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How much apoptosis does carbon
monoxide poisoning cause? Primary
clinical soluble TWEAK protein
level study

N Dindar Badem1 , E Cömertpay2 and F Coşkun2

Abstract
Carbon monoxide (CO) is an important cause of deaths via poisoning. CO poisoning causes inhibition of O2

transport and development of tissue hypoxia, which then causes cell apoptosis. A significant indicator of cell
apoptosis, soluble tumor necrosis factor-like weak inducer of apoptosis (sTWEAK) protein, is important for
the stimulation of apoptosis. The primary purpose of this study is to determine whether apoptosis occurs
during acute CO poisoning and to show that sTWEAK protein is an indicator of apoptosis that can be analyzed
as a marker in the peripheral blood sample. The secondary aim is to determine the diagnostic and prognostic
values of sTWEAK protein. The study was performed prospectively on 43 patients with CO poisoning and
30 healthy volunteer control individuals. The anamneses were taken from all patients, who also underwent
physical examination. Complete blood count, biochemical markers, cardiac enzymes, and arterial blood gas
measurements were analyzed. All the patients’ sTWEAK protein levels were also analyzed. The sTWEAK
protein level of patients with CO poisoning was 2278 pg/mL (1197–7234), while the level of the control group
was 1609 pg/mL (310–3721). The patients’ sTWEAK levels were significantly higher than the controls (area
under the curve: 0.77 (0.66–0.89); p < 0.001), and the cutoff value was determined as 1895.50 pg/mL. The cutoff
level had a sensitivity of 74.4%, a specificity of 76.7%, a positive predictive value of 82.0%, and a negative
predictive value of 67.6%. sTWEAK is a significant indicator of apoptosis in CO poisoning that can be analyzed
in the peripheral blood. However, further clinical trials are needed in terms of prognostic criteria.
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Introduction

Carbon monoxide (CO) is an important cause of

deaths via poisoning.1–4 Transport of oxygen is inhib-

ited, and delivery of oxygen to tissues is restricted in

CO poisoning, which leads to tissue hypoxia. The

most affected systems are central nervous system and

cardiovascular system.3 Mortality is substantially

associated with problems in these two systems. Death

might be caused by cardiac toxicity, neurotoxicity,

systemic acidosis, or respiratory arrest.1

When CO is inhaled, it binds with 220 times more

affinity to hemoglobin and forms carboxyhemoglo-

bin (COHb).5 CO poisoning is known to cause both

tissue hypoxia and direct cellular changes involving

immunological or inflammatory damage through

several mechanisms.4

While patients with less than 10% COHb concen-

tration are usually asymptomatic, the concentration of

over 16% COHb is enough for clinical symptoms to

appear. When the COHb level is over 30%, some

clinical signs are observed, which may include severe

headaches, loss of strength, nausea, vomiting, blur-

ring of vision, dizziness, collapse, and dark red
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coloring of lips and skin. Once the COHb level

reaches around 60%, coma, convulsion, and cardio-

pulmonary arrest may occur.5,6 However, it is

accepted that there is not a strong correlation between

the COHb levels and severity of poisoning, and espe-

cially between the symptoms and prognosis of the

patient in the acute phases and measured COHb levels

at admission to the hospital.5–7

Soluble tumor necrosis factor (TNF)-like weak

inducer of apoptosis (sTWEAK), first defined in

1997, is a growth regulator protein from the TNF-a
family with a weak apoptotic activity.8,9 sTWEAK

