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Abstract: Objective: To investigate serum levels of Tumor necrosis factor alpha (TNF-o) and interleukin-10 (IL-10)
in patients with transfusion-related acute lung injury (TRALI) and analyze the prognostic risk factors. Methods: 40
patients with TRALI, 42 patients with non-TRALI (acute lung injury caused by pulmonary infection or other reasons),
and 40 healthy subjects were enrolled from our hospital. Results: TNF-a and IL-10 expressions in the healthy control
group (HCG) and non-TRALI group was lower than that in the TRALI group, whereas the expressions in the non-TRALI
group was higher than that in HCG (P < 0.05). In addition, the 48-hour survival rate in the TNF-a low-expression
group (LEG) was higher than that in the high-expression group (HEG), whereas the 48-hour survival rate in the IL.-10
LEG was lower than that in the HEG (P < 0.05). Further, TNF-a and IL-10 expressions are related to the amount of
blood transfused, and IL-10 showed the best diagnostic efficacy with the biggest AUC while TNF-a showed the high-
est diagnostic sensitivity. Cox multiple-factor analysis results showed that the amount of blood transfusion was an
independent prognostic risk factor for TRALI. Conclusions: TNF-a and IL-10 were risk factors of prognosis, but were

not independent risk factors.
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Introduction

Transfusion-related acute lung injury (TRALI) is
an acute non-cardiogenic lung injury caused by
the human leucocyte antigen antibody or gran-
ulocyte specific antibody in blood within 6 h
after transfusion. Antibody mediated TRALI is
caused by passive transfusion of cognate anti-
bodies and non-antibody mediated TRALI is
caused by transfusion of aged cellular blood
products. TRALI is one of the most common
blood transfusion-related complications and
the leading cause of transfusion-related death
with 5%-14% mortality, and accounts for 38%
of all transfusion-related deaths [1-4]. The
pathogenesis of TRALI is not fully clear so far
and there is no specific treatment. Prevention
is the main measure to reduce the occurrence
of TRALI.

TRALI may or may not be associated with other
risk factors of acute lung injury (ALI). Its clinical
features are very similar to those of aspiration

pneumonia, pulmonary infection, and other dis-
eases [5, 6]. Diagnosis of TRALI in accordance
with the clinical features of patients has great
limitations. Therefore, exploring relevant bio-
logical indexes, such as TNF-a and IL-10, and
other objective measures to aid clinical judg-
ment of TRALI is essential. ALl is usually associ-
ated with inflammatory reaction and release of
a large number of inflammatory factors. It main-
ly occurs due to destruction of the endothelial
barrier by leukocyte antigen and immune re-
sponse activation. Thus, recruitment of inflam-
matory cells is promoted in ALI [7, 8]. TNF-a and
IL-10 are important inflammatory factors, of
which TNF-a is a pro-inflammatory factor. Pre-
vious studies have reported elevated TNF-«
expression in the peripheral blood of patients
with ALI. Limiting the release of TNF-«& is an
important strategy in treating ALI [9]. However,
few studies have reported the significance of
TNF-a expression in TRALL IL-10 is an anti-
inflammatory factor. Studies have reported sig-
nificantly reduced IL-10 expression in mice with
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TRALI. Exogenous injection of IL-10 can effec-
tively inhibit the development of TRALI and
reduce the associated mortality in mice [10].
However, the clinical significance of IL-10
expression in patients with TRALI is rarely
reported.

Therefore, TNF-a and IL-10 expression in the
peripheral blood of patients with TRALI was
tested in this study and their relationship with
prognosis was analyzed along with their clinical
significance.

