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Background: The current use of prophylactic antibiotics for lung cancer surgery requires modification in 
aging individuals with impaired lung function. A sustained-release formulation of azithromycin (AZM-SR) 
could help resolve some of these challenges with its sustained antibacterial and anti-inflammatory effects. 
The aim of this study was to examine the safety and efficacy of AZM-SR in lung cancer surgery as well as its 
anti-inflammatory effect. 
Methods: Fifty patients were included in the study, and AZM-SR was administered 1 day prior to the 
surgery. The clinical course, including postoperative complications, was monitored, and the concentration of 
AZM, bacterial culture, and inflammatory cytokine levels of resected lung specimens were evaluated. 
Results: No side effects related to AZM-SR were observed. Five cases of postoperative pneumonia (10%) 
were observed; technical issues were involved in 3 cases. All patients recovered well. Four cases showed 
positive bacterial culture upon lung tissue examination; however, this was not significantly correlated with 
postoperative complications. A negative correlation was observed between AZM concentration in lung tissue 
and interleukin-6 (IL-6) expression. 
Conclusions: Prophylactic utilization of AZM-SR in lung cancer surgery seems feasible. The  
anti-inflammatory effect of AZM might contribute additional beneficial effects in the perioperative 
management of lung cancer surgery. 
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Introduction

The number of elderly patients, along with various 
preoperat ive  complicat ions ,  has  been increas ing 
worldwide (1-4). As lung cancer patients often have 
other complications such as respiratory diseases (e.g., 
chronic obstructive pulmonary disease) probably caused 
by smoking, such underlying diseases, besides lung 
cancer, could affect both the incidence of postoperative 
complications as well as long-term prognosis (1-3,5,6). 
The prophylactic use of antibiotics has traditionally 
included cephem antibiotics for a few days in the field of 
general thoracic surgery (7,8). However, Since the number 
of older patients with chronic lung disease or impaired 
lung function has increased, cephem antibiotics might 
not be sufficient for preventing postoperative infectious 
complications, especially postoperative pneumonia (8). 
Therefore, novel strategies are urgently required in the 
use of prophylactic antibiotics.

Azithromycin (AZM) is a macrolide antibiotic that 
targets gram-positive bacteria as well as gram-negative rods 
and mycoplasma (9-11). The effects of this drug last for 
7 days after administration. AZM has been indicated for 
respiratory tract and skin infections (9-11).  

Recently, a single-administration type, sustained-release 
formulation of AZM, Azithromycin-2 g SR (AZM-SR) 
has been found to accumulate at high concentrations in 
the target organs, show broad spectrum for respiratory 
infection, and ensure simple and secure compliance by 
single administration (12). Moreover, AZM modulates 
immune reactions by suppressing inflammatory cytokine 
release (13-17). Recently, AZM has been reported to reduce 
lung inflammation and MUC5B gene expression, which is 
responsible for encoding a major core protein secreted from 
the respiratory tract that is correlated with inflammation in 
the respiratory system (13,15). 

Considering the above findings, we hypothesized 
that AZM-SR could be an ideal drug formulation for 
prophylactic administration in general thoracic surgery. 
Hence, the purpose of this study was to examine the 
efficacy of single-dose AZM in general thoracic surgery. 
The risk factors related to postoperative pneumonia were 
investigated. Moreover, we determined the levels of AZM 
in the resected lung specimens and performed bacterial 
culture of the resected lung specimens. In addition, the 
efficacy of AZM in modulating inflammatory cytokines in 
clinical patients was investigated. We present the following 
article in accordance with the STROBE reporting checklist 

(available at http://dx.doi.org/10.21037/apm-21-383). 

Methods

Patient background and study design  

This trial was a non-blinded clinical pilot study. The 
patients who would receive surgery for lung cancer were 
enrolled in this study between 2013 and 2015. Under 
informed consent, Azithromycin-2 g SR (AZM-SR) 
was administered after the evening meal, 1 day prior 
to the surgery. Regular antibiotic prophylaxis was not 
administered. The primary endpoint was any adverse event 
caused by AZM-SR, which would help in assessing the 
safety of AZM-SR during the perioperative period. The 
secondary endpoints were the incidence of postoperative 
infection including postoperative pneumonia, the need for 
re-administration of antibiotics, and postoperative mortality 
at 30 days post-surgery.