protein is mainly responsible for stimulation of apop-

tosis and the regulation of many biological functions

such as release of inflammatory cytokines, cell

growth, and induction of angiogenesis.10,11 sTWEAK

is found in the intestines, pancreas, lungs, ovaries,

brain tissues, skeletal muscle, blood vessels, and in

lesser amounts in the kidneys and liver.12 The recep-

tor that binds sTWEAK via physiological affinity,

fibroblast growth factor inducible 14 (Fn14), is the

smallest member of the TNF receptor family.9 In

healthy tissues including blood vessels and heart,

Fn14 is generally in low or undetectable levels. After

tissue damage, its level increases rapidly. Studies

showed that there were dramatic increases in

sTWEAK levels during chronic liver damage, ence-

phalitis, renal insufficiency, and myocardial infarc-

tion (MI).12 Fn14 is induced by the interleukins,

cytokines, and several growth factors found in mono-

cytes, macrophages, vascular smooth muscle cells,

and damaged vascular walls of endothelial cells.13–16

To the best of our knowledge, no studies have so

far investigated apoptosis in the peripheral blood

samples of CO-poisoned patients. The primary pur-

pose of this study is to determine whether apoptosis

occurs in patients during acute CO poisoning and to

show that sTWEAK protein is an indicator of apop-

tosis that can be analyzed as a marker in the periph-

eral blood sample. Secondarily, the study aims to

determine the diagnostic and prognostic values of

the sTWEAK protein.

Subjects and methods

This prospective study was performed at the Depart-

ments of Emergency Medicine and Medical Biochem-

istry, Kırıkkale University, Turkey, between

November 2015 and April 2017. It was approved by

the Kırıkkale University Faculty of Medicine ethical

committee (Decision Number: 2015-20/06). Patients

who were over 18 and who applied to the emergency

service with CO poisoning were included in the study.

Patients who had conditions that would cause higher-

than-normal levels of sTWEAK such as chronic heart

failure, MI, chronic liver failure, chronic renal failure,

and diabetes mellitus were excluded.

Demographical data (age and gender) of the

patients were recorded, and their routine evaluations

included anamnesis and routine physical examination.

Complete blood count, biochemistry, cardiac

enzymes, and arterial blood gas and COHb levels

were analyzed in addition to sTWEAK levels. Treat-

ments of all the 43 patients were started promptly.

Data about the patients were recorded in standardized

study forms. The control group was composed of 30

individuals of similar ages with no history of illness,

smoking, or CO contact. Only the sTWEAK levels

were measured for the control group, because the

COHb levels, which can be determined via an inva-

sive arterial blood sampling, were strongly expected

to be minimal.

sTWEAK measurement protocol

Blood samples of 8–10 mL volumes were taken from

the patients and the control group, their serums were

separated in sterile conditions, and within 30 min of

sampling they were frozen and kept at �80�C. The

samples were returned to room temperature 3 h before

analysis. The sTWEAK concentrations were mea-

sured in serum samples using an ELISA kit (Human

TNSF12/TWEAK PicoKine™ ELISA Kit (Catalog

Number: EK0920) Boster Biological Technology,

Pleasanton, California, USA) in accordance with the

manufacturer instructions. The kit could measure con-

centrations between 62.5 pg/mL and 10,000.0 pg/mL

with a sensitivity of <10 pg/mL. Intra-assay and inter-

assay CV values were 5.4% and 6.4%, respectively.

Methods

Standards and samples that were placed in the wells

lined with antihuman sTWEAK antibody were incu-

bated at 37�C for 90 min. Then biotinylated antihu-

man TNFSF12 antibody was added, and they were

once again incubated at 37�C for 60 min. Once the

incubation period was over, the wells were washed

with 0.01 M Tris-buffered saline (TBS) three times.

Afterward, avidin–biotin-peroxidase complex was

added to the wells and they were set to incubate at

37�C for 30 min. After this incubation, the wells were

washed again five times with 0.01 M TBS. Following
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the washing, 3,30,5,50-Tetramethylbenzidine (TMB)

color-developing reagent was added, and the plate

was incubated in the darkness at 37�C for 25–30 min.

Then, TMB stop solution was added to the wells, and

their absorbance at 450-nm wavelength was read

using an automatic ELISA reader. The sTWEAK con-

centrations of the samples were calculated via the

curve prepared using the results of the standards.

Statistical analyses

All data were analyzed with SPSS (Statistical Pack-

age for Social Sciences) for Windows 22.0 (SPSS Inc,

Chicago, Illinois, USA). Descriptive statistics were

presented as mean + standard deviation, median

(min–max), frequency distribution, and percentage.