Materials and methods
Study subjects

In total, 40 patients with TRALI, 42 patients
with non-TRALI (acute lung injury caused by
pneumonia), and 40 healthy subjects were
recruited from our hospital. They were 21-43
years old. The inclusion criteria were as follows:
Patients with TRALI met the TRALI diagnostic
criteria recommended by the National Heart,
Lung and Blood Institute in 2005 [11]. There
was no evidence of acute lung injury (ALI)
before transfusion, ALl occurred within 6 hours
of or after infusion of blood components, Pa0,/
FiO, <300 mmHg, chest X-ray showed bilateral
infiltration. No clinical evidence of elevated left
atrial pressure was found. Patients with non-
TRALI were diagnosed in accordance with the
2006 Guidelines for Diagnosis and Treatment
of Acute Lung Injury-Acute Respiratory Distress
Syndrome [12]. It occurred 12-48 hours after
direct or indirect lung injury, PaO,/Fi0, <300
mmHg, Chest X-ray shows patchy shadows in
both lungs. Hypoxemia is difficult to heal after
routine oxygen inhalation. Except the patients
in the healthy control group (HCG), none of the
patients ever reported serious injury to any
organ or previous ALl occurrence. The exclusion
criteria were as follows: Patients with unidenti-
fied TRALI, unstable coronary heart disease,
intermittent myocardial infarction, severe pul-
monary hypertension, severe osteoarthropathy
or fracture, hepatic and renal insufficiency,
inherited metabolic disease, or endocrine sys-
tem disease; patients who were transferred
midway; patients or their family members did
not cooperate with the treatment; and pa-
tients with malnutrition, tumor, or mental or
learning dysfunction. The study was approved
by the Ethics Committee of the First People’s
Hospital of Wenling, and the patients or their
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family members signed the informed consent
form.

Outcome measures

Blood sampling is performed within 6 hours
after the patient is diagnosed. Enzyme-linked
immunosorbent assay (ELISA) was used to
detect the serum levels of TNF-a and IL-10.
Kaplan-Meier survival curve was generated to
analyze the relationship between TNF-a and
IL-10, and prognosis. Receiver operating char-
acteristic (ROC) was introduced to analyze the
efficacy of TNF-a and IL-10 in the differential
diagnosis of TRALI and non-TRALI. COX regres-
sion analysis was applied to prognostic risk fac-
tors. TNF-a (BMS223-4) and IL-10 ELISA re-
agents (EHIL10) were purchased from Thermo
Fisher, CVs were < 10%. Sensitivity was 2.3 pg/
mL, and < 3 pg/mL, respectively.

Test methods

Two milliliters of peripheral venous blood from
each subject was collected by nurses at our
hospital, TNF-a and IL-10 were assayed by
ELISA. Briefly, serum was separated from the
peripheral blood after centrifugation for 10 min
at 1000 rpm, and 50 uL of serum was added to
an antibody coated 96-well plate. Then, 50 pL
of biotin labeled antibody was added. After mix-
ing well, the resulting solution was incubated
for 60 min at 37°C. The plate was washed 3
times for not less than 30 s. After patting the
liquid dry, 80 uL of affinity streptomycin-HRP
was added, mixed well, and incubated for 30
min at 37°C. After washing 3 times, 50 pL of
substrate A and B were respectively added and
incubated in the dark for 10 min at 37°C.
Finally, 50 pL of stop solution was added and
absorbance at 450 nm was determined.
Standard curves were also established. Three
replicate wells were set up for each sample and
standard at different concentrations.

Statistical analysis

SPSS19.0 (Asia Analytics Formerly SPSS China)
was used for statistical analysis. The enumera-
tion data are expressed as ratios. x? test was
used for comparing the ratios. Measurement
data are expressed as mean * sd. Analysis of
variance was introduced for comparing among
groups. The LSD test was applied for back test-
ing. Survival curves were plotted using the
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Table 1. Patient characteristics

