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Abstract: Narcolepsy-cataplexy (NC) is a chronic neurological disease with 
suggested autoimmune etiopathogenesis. Nicotine stimulates central nervous 
system and smoking increases the risk of autoimmune diseases. Assessment of 
smoking habits and its correlation to clinical parameters among 87 adult NC 
patients (38 male, 49 female) included night polysomnography and multiple sleep 
latency test. In our sample, 43.7% NC patients were regular smokers, and 19.5% 
former smokers compared to 22.2%, and 12.6%, respectively, in the general 
population. Patients started to smoke in the mean age of 20.0 (SD ±6.0) years. 
72.2% of NC smokers started to smoke before the onset of NC and the mean of 
the delay between smoking onset and NC onset was 9.1 (±5.8) years. We found 
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a direct correlation between smoking duration and the number of awakenings, 
duration of N1 sleep, REM sleep latency, and apnoea/hypopnoea index (AHI), 
and, on the contrary, indirect correlation between smoking duration and N3 
sleep duration, showing that smoking duration consistently correlates with sleep 
macrostructure. Smoking is highly prevalent in NC and has relationship with clinical 
features of NC.

Introduction
Narcolepsy-cataplexy (NC) is a chronic neurological disease with a prevalence of 
approximately 0.045% in North America and Europe (Ohayon et al., 2002). The 
manifestations of NC are excessive daytime sleepiness (EDS) and cataplexy, and 
roughly half of patients experience hypnagogic hallucinations and sleep paralysis. 
Additionally, most patients have fragmented night-time sleep. Dysregulation of 
REM sleep is typical, with REM sleep occurring within the first 15 minutes of sleep 
onset, termed sleep onset REM periods (SOREMp), during the day and at night 
(Dauvilliers et al., 2007). The age at onset varies from childhood to approximately 
60 years of age, with manifestation most often at 15–20 years of age, and a second 
peak between 35 and 40 years of age (Dauvilliers et al., 2001).

The pathologic basis of the disease is a deficiency of neurons in the lateral 
hypothalamus that produce hypocretin (Thannickal et al., 2000). Although the exact 
mechanism of hypocretin deficiency is unknown, evidence from the past 20 years 
strongly favours an immune-mediated or autoimmune attack, targeting specifically 
hypocretin neurons in genetically predisposed individuals (Liblau et al., 2015). The 
hypothesis that a targeted immune-mediated or autoimmune attack causes the 
specific degeneration of hypocretin neurons arose mainly through the discovery 
of genetic associations, first with the HLA DQB1*06:02 allele (Mignot, 1998) 
and then with the T-cell receptor α locus (Hallmayer et al., 2009). It is suggested 
that specific autoimmune process is triggered by different environmental stimuli 
like streptococcal infection or anti H1N1 vaccination or H1N1 infection itself in 
genetically disposed subjects and is time limited (Partinen et al., 2014).

Dependency on tobacco is one of the most common dependencies in today’s 
society, including the Czech Republic and Slovak Republic, with prevalence of 
about 30% in the population 15–64 years (Sovinová and Csémy, 2015). Smoking 
as related to NC deserves our interest for several reasons. Nicotine exhibits 
stimulatory effects (Boutrel and Koob, 2004), so patients might use it in attempt to 
suppress their EDS. Some studies report that NC is associated with higher levels 
of impulsiveness and the so-called sensation-seeking behaviour in this condition 
(Dimitrova et al., 2011), which might explain increased tendency to smoke. Smoking 
is a risk factor for development and progression of multiple sclerosis (Carlens 
et al., 2010; Wingerchuk, 2012; Hedstrom et al., 2013) and other inflammatory 
diseases such as rheumatoid arthritis, Crohn’s disease, ulcerative colitis, and 
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sarcoidosis (Carlens et al., 2010). It is thus possible to assume that smoking plays  
a role in the development of NC, even when smoking appears to cause multiple 
sclerosis in other ways than through the mediation of nicotine (Carlens et al., 2010).

This led us to find out about the proportion of our patients with NC who are 
smokers, and whether there is a relationship between smoking and the clinical 
parameters of NC.

