free water. Its quality and quantity
were further evaluated by nanodrop spectrophotometry
and 1% agarose gel electrophoresis. qualified RNA was
reverse transcribed by RevertAid First strand cDNA
Synthesis kit (thermofisher. USA). Primers for Tcells
subtype transcriptional factor (T-bet, GATA3, FOXP3
and RORYy) designated by allele ID software (primer bio
soft co. USA) and further Insilco evaluation by mfold,
nchi-blast and snap gene program. The specifications of
primers are shown in the Supplementary Table. we
choose relative quantification for gene expression
analysis of transcriptional factors by Real-time PCR Sybr
green method. Briefly Quantifast Sybr Green master mix
(Qiagen, Germany) was prepared at a volume of 20 L,
including 10 uL SYBR Green, | puL primer, 7 puL double
distilled water and 2uL cDNA. The Glyceraldehyde 3-
phosphate dehydrogenase (GAPDH) housekeeping gene
was used as an internal control to normalize the data. The
PCR program included an activation phase of 95°C for 5
minutes of one cycle, an amplification phase of 45 cycles
at 95°C for 15 seconds and 60°C for 35 seconds.

Statistical Analysis

Graph Pad Prism 9.0.0 (121) software was used for
statistical analysis, Kolmogorov-Smirnov test indicated
the normal distribution of data. Fold changes of
expressed genes were further evaluated by t-—test
statistical analysis. A p-value less than 0.05 was
statistically significant.
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RESULTS

The results (Figure 1A) showed that the T-bet gene
expression, compared to the time before transfusion, was
significantly decreased 24 hours after blood transfusion
(p=0.009) and upon patient discharge (p<0.0001). The
expression of the GATA3 gene showed a significant
decrease at 24 (p=0.013) and 72 hours (p=0.003) after
transfusion, at the time of patient discharge (p<0.0001)
in comparison with before transfusion (Figure 1B). Also,
the change in the expression ratio of the T-bet gene to
the GATAZ3 gene increased significantly only 72 hours
after blood transfusion (p<0.0001).

The results of Foxp3 gene expression, which isa T-
reg specific transcription factor, increased in 24h and
72h after RBCs transfusion. This increase in expression
was statistically significant 24 (p=0.273) and 72 hours
(p=0.0313) after RBC transfusion. However, it was not
statistically significant upon discharge (RE). (p>0.05)
(Figure 1C).

The results of RORyt gene expression of TH17
specific transcription factor showed that the expression
was decreased in all stages Although this expression was
statistically significant only at 24 hours after blood
transfusion (24 h) (p=0005) (Figure 1D).
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Figure 1. Comparison of fold changes in the expression of transcription factors regulating T helper 1, 2, 17 and regulatory T
cells before operation, 24 and 48 hours after RBCs transfusion and upon discharge. A) T-bet gene expression was significantly
decreased compared to the time before transfusion, 24 hours after blood transfusion and upon patient discharge. B) The
expression of GATA3 gene showed a significant decrease in 24 and 72 hours after transfusion and at the time of patient
discharge in comparison with before operation. C) The results of Foxp3 gene expression, which is a T- reg specific transcription
factor, increased in 24, 72 h after RBCs transfusion. D) The results of RORyt gene expression showed that its expression was
decreased in all stages, but this expression was statistically significant only 24 hours after RBCs transfusion, but not at the
remaining times of sampling. **p<0.01, *** p<0.001, **** p <0.0001

Bo: Before operation; 24 h:24 hours after RBCs transfusion; 72 h:72 hours after RBCs transfusion; UD: upon discharge
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TH lymphocyte transcription factor gene expression
and Treg results in 24 hours after RBc transfusion
compared to the results before surgery, and showed a
decrease in T-bet, GATA3 and RORyt gene expression,
while an increase in Foxp3 gene expression (Foxp3>
GATAZ3> T-bet> RORyt) (Figure 2A).