(0= 20 ‘noa  gowinose XN P
Gender [n (%)] 0.781 0.677
Male 18 (45.00) 23 (54.76) 20 (50.00)
Female 22 (55.00) 19 (45.24) 20 (50.00)
Age (years) 38.33+8.47 36.59+9.62 38.19+10.53 0.421 0.658
Weight [n (%)] 0.587 0.746
<60 kg 18 (45.00) 19 (45.24) 21 (52.50)
> 60 kg 22 (55.00) 23 (54.76) 19 (47.50)
Height [n (%)] 0.595 0.743
<165 cm 21 (52.50) 22 (52.38) 18 (45.00)
> 165 cm 19 (47.50) 20 (47.62) 22 (55.00)
BMI (kg/m?) 22.56+2.38 23.14+2.17 22.32+1.49 1.741  0.180
HLA antibody | [n (%)] 17551 0.000
Yes 8 (20.00) 0 (0.00)" 0 (0.00)"
No 32 (80.00) 42 (100.00)" 40 (100.00)"
HLA antibody Il [n (%)] 15.224 0.001
Yes 7 (17.50) 0 (0.00)" 0 (0.00)"
No 33 (82.50) 42 (100.00)" 40 (100.00)"
WBC count (10°/L) 15.29+4.85 12.64+5.21" 6.34+1.39"# 47.862 0.000
CRP (mg/L) 112.64+21.67 68.28+23.82" 4.37+£1.25"%  294.698 0.000
Neutrophil proportion (%) 88.64+6.48 82.67+7.94" 62.75+4.33"*  177.117 0.000
Mean arterial pressure (mmHg) 86.4+7.2 88.4+8.2 85.5+3.8 2.022 0.137
Amount of blood transfusion (ml) 2637.59+875.66 1964.76+768.29 4517  0.000
Total infusion volume (mL) 4256.41+1268.97 3429.56+1120.07 3.820 0.000
Mechanical ventilation [n (%)] 39.970 0.000
Yes 26 (65.00) 22 (52.38) 0 (0.00)"#
No 14 (35.00) 20(47.62) 40 (100.00)"#
Smoking history [n (%)] 5.681 0.058
Yes 18 (45.00) 14 (33.33) 8 (20.00)
No 22 (55.00) 28 (66.67) 32 (80.00)
Prognosis [n (%)] 36.086 0.000
Death 23 (57.50) 23 (54.76) 0 (0.00)"#
Survival 17 (42.50) 19 (45.24) 40 (100.00)"#

Note: “implies P < 0.05 compared with TRALI; *implies P < 0.05 compared with non-TRALI.

Kaplan-Meier method. ROC was used for analy-
sis of diagnostic value. COX regression analysis
was performed for prognostic risk factors of
TRALI. P < 0.05 implied statistical significance.

Results
Patient information

In total, 40 patients were categorized in the
TRALI group, including 18 males (45.00%) and
22 females (55.00%). They were 38.33 + 8.47
years old. The non-TRALI group comprised 42
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patients, including 23 males (54.76%) and 19
females (45.24%), who were 36.59 + 9.62
years old. The HCG comprised 40 subjects,
including 20 males (50.00%) and 19 females
(50.00%), who were 38.19 + 10.53 years old.
There was no difference in gender and age
among the 3 groups (P > 0.05). Other patient
characteristics are shown in Table 1.

TNF-ox and IL-10 expression

The expression levels of TNF-a and IL-10 in HCG
and the non-TRALI group were lower than that
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Figure 1. TNF-a and IL-10 expression. The expression levels of TNF-a and IL-10 in HCG and the non-TRALI group were
lower than that in the TRALI group (P < 0.05). Expression in the non-TRALI group was higher than that in the HCG (P
< 0.05). *indicated P < 0.05.
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Figure 2. Relationship between TNF-a and IL-10, and prognosis of patients with TRALI. A. Relationship between
TNF-a and prognosis. Kaplan-Meier survival analysis results showed that the 48-hour survival rate in the TNF-a
low-expression group was higher than that in the high-expression group (P < 0.05). B. Relation between IL-10 and
prognosis. The 48-hour survival rate in the IL-10 low-expression group was lower than that in the high-expression
group (P < 0.05).

in the TRALI group (P < 0.05). Expression in the patients were divided into a high-expression
non-TRALI group was higher than that in the group (HEG) and low-expression group (LEG).
HCG (P < 0.05) (Figure 1). Kaplan-Meier survival analysis showed that the

48-hour survival rate in the TNF-a HEG was

Relationship between TNF-a, IL-10, and prog- 25.00% (5 cases) and was lower than 60.00%

nosis (12 cases) in the LEG (P < 0.05). The 48-hour
The medians of TNF-a and IL-10 expression lev- survival rate in the IL-10 HEG was 65.00% (13
els were 128.87 and 27.47, respectively. This cases) and was higher than 20.00% (4 cases)
median was considered the critical value. The in the LEG (P < 0.05) (Figure 2).
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Table 2. Efficacy of TNF-a and IL-10 in differential diagnosis of