Sample and Methods
Our study included 87 adult patients with NC we were able to contact over the 
course of 2015. All patients fulfilled the diagnostic criteria of the International 
Classification of Sleep Disorders, 2nd Edition (ICSD2; American Academy of Sleep 
Medicine, 2005). The records of subjects diagnosed before 2005 (the year of ICSD2 
publication) were carefully checked and conformity with ICSD2 was verified. The 
study included 49 women and 38 men aged from 19 to 83 years, mean age of 
study participants was 46.6 (SD ±16.3) years. Mean age of onset of narcolepsy 
symptoms was 23.5 (±10.4) years. HLA DQB1*0602 genotyping was available 
for 83 patients 82 of whom were positive corresponding to commonly reported 
representation in NC (Liblau et al., 2015). Relevant clinical data including the 
results of polysomnography analysed according to American Academy of Sleep 
Medicine (AASM) guidelines (Iber et al., 2007) and Multiple Sleep Latency Test 
(MSLT) conducted according to AASM recommendations (Arand et al., 2005) and 
Epworth sleepiness scale (Johns, 1991) were completed based on patient medical 
records. Night polysomnography and MSLT were performed in patients who have 
had not been treated before or who were not taking drugs influencing sleep and 
mood ≥ 2 weeks.

The patients were asked about smoking according to our own structured 
questionnaire during their outpatient examination or in the form of phone 
interview. The questionnaire included the following items: classification into non-
smokers (less than 100 cigarettes in life course), former smokers and current 
smokers (WHO, 2008). Former and present smokers were additionally subjected 
to targeted questions regarding age at the first cigarette, age of regular smoking 
onset, number of cigarettes smoked in one day and attempts to stop smoking.

All categorical data were compared using two sided chi-squared statistics. Since 
polysomnographic parameters are by their nature not normally distributed, we 
used for inter-group comparisons Mann-Whitney U-test, other parameter were 
compared using parametric T-tests. Correlations were calculated as Pearson’s 
correlations coefficients.

All statistical analyses were conducted using STATISTICA (data analysis software 
system), version 12. www.statsoft.com, StatSoft, Inc. (2013).

This study was part of a large study on narcolepsy approved by the Ethical 
Committee of the General University Hospital in Prague and all patients provided 
signed informed consent with this study.
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Results
Regular smokers (one or more cigarettes daily) represented 43.7% patients, while 
19.5% were former regular smokers. Prevalence of smoking present in any period 
of life was thus 63.2% (55 patients). The patients smoked only cigarettes, no other 
tobacco product was recorded. Mean age at initiating smoking was 20.0 (±6.0) 
years and mean number of cigarettes smoked daily was 13.6 (±10.7). Forty (72.2%) 
smokers started smoking prior to their first symptoms of narcolepsy, and mean 
recorded latency of onset of narcolepsy since smoking initiation was 9.1 (±5.8) 
years. Mean age of NC onset in patients who started smoking prior to developing 
NC was 27.8 (±9.0) years, while patients who commenced smoking after 
developing NC or had never smoked developed NC at 20.5 (±10.2) years of age 
(p<0.001).

Table 1 – Clinical data on subjects suffering from NC under study 
expressed as mean (SD)

All Non-smokers Smokers P-value

Number (%)
Age at smoking interview (years)
Age at NC onset (years)
BMI
Epworth sleepiness scale
Number of patients with restless  
legs syndrome (%)
Latency between night  
polysomnography and MSLT  
and smoking interview (years)

87.0 (100)
46.6 (16.3)
23.5 (10.4)
29.2 (5.1)
18.0 (3.6)
15.0 (17.2)

5.4 (5.2)

32.0 (36.8)
42.2 (13.8)
21.8 (12.0)
28.3 (4.5)
17.0 (4.1)
4.0 (12.5)

6.3 (6.9)

55.0 (63.2)
49.1 (17.2)
24.5 (9.2)
29.7 (5.4)
18.5 (3.1)
11.0 (20)

4.9 (3.9)

NA
0.043
NS
NS
NS
NS

NS

Night polysomnography

Sleep efficiency (%)
Sleep N1 duration (%)
Sleep N2 duration (%)
Sleep N3 duration (%)
REM sleep duration (%)
REM sleep latency (min)
PLMI
AHI

82.6 (9.9)
11.9 (9.2)
39.0 (10.8)
15.8 (8.2)
19.5 (7.1)
40.1 (60.9)
17.8 (22.6)
8.8 (16.6)

86.0 (7.8)
9.0 (6.0)

38.6 (9.6)
19.6 (7.0)
21.0 (5.8)
30.3 (63.7)
9.3 (13.8)
3.8 (5.5)