Exclusion criteria included patients with allergy to 
macrolides, QT prolongation syndrome, severe renal 
dysfunction, fructose intolerance, severe liver dysfunction 
(Child-Pugh C), and current treatment with other antibiotics.

Postoperative pneumonia was defined by the presence of a 
new or progressive infiltrate on chest radiography or computed 
tomography during the patient’s hospitalization, together with 
any of the following: new-onset purulent sputum, change in 
the character of chronic sputum, fever ≥38 ℃, a new rise in 
C-reactive protein (CRP) value or white blood cell count, 
positive blood cultures or isolation of the pathogen from 
sputum, and transtracheal aspirate (18) (Figure 1).

Ethical approval and informed consent 

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by the institutional review board at Nagasaki 
University Hospital (Approval number; 12121779-7) and 
was registered in the University Medical Information 
Network (UMIN) Center (Clinical  tr ial  number; 
UMIN000010368). After the detailed explanation of study-
related information and documents, only the patients from 
whom written informed consent was obtained were enrolled 
in this study. 

Bacterial culture

Bacteria were cultured from lung specimens that were 

http://dx.doi.org/10.21037/apm-21-383
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Figure 1 Scheme of the study protocol. Eligible patients who agreed to participate in this clinical trial by written informed consent were 
enrolled in this study. All participants took the single dose of sustained-release AZM on the night before the operation. Lung tissue samples 
without any tumor lesion were obtained during surgery. After the operation, no additional antibiotics were administered. *Antibiotics were 
re-administered only to patients who showed signs of infection. The postoperative course was observed carefully, and clinical data were 
collected in the medical records. RT-PCR, real time-polymerase chain reaction; AZM, azithromycin.

Eligible patients who enrolled in this clinical trial
(n=50)

Single dose of sustained-
release AZM on Day -1

No administration of antibiotics 
after operation
* Antibiotics were re-administered 
if there were signs of infection

Data collection in medical records
(n=50)

Lung 
tissue 

sample
Operation

AZM concentration in 
lung tissue

RTPCR

Bacterial culture from 
lung tissue

excised under sterile conditions. Each lung specimen was 
collected and stored in an anaerobic culture bottle for 
culture on HK semisolid medium. If bacterial growth 
was confirmed, further cultures were performed using 
chocolate/blood agar medium, bromothymol blue lactate/
chromo agar medium, and Colombia agar medium. 
Bacterial strain detection was performed by genomic 
sequencing if 16S-rRNA amplification was detected among 
culture-positive cases. 

AZM concentration in excised lung tissue

The evaluation of AZM concentrations in the excised lung 
was performed by using the liquid chromatography/tandem 
mass spectrometry (LC/MS/MS) protocol as previously 
described (19). A lung specimen, 1 cm2 in size, was obtained 
from excised lung tissue (not the tumor lesion) at the time 
of surgery and was stored at –80 ℃. The weighed lung 
sample was homogenized, and the concentration of AZM 
was determined by LC/MS/MS as previously described (19).

RNA extraction and quantitative PCR

RNA extraction from resected lung specimens and qPCR 
were performed as previously described (20). Briefly, 
the excised lung tissue sample, 1 cm in size, was stored 
in RNAlater®, and total RNA was extracted by using a 

PureLink RNA micro kit (Life Technologies, CA, USA). 
One microgram of total RNA was reverse-transcribed into 
cDNA using a SuperScript VILO cDNA synthesis kit (Life 
Technologies, Carlsbad, CA, USA).

The expression of MUC5B, tumor necrosis factor-
alpha (TNF-α), and IL-6 was measured using a cDNA 
template with LightCycler 480 probes Master Mix (Roche 
Diagnostics) and a LightCycler480 PCR System (Roche 
Diagnostics, Mannheim, Germany). To normalize the 
results for variability in concentration and integrity of 
RNA and cDNA, the GAPDH gene was used as an internal 
control for each sample. PCR primers and TaqMan probes 
are listed in the Supplemental Table.