The results of the expression changes of T
lymphocyte transcription factor genes 72 hours after
blood transfusion compared to before surgery showed

that Foxp3 increased 2.46 folds, but T-bet did not change
with a fold change of 1.02. However, the expression of
GATA3 (fold change of 0.401) and RORyt (fold change
of 0.77) decreased, which showed Foxp3> T-bet>
RORyt> GATA3 (Figure 2B). Findings from the T
lymphocyte transcription factor gene expression in
patients at the time of discharge showed that the
expression of T-bet, GATA3, Foxp3 and RORyt genes
decreased (Figure 2C).
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Figure 2. Comparing the results of the expression of transcription factors of Thl, 2, 17 and regulatory T cells before operation,
24 and 72 hours after RBCs transfusion and upon discharge A) The results showed a decrease in the expression of T-bet,
GATA3 and RORyt genes and an increase in the expression of Foxp3 gene (Foxp3> GATA3> T-bet> RORY) 24 h after blood
transfusion. B) The results of changes in the expression of T lymphocyte transcription factor genes 72 hours after blood
transfusion showed that Foxp3 increased with fold change of 2.46 but T-bet did not change anymore. However, the expression
of GATA3 and RORyt decreased, which showed Foxp3> T-bet> RORyt> GATA3. C) The results indicated that the expression
of T-bet, GATA3, Foxp3 and RORyt genes decreased compared to the before operation situation. **p<0.01, *** p<0.001, ****

p<0.0001
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DISCUSSION

Surgical trauma and anesthetics can affect the
functioning of the immune system in some patients,
including those with lung cancer.?* The effect of
Etomidate as an anesthetic maintenance drug on immune
function has been investigated. It was observed that such
anesthetics have a transient suppression of the immune
system function that heals quickly. Therefore, it does not
have a significant inhibitory effect on patients' immune
function.®

The results of this study on the effect of RBC
transfusion on the expression rate of TH1 lymphocyte-
specific T-bet transcription factor genes revealed a
decrease. Such a finding was in line with Torrance et al.
study, which found a significant decrease in trauma
patients in 24 hours after blood transfusion (p=0.03).%
Findings obtained by Mei Zhu et al, also reported a
significant reduction 48 hours after blood transfusion
(p<0.001) in patients with gastrointestinal cancer.?” In
contrast, Fragkou PC et al, found no relationship
between blood transfusion and T-bet gene expression
rate in patients with gastrointestinal surgery.?

The results of the present study on the expression of
GATAS gene were in line with the results obtained by
Fragkou PC et al, in patients with gastrointestinal
surgery® and Torrance in blood-receiving patients with
trauma.?® However, zhu M. et al, have shown an increase
in such gene expression.?” The difference in the reports
was due to the selection of various patients, the surgery's
duration, the amount of the presence of allogeneic
leukocytes in the blood bag, and the storage time of the
blood product.?’

Despite the decrease in the expression of both T-bet
and GATAS genes, this decrease in the expression level
of T-bet was more than GATA3, which was in line with
the findings of Mei Zhu et al. and Qian Y et al.?”-%°

Following the introduction of antigens through the
blood unit and their delivery by the antigen-presenting
cells to naive T-cells, the produced IL-4 is activated by
the activated T-cell itself or by mast cells and
eosinophils in response to GATA3 and STAT6
transcription factor antigens. These factors stimulate the
differentiation of naive CD4+ T-cells into TH2
subcategory, IL-4 produced by TH2 cells enhances this
response and inhibits the evolution of TH1 and TH17.
However, more research is needed to effectively
evaluate the effect of blood transfusion on the
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expression level of T-bet and GATA3 genes, especially
on specific cytokines and the type of antigen-stimulating
cells to express them.?

The results of changes in FOXP3 gene expression,
namely a Treg-specific transcription factor with a
regulatory role in the immune system, showed increased
expression rates 24 and 72 hours after blood transfusion.
This increase was significant 72 hours after blood
transfusion (p=0.0313), and this gene did not change
upon discharge. A study by Mei Zhu et al. on patients
with gastrointestinal cancer within 24 hours of receiving
blood (p<0.0001) showed similar findings.?’

The results of this study on the RORyt gene, a
specific transcription factor of TH17 lymphocytes,
showed a decrease in its expression. The findings of
Fragkou PC et al. on patients with gastrointestinal
surgery 24 and 72 hours after transfusion were
consistent with our findings.?® Also, the findings of
Torrance et al, on patients with severe trauma showed a
decrease in 24 and 72 hours after receiving blood, which
is in line with our study.?®

The most remarkable point of all these findings is
that the highest rate of change was related to FOXP3,
which showed an increase in all times after blood
transfusion.