80.7 (10.2)
13.6 (10.3)
32.3 (11.4)
13.6 (8.2)
18.6 (7.6)
45.6 (59.2)
22.5 (25.1)
11.8 (20.0)

0.022
0.034
NS

0.002
NS
NS

0.016
0.041

MSLT

Sleep latency – MSLT (min)
SOREM MSLT (number)

2.9 (2.2)
3.6 (1.2)

2.2 (1.6)
3.6 (1.2)

3.3 (2.4)
3.6 (1.2)

0.031
NS

Non-smokers are defined as individuals who have smoked less than 100 cigarettes in their whole life, and smokers 
are patients smoking at the time of questioning, taken together with those who have already quitted smoking (but 
had smoked more than 100 cigarettes in their life). SD – standard deviation; NA – non applicable; NC – narcolepsy 
with cataplexy; NS – nonsignificant; BMI – body mass index; MSLT – multiple sleep latency test; N1, N2, N3 – non 
rapid eye movement sleep stage 1, 2, 3 respectively; REM – rapid eye movement; PLMI – periodic leg movements 
index (number of periodic leg movements/1 hour); AHI – apnoea/hypopnoea index (number of apnoea/hypopnoea 
episodes/1 hour of sleep); SOREM – sleep onset REM period
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Relevant clinical parameters for the whole patient group and the group of 
smokers (i.e. former smokers and those who smoked at the time of study 
interview of all actively smoking taken together) and non-smokers (i.e. individuals 
who had smoked less than 100 cigarettes in their whole life) including statistical 
comparisons are shown in Table 1.

We found direct correlation between age at NC onset and the latency between 
onset of symptoms of narcolepsy and the age of initiating regular smoking (0.822, 
p<0.001, N=30). Secondly we found negative correlation between age at NC onset 
and the time delay (both positive and negative) from smoking initiation to NC 
onset (–0.7936, p<0.001, N=45) in all NC patients.

Smoking duration correlates rather consistently with the parameters of night 
sleep macrostructure. We found correlation with the number of awakenings 
(0.5217, p=0.001, N=39), duration of NREM 1 sleep (0.3573, p<0.015, N=46), REM 
sleep latency (0.3511, p<0.016, N=47) and also AHI (apnoea/hypopnoea index) 
(0.5059, p=0.001, N=43). Smoking duration was negatively correlated with sleep 
efficiency (–0.5145, p<0.001, N=47), duration of NREM 3 sleep (–0.6142, p<0.001, 
N=46). No correlation was found between smoking duration and subjective or 
objective evaluation of sleepiness during the day.

The number of cigarettes smoked in one day did not correlate with any NC 
parameter of interest.

Discussion
There are 23.5% active regular smokers in the age group of those above 15 years 
in the Czech Republic (Sovinová and Csémy, 2015) while the rate recorded in 
our sample of patients with NC was 43.7%. Occurrence of active regular smoking 
in NC is thus twice as high as in general Czech population. A similar difference 
concerns the rate of former regular smoking, specifically 12.6% of former smokers 
in the whole Czech population against 19.5% of former regular smokers among 
patients with NC. Regarding the number of cigarettes smoked, our patients with 
NC (13.6 cigarettes daily) come close to this number in common population 
where regular smokers smoke around 15 cigarettes daily (Sovinová and Csémy, 
2015). We assume that smoking habits are similar in Slovakia. The proportion of 
smokers in our NC population is about 50% higher than in an Italian study where, 
however, was the same percentage of smokers in the control group as is reported 
for the Czech population, so also the Italian study has shown higher frequency of 
smoking among patients with NC, the authors explain this higher rate with the 
stimulatory action of nicotine (Palaia et al., 2011). Higher proportion of current 
smokers in NC than in controls (37.2% vs. 21.7%) was also reported in recent 
large French study (Barateau et al., 2016).

Our data do not allow any conclusion regarding a possible relationship between 
smoking and the etiopathogenesis of narcolepsy, the differing ages of patients who 
started smoking prior to NC symptom onset and the age of other patients with 
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NC is rather due to the age at NC onset than to its relationship to smoking. The 
relationship between smoking initiation, albeit passive, and the development of 
NC is suggested by the finding that in individuals with HLA DQB1*0602 positivity 
passive smoking was a risk factor of narcolepsy. The authors of this study explain 
why passive smoking was a risk factor, unlike active smoking, with the fact that 
narcolepsy symptoms in many patients begin in their childhood where exposure to 
active smoking is negligible (Ton et al., 2009).