TRALI and non-TRALI

TNF-ac and IL-10 in

TNF-o IL-10 .
combination
AUC 0.654 0.770 0.767
95% Cl 0.535t00.773 0.667 to 0.873 0.664 t0 0.871
Critical value 128.40 pg/mL 24.41 pg/mL
Specificity 55.00% 75.00% 75.00%
Sensitivity 76.19% 73.81% 73.81%
100- — TNF-a.
- IL-10

80- — IL-10 and TNF-a
X
2 60-
=l
S
o
@
& 40

20+

c T T T T 1
0 20 40 60 80 100

Specificity%

Figure 3. Efficacy of TNF-a and IL-10 in the differential diagnosis of TRALI
and non-TRALI. AUC (TNF-a) = 0.654, AUC (IL-10) = 0.770, AUC (TNF-ac com-

bined IL-:10) = 0.767.

Table 3. Assignment table

Assignment

Gender

Age

Weight

Height

HLA antibody |

HLA antibody Il

WBC count

CRP

Neutrophil proportion

Mean arterial pressure
Amount of blood transfusion
Total amount of blood transfusion
Mechanical ventilation
Smoking history

Male = 1, female = 0
Continuous variable
<60kg=1,>60kg=0
<165cm=1,>165cm=0
Yes=1,No=0
Yes=1,No=0
Yes=1,No=0
Continuous variable
Continuous variable
Continuous variable
Continuous variable
Continuous variable
Yes=1,No=0
Yes=1,No=0

Prognosis Death = 1, survival =0
TNF-o Continuous variable
IL-:10 Continuous variable
7738

Efficacy of TNF-ac and IL-10 in
the differential diagnosis of
TRALI and non-TRALI

The AUC, critical value, speci-
ficity, and sensitivity of TNF-a
in the differential diagnosis of
TRALI and non-TRALI were re-
spectively 0.651, 128.40 pg/
mL, 55.00%, and 76.19% and
those of IL-10 were corre-
spondingly 0.770, 24.41 pg/
mL, 75.00%, and 73.81%. The
AUC, specificity, and sensitivity
of TNF-a and IL-10 in combina-
tion were 0.767, 75.00%, and
73.81%, respectively. IL-10 sh-
owed the best diagnostic effi-
cacy with the biggest AUC
whereas TNF-a showed the
highest diagnostic sensitivity
(Table 2; Figure 3).

Risk factor analysis for prog-
nosis

Cox multiple-factor analysis re-
sults showed that the amount
of blood transfusion was an
independent prognostic risk
factor for TRALI (P < 0.05)
(Tables 3-5).

Discussion

Till date, the pathogenesis of
TRALI has not been studied
clearly. It is generally believed
that TRALI is mainly caused by
immune and non-immune fac-
tors. With respect to the im-
mune factors, it is generally
considered that leukocytes are
activated by leukocyte antibod-
ies in the blood, resulting in
vascular endothelial cell injury.
However, no leukocyte antibod-
ies were detected in a large
number of patients with TRALI.
Tumor necrosis factor, interleu-
kins, and other cytokines are
important causes of lung ed-
ema in patients with TRALI [13-
16]. Therefore, in this study, we
investigated the relationship

Int J Clin Exp Med 2020;13(10):7734-7741
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Table 4. Single-factor risk analysis for prognosis

) 95.0% Cl
B SE Wald df Sig. Exp (B) — —
Lower limit  Upper limit
Gender -0.260 0.428 0369 1 0543 0.771 0.333 1.783
Age -0.052 0.022 5664 1 0.017 0.950 0.910 0.991
Weight 0.596 0.422 1990 1 0.4158 1.814 0.793 4.151
Height 0.144 0.430 0412 1 0.738 1.154 0.497 2.680
HLA antibody | -0.791 0.620 1628 1 0.202 0.453 0.134 1.529
HLA antibody Il 1198 0.467 6594 1 0.010 3.314 1.328 8.270
WBC count 0.003 0.053 0.004 1 0.950 1.003 0.904 1.113
CRP 0.004 0.013 0.112 1 0.738 1.004 0.980 1.029
Neutrophil proportion -0.025 0.029 0.761 1 0.383 0.975 0.922 1.032
Mean arterial pressure -0.007 0.028 0.068 1 0.795 0.993 0.940 1.049
Amount of blood transfusion 0.001 0.000 7161 1 0.007 1.001 1.000 1.001
Total amount of blood transfusion  0.000 0.000 6.225 1 0.013 1.000 1.000 1.001
Mechanical ventilation 1.281 0.553 5.374 1 0.020 3.600 1.219 10.632
Smoking history 0.970 0.429 5102 1 0.024 2.638 1.137 6.121
TNF-o 0.027 0.011 6.284 1 0.012 1.028 1.006 1.050
IL-10 0.141 0.043 10625 1 0.001 1.151 1.058 1.253
Table 5. Multi-factor risk analysis for prognosis
. 95.0% Cl
B SE Wald df Sig. Exp (B) — —
Lower limit Upper limit