Statistical analysis

Data are reported as mean ± standard deviation (SD). 
All statistical analyses were performed using JMP Pro 
software (version 14.2.0; SAS Institute, Cary, NC, USA). 
Comparisons between groups were performed using the 
Wilcoxon signed-rank test and t-test, and nominal scale 
analysis involved Pearson χ2. We also used Spearman rank 
correlation to further investigate the relationship between 
AZM concentration in the lung tissue and other variables. 
A total of 20 hypotheses were tested, and Bonferroni 
correction was used for counteracting the multiple 
testing problem. Values of P<0.0025 were considered as 

https://cdn.amegroups.cn/static/public/APM-21-383-Supplementary.pdf
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significant.

Results

Patient characteristics

Fifty patients were enrolled in this study and received a 
single dose of AZM-SR on the day before the operation. The 
patients’ age was 70±9.0 years [mean ± standard deviation (SD)], 
and the body mass index was 22.7±2.9 kg/m2. Twenty-five 
(50%) patients were male, and 27 (54%) were ex- or current 
smokers with an average pack-years of smoking of 15 (range, 
0–104). The comorbidity and past history were as follows: 
12 cases of hypertension, 11 cases of previous malignancy,  
10 cases of respiratory diseases, and 5 cases of thyroid diseases. 
All of the average data of the parameters of preoperative blood 
examination were within the normal range. The surgical 
procedure consisted of lobectomy in 42 cases, segmentectomy 
in 7 cases, and wedge resection in 1 case. Thirty-three 
cases received the operation under complete video-assisted 
thoracoscopic surgery conditions. Operation time and bleeding 
amount during surgery were 226.5±59.0 min and 100±195.9 g,  
respectively. Pathological stage I and adenocarcinoma 
were the most common types of lung cancer (41 cases and  
42 cases, respectively) (Table 1). 

Clinical postoperative outcome 

Postoperative pneumonia was observed in 5 cases (10%), 3 

Table 1 Patient baseline demographics and characteristics for the 
overall population

Parameter Value (n=50)

Age (year) 70±9.0

Sex (male/female) 25/25

BMI (kg/m2) 22.7±2.9

Smoker 27

Pack-year 15±31.7

Comorbidity/history

Hypertension 12

Previous malignancies 11

Respiratory disease 10

Heart disease 6

Thyroid disease 5

Diabetes 2

Preoperative blood examination

CRP (mg/dL) 0.065±0.4

TP (g/dL) 7.1±0.47

ALB (g/dL) 4.2±0.33

Cre (mg/dL) 0.76±0.21

BUN (mg/dL) 16±4.32

eGFR (mL/min/1.73 m2) 69.3±15.3

AST (IU/L) 21±6.9

ALT (IU/L) 16±8.9

ALP (IU/L) 243±59.4

T-Bil (mg/dL) 0.7±0.33

LDH (IU/L) 186±29.7

Operation

Lobectomy 42

Segmentectomy 7

Partial resection 1

Complete VATS 33

Operation time (min) 226.5±59.0

Bleeding amount (g) 100±195.9

Stage

0 3

I 41

II 1

III 4

NA 1

Table 1 (continued)

Table 1 (continued)

Parameter Value (n=50)

Pathology

Adenocarcinoma 42

Squamous cell carcinoma 3

LCNEC 2

Adenosquamous cell carcinoma 1

Others 2

Data are reported as mean ± standard deviation (SD). NA, 
not applicable; CRP, C-reactive protein; TP, total protein; 
ALB, albumin; Cre, creatinine; BUN, blood urea nitrogen; 
eGFR, estimated glomerular filtration rate; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; ALP, alkaline 
phosphatase; T-Bil, total bilirubin; LDH, lactate dehydrogenase; 
VATS, video-assisted thoracoscopic surgery; LCNEC, large cell 
neuroendocrine carcinoma.
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of which had technical issues including bronchial stenosis. 
In two cases, a slight bronchial stenosis, due to bronchial 
kinking following lung resection, was observed during 
radiological examination. The remaining one showed a 
strong adhesin between the lung and chest wall, which 
required extensive dissection. When abnormal shadow was 
found in the remaining lungs following the postoperative 
period in these three cases, it was difficult to distinguish 
pneumonia from atelectasis or lung hematoma. However, 
we included these three cases as pneumonia according to 
our definition of postoperative pneumonia. All cases were 
treated by re-administration of antibiotics and recovered. 
Arrhythmia (atrial fibrillation, paroxysmal supraventricular 
tachycardia) and chylothorax were observed as postoperative 
complications; these cases were treated with conservative 
treatment and recovered well. Re-administration of 
antibiotics was conducted in nine cases (19%), including 
lung hematoma, chylothorax, and bronchial stenosis. In 
this study, antibiotics were re-administered under the 
consultation of an infectious disease physician; Tazobactam/

Piperacillin was the most commonly used antibiotics  
(5 cases). The peak value of postoperative C-reactive protein 
(CRP) was 8.0±5.98 mg/dL. The AZM concentration in 
lung tissue was 5.9±5.9 μg/g. There was no adverse event 
related to AZM administration, and postoperative mortality 
was 0% (Table 2).