Our results showing worse quality of sleep in patients with NC suggest that 
nicotine worsens the quality of sleep in NC as well, in the same way as in general 
population (Jaehne et al., 2009). The results, however, have to be taken as only 
approximate in this respect as smokers in our sample were older than non-
smokers, and smokers had higher AHI and PLMI (periodic leg movements index). 
Sleep apnoea and periodic limb movements during sleep participate in disturbing 
the quality of night sleep, and this is also the case in NC (Sansa et al., 2010).

In our sample, smoking duration correlated clearly with objective parameters 
of night sleep quality. To some degree, this might be explained with ageing – 
the changes described develop also as a result of ageing as such (Šonka et al., 
1993). This finding might also suggest that smoking has a cumulative rather than 
immediate effect on quality of sleep which has not been described yet and should 
be tested by a more elaborated study.

The fact that the number of cigarettes smoked does not correlate with 
subjective or objective sleepiness, may be rather interpreted as suggesting that our 
patients do not use cigarette smoking as self-indicated drug against EDS but this 
relationship is far to be excluded. Shorter mean sleep latency in MSLT in patients 
– non-smokers may be interpreted only with difficulty as patients undergoing 
MSLT are prohibited to smoke (Arand et al., 2005) and smokers should thus 
rather have shorter latency of falling asleep as is the case in smoking abstinence in 
smokers in the general population (Prosise et al., 1994). More severe sleepiness of 
smokers in MSLT, however, might have been influenced by worse quality night sleep 
related to obstructive apnoeas and periodic limb movements that may accentuate 
sleepiness during the day by itself, though no clear evidence for this exists in NC, 
unlike in general population (Engleman and Douglas, 2004; Hornyak et al., 2006). 
Case reports suggest that nicotine may mask or relieve symptoms of narcolepsy, 
including EDS and even cataplexy (Krahn et al., 2009; Ebben and Krieger, 2012). 
Such an interaction is supported by limited data suggesting that nicotine addiction 
may be mediated by hypocretin pathways (Corrigall, 2009).

Nicotine exhibits antidepressant action (Tizabi et al., 1999), so higher-degree 
smoking might also be related to increased prevalence of several depressive 
symptoms (Vourdas et al., 2002; Fortuyn et al., 2010). Higher rate of smokers 
among narcolepsy patients is not connected to hypocretin deficiency because from 
animal models it seems that hypocretin system’s role is to reduce drug seeking 
behaviours. Hypocretin knockout mice showed reduced signs of withdrawal from 
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nicotine (Plaza-Zabala et al., 2013). All other reasons possibly leading to smoking in 
NC should be tested by more sophisticated research.

Not negligible is certainly also the impact of smoking on the general health of a 
patient with NC. Smoking is a risk factor for many cardiovascular and metabolic 
diseases. Literary data and our unpublished results show that patients with NC 
suffer from higher rates of arterial hypertension, type 2 diabetes and obesity 
(Sonka et al., 2010; Jennum et al., 2013; Ohayon, 2013), which may also be related 
to higher rate of smoking in NC.

Although narcolepsy symptom relief may be viewed as a benefit of nicotine and 
may thus be a barrier to smoking cessation in narcoleptics, the act of smoking is 
itself of concern because of many reasons. First is the risk of falling asleep while 
smoking resulting in injury and damage (Krahn et al., 2009) and second is the 
already mentioned risk factor of many other diseases. Third reason is based on 
the fact that nicotine is a highly addictive substance (Benowitz, 2008), and this 
obviously applies to the narcolepsy population as well.