HLA antibody Il -0.114 0.577 0.039 1 0.844 0.893 0.288 2.764
Amount of blood transfusion 0.001 0.000 5.61 1 0.018 1.001 1.000 1.001
Total amount of blood transfusion  0.000 0.000 1.158 1 0.282 1.000 1.000 1.001
Mechanical ventilation 0.678 0.637 1134 1 0.287 1971 0.565 6.868
Smoking history -0.008 0.542 0.000 1 0.989 0.992 0.343 2.872
TNF-a 0.006 0.017 04125 1 0.724 1.006 0.973 1.040
IL-10 0.107 0.055 3.763 1 0.052 0.112 0.099 0.239

between TNF-a and IL-10 expression and prog-
nosis in terms of non-immune factors. Our
results provide a reference for the clinical diag-
nosis of TRALI and evaluation of prognosis in
patients.

We performed prospective analysis in this
study. The expression of TNF-a« and IL-10 in
patients TRALI and those with non-TRALI was
found to be significantly higher than that in
healthy subjects. Further, the expression in
TRALI patients was much higher than that in
non-TRALI patients. The theories of “two hit
model” and “threshold model” are generally
recognized for the pathogenesis of TRALI. The
“two hit model” theory suggests that the first
inflammatory reaction is activated by trauma,
infection, and other factors. Release of relevant
inflammatory factors is subsequently promot-
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ed. Itis also an important process in ALI caused
by other reasons. The two hit model is the
transfusion of blood product by which sensi-
tized leukocytes are further activated and the
second injury is caused, thus triggering TRALI
[17, 18]. This may be one of the reasons why
the expression of TNF-a« and IL-10 in patients
with TRALI is higher than that in patients with
non-TRALI. This study provides a theoretical
basis for the differential diagnosis of TRALI and
non-TRALI using TNF-at and IL-10.

We also used ROC to analyze the efficacy of
TNF-a and IL-10 in the differential diagnosis of
TRALI and non-TRALI. The analysis results
showed that the efficacy of IL-10 was higher
than that of TNF-a. However, the efficacy of
diagnosis with TNF-a and IL-10 in combination
was not greater than the efficacy of either of
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them alone. In the report by Fremont et al. [19],
RAGE, PCPIIl, BNP, Ang2, IL-10, TNF-&, and IL-8
were considered as biomarkers to diagnose
traumatic ALI, withan AUC up to 0.86. Roubinian
et al. [20] used IL-6, IL-8, IL-10, GM-CSF, and
TNF-a for the differential diagnosis of TRALI
and transfusion-related circulation overload,
with an AUC of 0.88. Roubinian et al. also used
pre-transfusion cytokine levels for the diagnos-
tic analysis. However, the relationship between
these cytokines and the diagnosis of patients
was not analyzed. In this study, we used post-
transfusion cytokine levels to analyze the diag-
nostic efficacy. However, only two markers were
considered. In future studies, additional bio-
markers can be included in the analysis to
improve the diagnostic efficacy.