Bacterial culture of lung tissue

Five patients showed bacterial growth from the resected 
lung specimens, which did not show any significant 
correlation with postoperative pneumonia (Table 3).

Inflammatory cytokine analysis 

The relative gene expression of interleukin-6 (IL-6), tumor 
necrosis factor-alpha (TNF-α), and MUC5B normalized 
by glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 
expression in the resected specimens was 0.37±0.52, 
0.00034±0.018, and 0.0044±0.15, respectively. 

Correlation analysis for lung AZM concentrations 

Correlations between AZM concentrations in lung tissue 
and clinical/laboratory findings were assessed statistically. As 
a result, we observed a negative correlation between AZM 
concentration and relative IL-6 mRNA levels (IL-6/GAPDH); 
no other significant correlation was detected (Figure 2). 

Analysis for postoperative pneumonia, re-administration 
of antibiotics, and bacterial detection in lung tissue culture

Correlation analysis was performed between clinical/
laboratory data and postoperative pneumonia (n=5), re-
administration of antibiotics (n=9), and bacterial detection 
by lung tissue culture (4 positive cases). In the analysis 
for postoperative pneumonia, significant differences were 
observed in heart disease as a comorbidity; however, no 
other significant correlation was observed including AZM 
concentrations in lung tissue and the relative mRNA levels 
obtained by polymerase chain reaction (PCR) analysis. No 
significant correlation was observed in the analysis of re-
administration of antibiotics and tissue culture (Table 3).

Discussion 

In this study, we have focused on the prophylactic use of 
AZM-SR in general thoracic surgery and illustrated the 

Table 2 Postoperative outcome and data 

Parameter Value (n=50)

Maximum of postoperative CRP (mg/dL) 8.0±5.98

Postoperative pneumonitis 5 (10%)

Arrhythmia 3 (6%)

Chylothorax 2 (4%)

Prolonged air leakage 1 (2%)

Late-onset bronchopleural fistula 1 (2%)

Urinary tract infection 1 (2%)

Re-administration of antibiotics 9 (18%)

AZM-related postoperative adverse event 0 (0%)

Postoperative mortality 0 (0%)

AZM concentration in the lung (μg/g) 5.9±5.9

Bacterial detection in lung tissue culture 4 (8%)

Relative mRNA level 

IL6/GAPDH 0.37±0.52

MUC5B/GAPDH 0.00034±0.018

TNF-α/GAPDH 0.0044±0.15

Data are reported as mean ± standard deviation (SD). CRP, 
C-reactive protein; AZM, azithromycin; TP, total protein; IL-
6, interleukin-6; TNF-α, tumor necrosis factor-alpha; GAPDH, 
gyceraldehyde-3-phosphate dehydrogenase.
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Table 3 Univariate analysis of the results in patients who experienced postoperative pneumonitis, patients who needed re-administration of 
antibiotics, and those who tested positive for bacterial lung tissue culture

Parameter
Postoperative pneumonitis 

(n=5)
Re-administration of  

antibiotics (n=9)
Bacteria detection by lung tissue 

cultivation (positive case =4)