This study has several limitations that were mostly mentioned in the discussion 
above. The limitation is not only a small number of patients, but also the latency 
between complete clinical examination and interview regarding smoking, limited 
information about smoking and missing personality profiles of the respondents. 
Larger prospective studies of smoking in NC are certainly worth considering. In 
any case, patients with NC should be instructed not to start smoking, and if this 
has already happened, to quit smoking.
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Abstract: Cysteine-cysteine chemokine ligand 5 (CCL5) with immunoregulatory 
and inflammatory activities has an important role in granuloma formations that 
activates and stimulates T-cells and macrophages. Cysteine-cysteine chemokine 
receptor 5 (CCR5) is a chemokine receptor, which is important for migration 
of immune cells to site of infection. In the present study we investigated the 
possible association between CCL5 –403G/A (rs2107538), CCL5 –28C/G 
(rs2280788) and CCR5 Δ32 polymorphisms and pulmonary tuberculosis (PTB) 
in an Iranian population. This case-control study was performed on 160 patients 
with pulmonary tuberculosis and 160 unrelated healthy subjects. The CCL5 
–403G/A, CCL5 –28C/G and CCR5 Δ32 polymorphisms were genotyped by 
allele-specific polymerase chain reaction (AS-PCR), tetra amplification refractory 
mutation system polymerase chain reaction (T-ARMS PCR) and PCR, respectively. 
Our results showed that GA as well as GA+AA genotypes of CCL5 –403G/A 
(rs2107538) increased the risk of PTB in comparison with GG genotype 
(OR=1.70, 95% CI=1.03–2.81, P=0.038 and OR=1.64, 95% CI=1.00–2.68, P=0.049, 
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respectively). No significant association was found between CCL5 –28C/G as well 
as CCR5 Δ32 polymorphism and PTB risk. In conclusion, our findings proposed 
that CCL5 –403G>A polymorphism may be a risk factor for susceptibility to PTB 
in our population. Larger sample sizes with different ethnicities are required to 
validate our findings.

Introduction
Tuberculosis (TB) is one of the most communicable diseases in humans caused by 
various strains of mycobacteria frequently Mycobacterium tuberculosis. According to 
the World Health Organization (WHO) report, most of the estimated number of 
TB cases occurred in Asia (55%) and Africa (30%). TB with 8 million new cases and 
1.5 million deaths worldwide annually remains as a major global health problem 
(Millet et al., 2013). Though one third of human infected with Mycobacterium 
tuberculosis, only 10% of the infected persons develop the clinical disease (Cobat et 
al., 2013). Cumulative evidence designates that in addition to the environment, host 
genetic factors play an important role in susceptibility to TB (Bahari et al., 2012; 
Hashemi et al., 2013a, 2015; Naderi et al., 2014a, b).

It is well known that chemokines are essential regulators of immune system 
in response to Mycobacterium tuberculosis infectious. CCL5 is an 8 kDa protein 
belongs to the CC chemokines family and known as RANTES (Regulated on 
Activation, Normal T-cell Expressed and Secreted). CCL5 is chemotactic for T-cells 
as well as macrophages and mediate the migration and activation of these cells 
into inflammatory sites (Alqumber et al., 2013). It is a main chemokine involved 
in both the acute and chronic phase of inflammation and possibly participate in 
pathogenesis and formation of granuloma during infection with Mycobacterium 
tuberculosis (Méndez-Samperio, 2008). Indeed, this chemokine may have a role in the 
inhibition of intracellular growth of Mycobacterium tuberculosis (Chu et al., 2007). 
The human CCL5 mapped to chromosome 17 (17q11.2-q12) and consist of three 
exons and two introns. This gene is polymorphic and have been suggested that two 
polymorphisms in promoter region (–403G/A and –28C/G) effect the expression 
of CCL5 (Chu et al., 2007).

CCR5 or CD195 is a member of the beta chemokine receptor family. This 
protein is expressed by T-cells, macrophages, immature dendritic cells and 
granulocytes and has an important role in inflammatory response to infection 
(Carpenter et al., 2014). It has been reported that CCR5 is overexpressed in PTB 
(pulmonary tuberculosis) patients in comparison with normal subjects (Mamtani 
et al., 2011). The ligands of this receptor are CCL5 (RANTES), macrophage 
inflammatory protein (MIP-1α and MIP-1β or CCL3 and CCL4) and CCL3L1 
(Han et al., 2012). The CCR5 gene is located on short arm of chromosome 3 
at the chemokine receptor gene cluster region (Mishra et al., 2012). Several 
polymorphisms have been recognized in CCR5 which one of them is CCR5-delta32 
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(CCR5 Δ32). CCR5 Δ32 is a deletion of gene results in a non-functional receptor 
form of the chemokine receptor that is unable to bind CC chemokine ligands such 
as CCL5. Numerous studies have shown the association of CCL5 and CCR5 gene 
polymorphism and the risk of TB in various ethnic populations, but the results were 
controversial (Ben-Selma et al., 2011; Selvaraj et al., 2011; Carpenter et al., 2014). 
Therefore, the present case-control study was designed to investigate the possible 
association between CCL5 –403G/A (rs2107538), CCL5 –28C/G (rs2280788) and 
CCR5 Δ32 polymorphisms and pulmonary tuberculosis in a sample of southeast 
Iranian population.