Leal-Noval SR has shown that blood transfusions led
to a shift of Th1/Th2 balance toward Th2 dominance,
which might increase the risk of perioperative
complications.®

The limitations of our study include the small
number of patients and not considering various factors,
such as aortic clamp during surgery, affecting the
expression of genes and inflammatory responses. If we
could compare our patients with those who had the same
condition but did not receive blood, we might have a
more definitive view of postoperative complications.

RBC transfusion altered the balance in the
expression rate of TH1, TH2, TH17, and Treg cell genes.
T-bet gene (TH1) significantly decreased 24 hours after
blood transfusion and at the time of patient discharge
compared to the time before transfusion. GATA3 gene
(TH2) significantly reduced 24 and 72 hours after blood
transfusion and at the time of patient discharge. RORyt
gene (TH17) showed a decrease in its expression, which
was statistically significant 24 hours after blood
transfusion, and the Foxp3 gene (T reg) increased in all
stages, which was statistically significant 72 hours after
blood transfusion.

Vol. 23, No. 1, February 2024

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir


http://ijaai.tums.ac.ir/

T-helper 1, 2, 17 Gene Expression in Patients

STATEMENT OF ETHICS

The study protocol was approved by ethical
committee (Ethical Committee 007) of High Institute for
Research and Education in Transfusion Medicine;
Tehran, Iran with ethics code (IR.TMI.REC.1397.007)
on 22 May, 2018.

FUNDING

This article is the result of a master's thesis of a
student that was supported by Blood transfusion
research center, High Institute for Research and
Education in Transfusion Medicine, Tehran, Iran.

CONFLICT OF INTEREST
The authors declare no conflicts of interest.
ACKNOWLEDGEMENTS

We are grateful to the patients and staff of Shohada
Tajrish Hospital for their cooperation in this project.

REFERENCES

1. Cronenwett J, Murphy T, Zelenock G, Whitehouse Jr W,
Lindenauer S, Graham L, et al. Actuarial analysis of
variables associated with rupture of small abdominal aortic
aneurysms. Surgery. 1985;98(3):472.

2. Sakalihasan N, Limet R, Defawe OD. Abdominal aortic
aneurysm. The Lancet. 2005;365(9470):1577-89.

3. llyas S, Shaida N, Thakor AS, Winterbottom A, Cousins
C. Endovascular aneurysm repair (EVAR) follow-up
imaging: the assessment and treatment of common
postoperative  complications.  Clinical  Radiology.
2015;70(2):183-96.

4. Haynes SL, Wong JC, Torella F, Dalrymple K, Pilsworth
L, McCollum CN. The influence of homologous blood
transfusion on immunity and clinical outcome in aortic
surgery. European Journal of Vascular and Endovascular
Surgery. 2001 Sep 1;22(3):244-50. PMID: 11506518 DOI:
10.1053/ejvs.2001.1408

5. Vamvakas EC, Blajchman MA. Transfusion-related
immunomodulation (TRIM): an update. Blood reviews.
2007;21(6):327-48.

6. Remy KE, Hall MW, Cholette J, Juffermans NP, Nicol K,
Doctor A, et al. Mechanisms of red blood cell transfusion-

Vol. 23, No. 1, February 2024

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

related immunomodulation. Transfusion. 2018;58(3):804-
15.

Vamvakas EC, Blajchman MA. Transfusion-related
immunomodulation (TRIM): an update. Blood reviews.
2007 Nov 1;21(6):327-48. PMID: 17804128 DOI:
10.1016/j.blre.2007.07.003

Leal-Noval SR, Mufioz-Gémez M, Arellano V, Adsuar A,
Jiménez-Sanchez M, Corcia Y, et al. Influence of red
blood cell transfusion on CD4+ T-helper cells immune
response in patients undergoing cardiac surgery. Journal of
Surgical Research. 2010;164(1):43-99.

Englesbe MJ, Pelletier SJ, Diehl KM, Sung RS, Wahl WL,
Punch J, et al. Transfusions in surgical patients. J Am Coll
Surg. 2005;200(2):249-54

Kumar BV, Connors TJ, Farber DL. Human T cell
development, localization, and function throughout life.
Immunity. 2018;48(2):202-13.

Luckheeram RV, Zhou R, Verma AD, Xia B. CD4+ T
cells: differentiation and functions. Clin Dev Immunol.
2012;2012:925135.