Age (year) 0.1123 0.5025 0.2823

Sex (male/female) 0.6374 0.7128 1

Weight (kg) 0.9484 0.3247 0.9572

Height (cm) 0.9099 0.7619 0.9715

Pack-year 0.3584 0.2264 0.8952

Comorbidity/history

Respiratory disease (n=10) 0.2386 0.854 0.2971

Heart disease (n=6) 0.0005 0.0296 0.4413

Preoperative blood examination

Cre (mg/dL) 0.0341 0.4262 0.943

BUN (mg/dL) 0.0914 0.5771 0.2507

eGFR (mL/min/1.73 m2) 0.0433 0.7332 0.9857

AST (IU/L) 0.2237 0.0226 0.1318

ALT (IU/L) 0.056 0.0103 0.0958

Complete VATS (n=33) 0.1958 0.4651 0.4813

Operation time (min) 0.0485 0.161 0.7611

Bleeding amount (g) 0.0244 0.0687 0.3612

Maximum postoperative CRP level (mg/dL) 0.0076 0.0083 0.0535

AZM concentration in the lung (μg/g) 0.9099 0.5196 0.6166

Relative mRNA expression level 

IL6/GAPDH 0.7916 0.2559 0.2282

MUC5B/GAPDH 0.0921 0.7963 0.5839

TNF-α/GAPDH 0.5745 0.8364 0.7702

Bacterial detection by lung tissue culture 0.487 0.3286

Data are reported as mean ± standard deviation (SD). Cre, creatinine; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; 
AST, aspartate aminotransferase; ALT, alanine aminotransferase; VATS, video-assisted thoracoscopic surgery; CRP, C-reactive protein; 
AZM, azithromycin; IL-6, interleukin-6; TNF-α, tumor necrosis factor-alpha; GAPDH, gyceraldehyde-3-phosphate dehydrogenase.

feasibility of this novel concept. Moreover, we evaluated the 
levels of multiple cytokines associated with inflammation 
and mucosal immunity, which have reinforced this concept. 

IL-6 mRNA levels and AZM concentrations showed 
negative correlation, demonstrating the anti-inflammatory 
effect of AZM in general thoracic surgery, while that 
of TNF-α and MUC 5B showed no correlation. The 
immunomodulatory effect of AZM has been investigated 
in lung disease patients (14,21). In the acute phase of 

immunomodulation, AZM decreases the production of pro-
inflammatory cytokines such as IL-6, TNF-α, interleukin-8 
(IL-8), granulocyte-macrophage colony-stimulating factor 
(GM-CSF), and matrix metalloproteinases (MMPs) (22-25). 
Our data demonstrate a negative correlation between AZM 
concentrations in lung tissue and IL-6 mRNA levels, which 
is consistent with previous reports. Moreover, especially 
in lung transplant patients, AZM has been used for its 
anti-inflammatory effect (26). Our finding of the negative 
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Figure 2 Correlation between the AZM concentration in the lung tissue and clinical/laboratory findings. Analysis of the correlation between 
the AZM concentration in the lung tissue and variables. Relative mRNA expression, (A) IL6/GAPDH, (B) MUC5B/GAPDH, (C) TNF-α/
GAPDH; (D) age; (E) height of the patients; (F) weight of the patients; (G) pack-year index; (H) preoperative eGFR; (I) preoperative AST; 
(J) preoperative ALT; (K) preoperative ALP; (L) maximum postoperative CRP value; (M) operation time; (N) bleeding amount. AZM, 
azithromycin; IL-6, interleukin-6; TNF-α, tumor necrosis factor-alpha; GAPDH, glyceraldehyde-3-phosphate dehydrogenase; eGFR, 
estimated glomerular filtration rate; AST, aspartate aminotransferase; ALT, alanine aminotransferase; ALP, alkaline phosphatase; CRP, 
C-reactive protein.
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correlation between AZM and IL-6 concentrations could 
help inform future use of AZM in general thoracic surgery, 
especially for high-risk patients with impaired respiratory 
function. Although other cytokines showed no correlation 
in this study, further investigations may show correlation 
between AZM and other cytokines in the respiratory tract.

We found no AZM-related side effects in our study, 
such as elevation of liver enzymes, long QT syndrome, 

or diarrhea, which demonstrates the safety of AZM-SR 
in general thoracic surgery and suggests the feasibility of 
another study with increased number of patients with a 
double-arm study design.

The results of the bacterial culture of the resected lung 
specimens showed a few positive cases, which showed 
no correlation with postoperative infection. Thus, we 
concluded that AZM-SR showed no negative effect with 
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respect to postoperative infection. The positive bacterial 
cultures of the resected lung might be due to preoperative 
colonization, as postoperative bacterial examination 
showed no positive culture. The effect of AZM-SR in the 
prevention of postoperative infection should be further 
investigated. AZM levels in pulmonary tissue have been 
found to remain high for up to 5 days even after a single 
oral 500 mg dose, in contrast to plasma AZM levels (27). 
Higher AZM levels have also been reported to be higher 
in tissue interstitial fluid than in plasma (19,28). These 
findings suggest that the higher AZM concentration in the 
respiratory tract would possess an inhibitory effect on many 
sensitive respiratory pathogens (27). 