Categorical variables were assessed using Pearson’s

�2 test and Fisher’s exact test. Normally distributed

data were analyzed using visual (histograms and

probability graphs) and analytical (Kolmogorov–

Smirnov test) methods. Descriptive statistics were

presented as mean and standard deviation for

normally distributed variables and as median and

quartiles for non-normally distributed ones. Student’s

t-test was used to assess the differences of the nor-

mally distributed variables in both groups, while the

Mann–Whitney U test was employed for the non-

normally distributed ones. p-Values of <0.05 were

considered statistically significant. To determine the

correlation between the variables, at least one of

which distributed non-normally, the coefficient of

correlation was calculated using the Spearman test.

For statistical significance, type-I error level was

5%. The diagnostic importance of sTWEAK protein

in CO poisoning was assessed with the receiver oper-

ating characteristic (ROC) curve analysis. The spe-

cificities, sensitivities, and positive and negative

predictive values were calculated for significant

boundary values. Statistical significance was set at

p < 0.05.

Results

Several demographical and clinical properties of the

patients with CO poisoning are presented in Table 1.

Of all the patients, 38 (88.4%) had no substance his-

tory, while 5 (11.6%) were smokers. The Glasgow

Coma Scale (GCS) score was 15 for 37 patients

(86%), 14 for 4 patients (9.3%), 11 for 1 patient

(2.3%), and 7 for 1 patient (2.3%).

Blood laboratory values and the sTWEAK levels

of the patients with CO poisoning are presented

in Table 2. According to these results, leukocyte

(white blood cells (WBC)), hemoglobin, creatinine,

alanine aminotransferase (ALT), aspartate amino-

transferase (AST), lactate, and partial pressure of

Table 1. Demographical and clinical information about the
CO-poisoned patients.

CO-poisoned patients n ¼ 43

Age (years), mean + SD 42.63 + 19.38
Age (years), median (min–max)

Female 40 (17–91)
Male 39.50 (19–76)

Gender, n (%)
Female 29 (67.4)
Male 14 (32.6)

CO exposure, n (%)
Heating stove 31 (72.1)
Water heater 5 (11.6)
Other 7 (16.3)

Smokers, n (%) 5 (11.6)
Symptoms, n (%)

Headache 4 (9.1)
Dizziness 4 (9.1)
Nausea–vomiting 2 (4.7)
Changes in consciousness 5 (11.6)
Heartburn 1 (2.3)
Multiple symptoms 25 (58.1)
No symptoms 2 (4.7)

Glasgow Coma Scale, median (min–max) 15 (7–15)

SD: standard deviation; n: number of patients; CO: carbon
monoxide.

Table 2. Blood laboratory results and sTWEAK concen-
trations of CO-poisoned patients.

n ¼ 43 Laboratory results

sTWEAK (pg/mL), median (min–max) 2278 (1197–7234)
Arterial COHb (%), median (min–max) 25.80 (10.70–47.30)
WBC count (bin/mL), mean + SD 9.17 + 2.60
Hemoglobin (g/dL), mean + SD 13.56 + 2.08
Urea (mg/dL), median (min–max) 27.30 (14.60–49.96)
Creatinine (mg/dL), mean + SD 0.80 + 0,16
ALT (U/L), mean + SD 17.19 + 1.17
AST (U/L), mean + SD 22.78 + 1.60
hs-TnT (pg/mL), median (min–max) 3.98 (3.00–30.17)
Lactate (mmol/L), mean + SD 2.02 + 1.07
pCO2 (mmHg), mean + SD 33.07 + 7.77

sTWEAK: soluble tumor necrosis factor-like weak inducer of
apoptosis; CO: carbon monoxide; COHb: carboxyhemoglobin;
WBC: white blood cells; SD: standard deviation; ALT: alanine
aminotransferase; AST: aspartate aminotransferase; hs-TnT: high-
sensitivity cardiac troponin T.
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CO2 (pCO2) variables were distributed normally,

while urea, high-sensitivity cardiac troponin T (hs-

TnT), COHb, and sTWEAK variables were not dis-

tributed normally. Distribution of age and sTWEAK

levels of the patients and the controls is given in Table

3. The graph depicting the sTWEAK levels of the

patients and controls is given in Figure 1.

Levels of sTWEAK protein were found to be sta-

tistically significantly higher (p < 0.001) in patients

with CO poisoning compared to the control group

(Table 3).