Thieu VT, Yu Q, Chang H-C, Yeh N, Nguyen ET, Sehra
S, et al. Stat4 is required for T-bet to promote IL-12-
dependent Thl fate determination.  Immunity.
2008;29(5):679.

Paul WE, Zhu J. How are T H 2-type immune responses
initiated and amplified? Nat Rev  Immunol.
2010;10(4):225-35.

Zhu J, Paul WE. Heterogeneity and plasticity of T helper
cells. Cell research. 2010;20(1):4-12.

Hori S, Nomura T, Sakaguchi S. Control of regulatory T
cell development by the transcription factor FOXP3.
Science. 2003;299:1057—-61.

Szabo SJ, Kim ST, Costa GL, Zhang X, Fathman CG,
Glimcher LH. A novel transcription factor, T-bet, directs
Th1 lineage commitment. Cell. 2000;100(6):655-6969.
Maecker HT, McCoy JP, Nussenblatt R. Standardizing
immunophenotyping for the human immunology project.
Nat Rev Immunol. 2012;12(3):191-200.

Kitamura N, Kaminuma O, Mori A, Hashimoto T,
Kitamura F, Miyagishi M, et al.Correlation between
mRNA expression of Th1/Th2 cytokines and their specific
transcription factors in human helper T-cell clones.
Immunol Cell Biol. 2005;83(5):536—-41.

Duggan E, Caraher E, Gately K, O’Dwyer M, McGovern
E, Kelleher D, et al. Tumor necrosis factor-alpha and
interleukin-10 gene expression in peripheral blood
mononuclear cells after cardiac surgery. Crit Care Med.
2006;34(8):2134-9.

Iran J Allergy Asthma Immunol/ 113

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir)


http://ijaai.tums.ac.ir/

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

S. Valizadeh, et al.

Steinman L. A brief history of Th 17, the first major
revision in the Th 1/Th 2 hypothesis of T cell-mediated
tissue damage. Nature medicine. 2007;13(2):139-45.
Dong C. TH 17 cells in development: an updated view of
their molecular identity and genetic programming. Nat
Rev Immunol. 2008;8(5):337-48.

Wong ML, Medrano JF. Real-time PCR for mRNA
quantitation. Biotechniques. 2005;39(1):75-85.

Behnaz F, Karbalaeifar R, Chegini A, Mohseni G,
Valizadeh S. Effect of dexmedetomidine on transcription
factors and inflammatory cytokines in elective aortic
aneurysm repair surgery. Journal of Cellular and
Molecular Anesthesia. 2020;5(3).

Wei L, Meng QG, Bi ZG. Result of a randomized clinical
trial comparing different types of anesthesia on the
immune function of patients with osteosarcoma
undergoing radical resection. Panminerva Med
2013;55(6):211-6.

Liu J, Dong W, Wang T, Liu L, Zhan L, Shi Y, Han J.
Effects of etomidate and propofol on immune function in
patients with lung adenocarcinoma. American journal of
translational research. 2016;8(12):5748.

Torrance HD, Brohi K, Pearse RM, Mein CA, Wozniak E,
Prowle JR, et al. Association between gene expression
biomarkers of immunosuppression and blood transfusion
in  severely injured polytrauma. Ann  Surg.
2015;261(4):751-9.

ZhuM, Zhu Z, Yang J, Hu K, Li Y. Impact of perioperative
blood transfusion on gene expression biomarkers in
patients with gastrointestinal cancer. Transfus Apher Sci.
2018;57(5):656-60.

Fragkou PC, Torrance HD, Pearse RM, Ackland GL,
Prowle JR, Owen HC, et al. Perioperative blood
transfusion is associated with a gene transcription profile
characteristic of immunosuppression: a prospective cohort
study. Critical Care. 2014;18(5):541.

Qian Y, Tang Q, Wang Z, Sun J, Li Q. Effect of allograft
blood transfusion on Th1/Th2 balance and T cell surface
antigens expression. Clin Chim Acta. 2006;366(1-2):361.

114/ Iran J Allergy Asthma Immunol

Published by Tehran University of Medical Sciences (http://ijaai.tums.ac.ir

Vol. 23, No. 1, February 2024


http://ijaai.tums.ac.ir/