We next analyzed the relationship between
TNF-¢, IL-10, and the prognosis of patients with
TRALI. The analysis results showed that high
expression of TNF-a and low expression of IL-10
were related to prognosis (death). Transplan-
tation of mesenchymal stem cells can also
treat the endotoxin-induced ALl in mice by
reducing the expression of TNF-a and MIP-2,
resulting in inhibition of the inflammatory reac-
tion and increased expression of IL-10 [21]. All
the above-mentioned studies have shown that
TNF-a and IL-10 are closely associated with sur-
vival after lung injury. However, our Cox regres-
sion analysis showed that although TNF-a and
IL-10 were the risk factors of prognosis, they
were not independent risk factors. This also
indicated that multiple cytokines should be
considered in the treatment of TRALI. However,
studies have reported that IL-10 has no differ-
ence in expression between TRALI and patients
with acute lung injury caused by sepsis [22].
This reason requires further analysis. We spec-
ulate that it may be because sepsis is an inflam-
matory response syndrome of whole body,
which has a high level of inflammatory response
itself, masks the second inflammatory response
caused by acute lung injury.

This study also has some limitations. The num-
ber of included subjects was small and the
scope of the study was narrow. Multi-center
clinical trials conducted in the future will further
validate our results. The components of blood
transfusion products also need to be further
subdivided. Different blood transfusion prod-
ucts may have different degrees of stimulation
to the body’s inflammatory response. It is nec-
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essary to further determine the expression of
TNF-a and IL-10 in TRALI caused by different
blood transfusion products. In summary, TNF-a
and IL-10 levels in the peripheral blood of
patients with TRALI were elevated compared to
those in patients with ALl caused by other rea-
sons. IL-10 showed good efficacy in the differ-
ential diagnosis of TRALI and non-TRALI with a
critical value of 24.41 pg/ml. The survival rate
of TRALI patients with high expression of TNF-a
or low expression of IL-10 is lower. Finally, TNF-a
and IL-10 are risk factors of prognosis, but are
not independent risk factors.

Disclosure of conflict of interest
None.

Address correspondence to: Yao Liu, Emergency
Center, The First People’s Hospital of Wenling, No.
333, Chuan’an South Road, Chengxi Street, Wenling
317500, Zhejiang, China. Tel: +86-15990626818;
E-mail: yaoliu0606@163.com

References

[1] Andreu G, Boudjedir K, Muller JY, Pouchol E,
Ozier Y, Fevre G, Gautreau C, Quaranta JF,
Drouet C, Rieux C, Mertes PM, Clavier B, Carli-
er M and Sandid I. Analysis of transfusion-re-
lated acute lung injury and possible transfu-
sion-related acute lung injury reported to the
french hemovigilance network from 2007 to
2013. Transfus Med Rev 2018; 32: 16-27.

[2] Bux J. Transfusion-related acute lung injury
(TRALI): a serious adverse event of blood trans-
fusion. Vox Sang 2010; 89: 1-10.

[3] Semple JW, McVey MJ, Kim M, Rebetz J, Kue-
bler WM and Kapur R. Targeting transfusion-
related acute lung injury: the journey from ba-
sic science to novel therapies. Crit Care Med
2018; 46: e452-e458.

[4] Meyer DE, Reynolds JW, Hobbs R, Bai Y, Hart-
well B, Pommerening MJ, Fox EE, Wade CE,
Holcomb JB and Cotton BA. The incidence of
transfusion-related acute lung injury at a large,
urban tertiary medical center: a decade’s ex-
perience. Anesth Analg 2018; 127: 444-449.

[5] Takeuchi M, Imanaka H, Tachibana K, Ogino H,
Ando M and Nishimura M. Recruitment ma-
neuver and high positive end-expiratory pres-
sure improve hypoxemia in patients after pul-
monary thromboendarterectomy for chronic
pulmonary thromboembolism. Crit Care Med
2005; 33: 2010-2014.

[6] Silliman CC, Fung YL, Ball JB and Khan SY.
Transfusion-related acute lung injury (TRALI):

Int J Clin Exp Med 2020;13(10):7734-7741



[7]

(8]

(9]

(10]

[11]

[12]

[13]

[14]

[15]

7741

TNF-a and IL-10 serum levels and prognostic risk factors in acute lung injury

current concepts and misconceptions. Blood
Rev 2009; 23: 245-255.

Kirpalani H, Stark MJ and Andersen C. On the
gendering of plasma: what is transfusion-relat-
ed acute lung injury to bronchopulmonary dys-
plasia? J Pediatr 2018; 201: 12-13.