As part of the study, the predictive ability of

sTWEAK protein in the diagnosis of CO poisoning

was assessed using ROC curve analysis. Results

showed that sTWEAK was an important indicator of

CO poisoning (area under the curve: 0.77 (0.66–0.89);

p < 0.001), with a cutoff value of 1895.50 pg/mL

(Figure 2). For the cutoff value, calculations showed

that the sensitivity was 74.4%, specificity was 76.7%,

positive predictive value was 82%, and negative pre-

dictive value was 67.6% (Table 4).

The relationships between sTWEAK protein lev-

els, age, and laboratory results were assessed for all

the patients with CO poisoning. The results are as

given in Table 5. The statistical analyses showed no

relationships between the sTWEAK levels and age of

Table 3. Age and sTWEAK concentration distribution of CO-poisoned patients and healthy controls.

CO poisoning patients (n ¼ 43) Control (n ¼ 30) p

Age (years), median (min–max) 42.2 (18–91) 43 (18–70)
sTWEAK (pg/mL), median (min–max) 2278 (1197–7234) 1609 (310–3721) <0.001a

sTWEAK: soluble tumor necrosis factor-like weak inducer of apoptosis; CO: carbon monoxide; n: number of patients.
aMann–Whitney U test.
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Figure 1. Distribution of sTWEAK levels in CO-poisoned patients and healthy controls. sTWEAK: soluble tumor
necrosis factor-like weak inducer of apoptosis; CO: carbon monoxide.

Figure 2. Assessment of the diagnostic value of sTWEAK
protein in CO-poisoned patients using the ROC curve.
sTWEAK: soluble tumor necrosis factor-like weak indu-
cer of apoptosis; CO: carbon monoxide; ROC: receiver
operating characteristic.
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the patients (p ¼ 0.6). There was no correlation

between sTWEAK levels and GCS scores (p ¼
0.224). However, GCS score was statistically related

to lactate levels (p ¼ 0.002), WBC count (p ¼ 0.023),

and COHb levels (p ¼ 0.004). In addition, ALT and

AST were found to be statistically related (p ¼
0.0001). No correlations were found between the

patients’ sTWEAK levels and COHb (p ¼ 0.751),

urea (p ¼ 0.225), creatinine (p ¼ 0.688), AST (p ¼
0.612), ALT (p ¼ 0.422), troponin T (p ¼ 0.197), and

lactate levels (p ¼ 0.114). A statistical relationship

was found between the sTWEAK protein and WBC

(p ¼ 0.033). Laboratory values of the patients indi-

cated that lactate levels were statistically related to

COHb (p ¼ 0.038) and WBC (p ¼ 0.010); hemoglo-

bin was related to creatinine (p ¼ 0.029) and AST

(p ¼ 0.005); urea was related to creatinine (p ¼
0.003), troponin (p ¼ 0.038), WBC (p ¼ 0.041), and

ALT (p ¼ 0.045).

While 38 patients had no prior substance history, 5

patients were smokers. As seen in Table 6, when the

COHb and sTWEAK levels of these two groups of

patients were investigated, nonsmokers’ average

COHb level was at 22.80%, and smokers’ average

COHb level was at 23.64%; the average value of

sTWEAK level of nonsmokers was 2351 pg/mL, and

the average value of smokers was 3013 pg/mL. When

the smokers and nonsmokers were compared,

although the smokers had higher COHb and

sTWEAK levels on the average than nonsmokers,

no statistically significant difference was detected

(p ¼ 0.352 and p ¼ 0.716, respectively).

Of the 43 patients, 27 (62.8%) were discharged

after the treatment in the emergency room (ER) unit

within the same day, 1 (2.3%) was admitted to ser-

vice, and 15 (34.9%) were placed in the intensive care

unit. All the patients were successfully treated. Seven

(16.3%) of the in-patients were discharged after 1 day,

three (7.0%) were discharged after 2 days, four (9.3%)

were discharged after 3 days, one (2.3%) was dis-

charged after 10 days, and one (2.3%) was discharged

after 90 days. The mean hospitalization duration was

2.9070 +13.70751 (min: 0 and max: 90 days). No

statistically significant relationship was found

between the hospitalization duration and sTWEAK

levels (p ¼ 0.475), nor between the sTWEAK levels

of the patients who were discharged on the same day

and the patients who were hospitalized (p ¼ 0.618).