Postoperative pneumonia is one of the most common 
complications in patients with lung cancer undergoing 
therapeutic surgical resection and has been reported as a 
poor prognostic factor (29,30). The reported incidence of 
postoperative pneumonia following lung cancer surgery 
ranges from 3.6% to 18.7% (29-32). The incidence of 
postoperative pneumonia in our study was 10% (5 cases), 
while that with traditional cephem antibiotics in our 
institution was 6.7% to 9.4% between 2013 and 2015 (data 
not shown). However, some technical issues were involved 
in 3 cases, suggesting that this AZM formulation was not 
inferior to classical prophylactic treatment. A significant 
relationship was only observed between postoperative 
pneumonia and heart disease as a comorbidity, which 
was consistent with previous reports that showed 
underlying heart disease as a risk factor for postoperative 
pneumonia (31,33). Although direct correlation between 
AZM and postoperative pneumonia was not found, the 
high concentration of AZM in the lung may prevent 
postoperative pneumonia through an anti-inflammatory 
effect, as evidenced by the low IL-6 expression in this 
study. Some patients received re-administration of 
other antibiotics as prophylactics for lung hematoma or 
chylothorax; however, the sustained effect of AZM-SR 
observed in this study suggests that re-administration would 
be unnecessary. 

The use of macrolides has drawn attention to possible 
cardiovascular events, particularly arrhythmias, mainly 
with concomitant use of other QT-prolonging drugs or 
underlying structural heart disease. However, azithromycin 
may be considered the safest of all macrolides in this respect 
as serum levels in healthy volunteers are >3,000 times 
lower than drug concentrations required for cardiomyocyte 
potassium channel (hERG/IKr)-blockade, action potential 
prolongation, and QTc prolongation (26). In this study, no 

AZM-related adverse events, including typical arrhythmia 
(long QT), were observed. We believe that our exclusion 
criteria, namely, severe liver dysfunction and long QT 
syndrome, were appropriate in this study.

This study is not without limitations. First, since we 
focused on the biological features rather than the statistical 
aspects in this pilot study, the number of patients (sample 
size) was not statistically calculated, and no control group 
was included. Second, we did not show a direct relationship 
between AZM and postoperative pneumonia. However, we 
believe that this study demonstrates the safety and efficacy 
of the prophylactic use of AZM-SR in general thoracic 
surgery.

In conclusion, prophylactic use of AZM-SR in general 
thoracic surgery seems safe and feasible. Additional benefits 
from the anti-inflammatory effect of AZM could be 
expected with such use. This study lays the foundation for 
future studies on AZM-SR in matched patient populations 
and offers a new strategy of prophylactic treatment in 
general thoracic surgery.
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Gene name (Accession no.) Primer and probe sequence

IL-6 (NM_000600) F 5'- CCAGAGCTGTGCAGATGAGTAC-3'

R 5'- TGGCATTTGTGGTTGGGTCAG-3'

P 5'-FAM- TCCTGATCCAGTTCCTGCAGAAAAAGGCA-TAMRA-3'

TNF-α (NM_000594) F 5'- CCACCACGCTCTTCTGCC-3'

R 5'- AGGTCCCTGGGGAACTCTTC-3'

P 5'-FAM- CACTTTGGAGTGATCGGCCCC-TAMRA-3'

MUC5B (NM_012234) F 5'- GAAGCTGCGACAGGCAAG-3'

R 5'- CCTCAGCCCTGAGTTACCC-3'

P UPL#40 (Universal Probe Library, Roche)

GAPDH (NM_002046) F 5'- CGACAGTCAGCCGCATCTTC-3'

R 5'- CCCAATACGACCAAATCCGTTGA-3'

P 5'-FAM-CGTCCCCAGCCGAGCCACATCG -TAMRA-3'

F: forward primer, R: reverse primer, P: TaqMan probe. IL-6, Interleukin-6; TNF-α, tumor necrosis factor-alpha; GAPDH, glyceraldehyde-3-
phosphate dehydrogenase.
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