Peters AL, Van De Weerdt EK, Goudswaard EJ,
Binnekade JM, Zwaginga JJ, Beckers EAM,
Zeerleder SS, Van Kraaij MGJ, Juffermans NP
and Vlaar APJ. Reporting transfusion-related
acute lung injury by clinical and preclinical dis-
ciplines. Blood Transfus 2018; 16: 227-234.
Song Y, Ao L, Raeburn CD, Calkins CM, Abra-
ham E, Harken AH and Meng X. A low level of
TNF-alpha mediates hemorrhage-induced
acute lung injury via p55 TNF receptor. Am J
Physiol Lung Cell Mol Physiol 2001; 281: L677-
684.

Kapur R, Kim M, Aslam R, McVey MJ, Tabuchi
A, Luo A, Liu J, Li Y, Shanmugabhavananthan
S, Speck ER, Zufferey A, Yousef G, Zhang H,
Rondina MT, Weyrich AS, Porcelijn L, Kuebler
WM, Slutsky AS and Semple JW. T regulatory
cells and dendritic cells protect against trans-
fusion-related acute lung injury via IL-10. Blood
2017; 129: 2557-25609.

Jaworski K, MasSlanka K and Kosior DA. Trans-
fusion-related acute lung injury: a dangerous
and underdiagnosed noncardiogenic pulmo-
nary edema. Cardiol J 2013; 20: 337-344.

Ma X, Wang C and Fang Q. Guidelines for the
diagnosis and treatment of acute lung injury/
acute respiratory distress syndrome. Chin Crit
Care Med 2006; 12: 706-710.

Peters AL, van Hezel ME, Juffermans NP and
Vlaar AP. Pathogenesis of non-antibody medi-
ated transfusion-related acute lung injury from
bench to bedside. Blood Rev 2015; 29: 51-61.
Gajic O and Looney M. Transfusion-related
acute lung injury. Acute respiratory distress
syndrome, second edition. CRC Press 2016;
188-200.

Beck TN, Young NG, Erickson ML and Prats I.
Rare antibody-associated hemolytic transfu-
sion reaction and transfusion-related acute
lung injury: a case report. BMC Surg 2017; 17:
48.

(16]

[17]

(18]

(19]

[20]

(21]

[22]

Tariket S, Sut C, Hamzeh-Cognasse H, Laradi
S, Pozzetto B, Garraud O and Cognasse F.
Transfusion-related acute lung injury: transfu-
sion, platelets and biological response modifi-
ers. Expert Rev Hematol 2016; 9: 497-508.
Reddy DR, Guru PK, Blessing MM, Stubbs JR,
Rabinstein AA and Wijdicks EF. Transfusion-re-
lated acute lung injury after IVIG for myasthen-
ic crisis. Neurocrit Care 2015; 23: 259-261.
Kapur R, Kim M, Rondina MT, Porcelijn L and
Semple JW. Elevation of C-reactive protein lev-
els in patients with transfusion-related acute
lung injury. Oncotarget 2016; 7: 78048-
78054.

Fremont RD, Koyama T, Calfee CS, Wu W, Dos-
sett LA, Bossert FR, Mitchell D, Wickersham N,
Bernard GR, Matthay MA, May AK and Ware
LB. Acute lung injury in patients with traumatic
injuries: utility of a panel of biomarkers for di-
agnosis and pathogenesis. J Trauma 2010; 68:
1121-1127.

Roubinian NH, Looney MR, Kor DJ, Lowell CA,
Gajic O, Hubmayr RD, Gropper MA, Koenigs-
berg M, Wilson GA, Matthay MA, Toy P and
Murphy EL. Cytokines and clinical predictors in
distinguishing pulmonary transfusion reac-
tions. Transfusion 2015; 55: 1838-1846.
Gupta N, Su X, Popov B, Lee JW, Serikov V and
Matthay MA. Intrapulmonary delivery of bone
marrow-derived mesenchymal stem cells im-
proves survival and attenuates endotoxin-in-
duced acute lung injury in mice. J Immunol
2007; 179: 1855-1863.

Kapur R, Kim M, Rebetz J, Rondina MT, Por-
celijn L and Semple JW. Low levels of interleu-
kin-10 in patients with transfusion-related
acute lung injury. Ann Transl Med 2017; 5:
339.

Int J Clin Exp Med 2020;13(10):7734-7741