Material and Methods
Patients
This case-control study was done from June 2012 to September 2013 on patients 
who referred to Bou-Ali Hospital (referral center for TB, Zahedan, Iran). A total of 
320 subjects including 160 confirmed PTB and 160 unrelated healthy subjects with 
no clinical symptoms or history of TB and living in the same area as the patients 
with PTB (Southeast Iran) were enrolled in the study. Informed consent was taken 
from all subjects and the project was approved by Ethics Committee of Zahedan 
University of Medical Sciences. TB was diagnosed by clinical symptoms, posterior-
anterior chest radiography, presence of acid-fast-bacilli (AFB) on a sputum smear, 
culturing Mycobacterium tuberculosis organisms from a specimen taken from the 
patient and response to antituberculosis chemotherapy as described in our 
previous study (Kouhpayeh et al., 2012). DNA was extracted from whole blood 
samples using salting out method as described previously (Hashemi et al., 2013b).

Genotyping
CCL5 –403G/A (rs2107538) as well as CCR5 Δ32 polymorphisms 
were genotyped using allele specific PCR (AS-PCR) and PCR method 
as described previously (Eskandari-Nasab et al., 2014). Briefly, primers 
for the CCL5 –403G/A (rs2107538) polymorphism were as follows: 
reverse (command): TTCTTGGGGACAACAAGGAG, forward (A allele): 
GGATGAGGGAAAGGCGA and forward (G allele): GGATGAGGGAAAGGCGG. 
The forward and reverse primers for detection of 32 bp ins/del 
polymorphism were 5’-TCAAAAAGAAGGTCTTCATTACACC-3’ and 
5’-AGCCCAGAAGAGAAAATAAACAATC-3’, respectively.

For detection of CCL5 –28C/G (rs2280788) variant we designed 
a tetra amplification refractory mutation system polymerase chain 
reaction (T-ARMS PCR). We used two external primers (forward 
outer: 5’-AGGAGCGCAGAGGGCAGTAGCAATGA-3’, reverse outer: 
5’-TGAGGAGGACCCCTTCCCTGGAAGGT-3’) and two internal primers 
(forward inner [C allele]: 5’-GGAATGAAAAATTAGAACAACAGAACCA-3’ 
reverse inner [G allele]: 5’-TTTGCTAAAGAAATAGAAGTGGCTTACAAC-3’).  
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PCR was performed in 25 µl reaction volumes containing 0.4 µM of each primer, 
250 µM of each dNTP, 1 U Taq DNA polymerase with 2 mM MgCl2, and 50 ng 
genomic DNA. The PCR cycling conditions was as follows: an initial denaturation 
step of 5 min at 95 °C followed by 30 cycles of 30 s at 95 °C, annealing at 54 °C 
for 30 s and extension at 72 °C for 30 s. Final extension was performed at 72 °C 
for 5 min. The PCR products were separated by electrophoresis in 2% agarose 
gels, and observed under ultraviolet light. Product sizes were 272 bp for C allele 
and 181 bp for G allele, whereas the product size of the two outer primers was 
400 bp.

Statistical analysis
Statistical analysis was performed by SPSS software V18.0. In order to investigate 
potential association of the selected polymorphism with tuberculosis, the allele 
and genotype frequencies in patients and healthy controls were compared using 
Pearson’s chi-squared test. Logistic regression analysis was applied to estimate odds 
ratio (OR) and 95% confidence intervals (CI) of genetic risk in PTB. P-values less 
than 0.05 were considered statistically significant.

Results
The study groups consist of 160 PTB patients (77 males and 83 females) and 
160 control subjects (59 males and 101 females). Mean age of PTB patients and 
control groups were 48.78 ± 20.374 and 47.68 ± 15.86, respectively. No significant 
difference was seen between two groups regarding age and sex (P=0.592 and 0.054, 
respectively).

The genotype and allele frequency of CCL5 –403G/A polymorphism is shown 
in Table 1. The results indicated that GA as well as GA+AA genotype increased 
the risk of PTB in comparison with GG genotype (OR=1.70, 95% CI=1.03–2.81, 
P=0.038 and OR=1.64, 95% CI=1.00–2.68, P=0.049, respectively). The allele 
frequency of CCL5 –403G/A polymorphism was not significantly different between 
the groups (P=0.08).