Similarly, the relationship between COHb levels and

hospitalization duration was not statistically signifi-

cant (p ¼ 0.058).

When the sTWEAK levels of the patients with

COHb levels of over and under 30% were compared,

no statistically significant difference was found

(p ¼ 0.122; Table 7).

Discussion

In this study, the sTWEAK protein levels of patients

with CO poisoning were statistically significantly

higher than the control group. It was also found that

apoptosis occurred in patients with CO poisoning, and

sTWEAK could be used as a valuable indicator of CO

poisoning diagnosis.

sTWEAK is one of the proinflammatory cyto-

kines.17 In recent years, its popularity has grown

as studies have focused on the use of this protein

in the stimulation of apoptosis and regulation of

other biological functions such as release of

inflammatory cytokines, cell growth, and induc-

tion of angiogenesis.17

Chorianopoulos et al. reported that sTWEAK lev-

els in patients with ST elevation acute MI were

noticeably higher than both the control group and

other patients with stable coronary artery diseases.18

Hengdao et al. investigated the role of sTWEAK in

atherosclerosis and showed that sTWEAK partici-

pated in the formation and progress of atherosclerosis;

when it binds to the first receptor, Fn14 is rapidly

released, resulting in negative biological conse-

quences during atherosclerosis such as phenotypical

changes in smooth muscle cells and inflammatory

responses of monocytes and macrophages.19 Muñoz-

Garcı́a et al. stated in their study that, in

Table 4. Sensitivity, specificity, and positive and negative predictive values of the determined sTWEAK cutoff level in CO
poisoning diagnosis.

Cutoff Sensitivity (%) Specificity (%) PPD (%) NPD (%)

sTWEAK (pg/mL) 1895.50 74.4 76.7 82 67.6

sTWEAK: soluble tumor necrosis factor-like weak inducer of apoptosis; PPD: positive predictive value; NPD: negative predictive value;
%: percentage.
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apolipoprotein E knockout mice that were fed with a

hyperlipidemic diet, sTWEAK was shown to enhance

the inflammatory response associated with a lipid-rich

diet, as well as increasing the proinflammatory cyto-

kines along with macrophage cell uptake, resulting in

vascular lesions and renal damage caused by the

hyperlipidemic situation.20 In another study, Martı́n-

Ventura et al. compared the sTWEAK levels of

patients with abdominal aortic aneurism (AAA) with

healthy control individuals and reported that there

was a negative correlation between the aorta radius

and low sTWEAK levels, which could be used to

diagnose and prognose AAA.21

According to the established literature, in cases of

cardiovascular diseases, sTWEAK is known to be in

higher levels compared to the control groups. The

present study also indicates similar results as CO poi-

soning is cardiotoxic, and it causes apoptosis in the

cardiovascular system.

Bertin et al. stated that the sTWEAK/Fn14 path-

way can be used as a biological indicator in the diag-

nosis and tracking the progress of several human

autoimmune/chronic inflammatory diseases such as

lupus, rheumatoid arthritis, and multiple sclerosis.22

However, they also expressed difficulties in

sTWEAK quantification and standardization in data

acquisition in routine practice.22 In their study that

investigated the relationships between ischemic

stroke and sTWEAK, Inta et al. reported that the

sTWEAK and Fn14 levels of patients who were

admitted within 24 h of an ischemic stroke were sig-

nificantly higher than the control group, and these

levels were related to post-stoke survival. However,

they were unrelated to the infarction size.23 Studies

showing the relationships between sTWEAK protein

and recovery are not limited to these. sTWEAK pro-

tein was reported to be the indicators of mortality and

prognosis for chronic renal failure by Yılmaz et al.,

nonischemic heart failure by Richter et al., and

chronic stable heart insufficiency by Chorianopoulos

et al.24–26 Therefore, in our study, we specifically

aimed to measure the sTWEAK levels in acute CO

poisoning cases by excluding patients with chronical

diseases.

Several immunohistochemical studies showed

cell-level apoptosis in the central nervous and cardi-

ovascular systems caused by CO poisoning.27,28 How-

ever, no studies in the literature on CO poisoning

investigated or showed the detection of apoptosis

using peripheral circulation. Xue et al. investigated

the immunohistochemical effects of neural apoptosis

and hyperbaric oxygen on different areas of the hip-

pocampus of acutely CO-poisoned rats and found that

apoptosis occurred, and it could be prevented by

7 days of hyperbaric oxygen treatment.27 Rezaee

et al. experimentally determined that in acutely

CO-poisoned rats, immunohistochemically, apoptosis

occurs in the myocardial tissues and application of

erythropoietin noticeably suppresses the apoptosis in

myocardial cells.28 In our study, we found that the

serum sTWEAK levels of patients were significantly

higher than the control group, which also indicated

that serum or plasma sTWEAK levels could be a

marker for apoptosis in CO poisoning.

With the results, the sTWEAK cutoff value was

determined as 1895.50 pg/mL in our study and higher

sTWEAK levels were found to be significant in CO

poisoning diagnosis. Previous studies reported a wide

range of sTWEAK cutoff levels.18,29 These differ-

ences could be caused by the heterogeneity in the

Table 7. Relationship between COHb and sTWEAK levels in CO-poisoned patients.

COHb <30% COHb >30% p-Value

sTWEAK (pg/mL), median (min–max) 2127 (1197–7234) 2359.5 (1570–4010) 0.122

sTWEAK: soluble tumor necrosis factor-like weak inducer of apoptosis; COHb: carboxyhemoglobin.

Table 6. Comparison of the sTWEAK and COHb levels of smokers and non-smokers.

Nonsmokers (n ¼ 38) Smokers (n ¼ 5) p

COHb level (%), mean + SD 22.80 + 7.57 23.64 + 11.50 0.352
sTWEAK (pg/mL), mean + SD 2351 + 1043.42 3013 + 790.90 0.716

sTWEAK: soluble tumor necrosis factor-like weak inducer of apoptosis; n: number of patients; COHb: carboxyhemoglobin; SD:
standard deviation.
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study groups and/or methods. In addition, it could be

argued that the differences result from the variability

of sTWEAK levels in acute and chronic illnesses and

stable and unstable patients.

The literature indicates a very limited number of

studies on sTWEAK protein concentrations in

blood circulation that are used to indicate disease

prognosis.21,30 We initially thought that the sTWEAK

concentrations would be higher in CO-poisoned

patients who had cardiac and central nervous system

effects, and it could be an important indicator in prog-

nosis. However, we could not detect a relationship

between the sTWEAK levels and prognosis. We

believe that this relationship could not be established

because of the fewer number of patients, particularly

with severe cases of poisoning.

Limitations

The first limitation we encountered in our study was

the limited number of patients. The second limitation

was that the COHb concentrations were lower than

expected, caused by the oxygen treatment en route to

the ER. The third limitation was the inability of prog-

nostic assessment due to lack of posttreatment

sTWEAK concentrations.

Conclusion

In our study, sTWEAK concentrations were signifi-

cantly higher in CO-poisoned patients compared to

healthy controls. This indicates that apoptosis occurs

in the CO-poisoned patients, and sTWEAK protein is

a useful indicator in CO poisoning diagnosis. The

results of the ROC curve analysis, conducted to deter-

mine the diagnostic value of sTWEAK in CO poison-

ing, yielded a cutoff value of 1895.50 pg/mL.

When the sTWEAK protein concentrations of

patients with COHb levels of over 30% and below

30% were compared, no statistically significant dif-

ference was detected. Apoptosis occurs during CO

poisoning; however, the level of apoptosis does not

increase with the severity of poisoning.

The present study is the first study demonstrating

the importance of the sTWEAK concentrations in CO

poisoning cases; however, we believe that further

reference value studies need to be established for

utilizing sTWEAK levels as an apoptosis indicator

in routine clinical practice. Additional clinical studies

involving more patients are also recommended

to determine whether sTWEAK protein level is

an important marker in prognosis. Finally, further

research could show new correlations between other

common biomarkers and sTWEAK and COHb levels.
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