The genotype frequency of CCL5 –28C/G polymorphism showed that all PTB 
patients and healthy controls had GG genotype which indicates that this variant is 
not polymorphic in our population.

The analysis of the PTB patients and healthy controls revealed no statistically 
significant difference between the groups regarding 32 bp insertion/deletion 
polymorphism of the CCR5 gene. In each groups 154 persons has Ins/Ins genotypes 
and 6 has Ins/Del (Table 2). Our finding demonstrated that the 32 bp deletion 
polymorphism of CCR5 is not a risk factor for PTB.

Discussion
Tuberculosis after HIV is the second leading cause of death worldwide and killing 
about 2 million people annually (Millet et al., 2013). Besides of environment factor 
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Table 1 – The genotypes and allele distribution of CCL5 –403G>A 
polymorphisms in pulmonary tuberculosis (PTB) patients and control 
groups

Polymorphism
CCL5 –403G>A

Patients
n (%)

Normal
n (%)

OR (95% CI) P

Codominant

GG
GA
AA

104 (65)
54 (33.8)
2 (1.2)

121 (75.6)
36 (22.5)
3 (1.9)

1.00
1.70 (1.03–2.81)
0.82 (0.13–5.05)

0.038
0.827

Dominant

GG
GA+AA

104 (65)
56 (35)

121 (75.6)
39 (24.4)

1.00
1.64 (1.00–2.68) 0.049

Recessive

GG+GA
AA

158 (98.8)
2 (1.2)

157 (98.1)
3 (1.9)

1.00
1.43 (1.04–2.58)

0.369

Alleles

G
A

262 (81.9)
58 (18.1)

278 (86.9)
42 (13.1)

OR – odds ratio (adjusted for sex and age); CI – confidence interval

Table 2 – The genotypes and allele distribution of CCR5 Δ32 
polymorphisms in pulmonary tuberculosis (PTB) patients and control 
groups

Polymorphism
CCR5 Δ32

Patients
n (%)

Normal
n (%)

OR (95% CI) P

Codominant

WW
WD
DD

154 (96.25)
6 (3.7)
0 (0)

154 (96.25)
6 (3.7)
0 (0)

1.00
1.05 (0.33–3.40)

–
0.92

Alleles

W
D

308 (96.25)
12 (3.7)

308 (96.25)
12 (3.7)

OR – odds ratio (adjusted for sex and age); CI – confidence interval

and virulence of pathogen, the differences in host immune genes polymorphisms 
has been proposed to play a key role in determining TB susceptibility (Möller 
and Hoal, 2010). In the present study, we investigated the possible association 
between CCL5 –403G/A (rs2107538), CCL5 –28C/G (rs2280788) and CCR5 Δ32 
gene polymorphisms and susceptibility to PTB in a sample of Iranian population. 
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To the best of our knowledge this is the first genetic association study regarding 
the relationship between polymorphism in CCL5 and CCR5 genes and PTB in 
a sample of Iranian population. Our results showed that GA (in the codominant 
model) as well as GA+AA (in the dominant model) genotypes of CCL5 rs2107538 
were associated with increased risk of PTB. The findings of this study indicated 
no significant association between CCL5 rs2280788 variant as well as CCR5 
Δ32 polymorphism and PTB risk. In contrast to our finding Mhmoud et al. (2013) 
showed significant differences in allele distribution of CCL5 –28C/G (rs2280788) 
in TB patients compared with healthy controls. They found that G allele was more 
frequently in the patient population. However, they didn’t detect any association 
between CCL5 rs2107538 –403G/A polymorphism and TB. The CCL5 –28G 
probably increased promoter activity and CCL5 expression. In agreements to our 
study, Mishra et al. (2012) showed that the frequency of AA genotype and A allele 
in CCL5 –403G/A polymorphism were significantly higher in cases than controls, 
thus they supposed that this polymorphism may be associated with susceptibility 
to TB. Also they found that CCL5 –28G/A was not associated with resistance or 
susceptibility to TB. Chu et al. (2007) showed that the distribution of CCL5 
–28C/G and –403G/A polymorphisms was not associated with TB susceptibility 
in Hong Kong Chinese population. Selvaraj et al. (2011) revealed that allele and 
genotype frequencies of CCL5 –403G/A and –28C/G polymorphisms were not 
different between PTB patients and healthy individuals. Whereas, Ben-Selma et 
al. (2011) findings indicated an association of the CCL5 –28C/G and –403G/A 
polymorphisms with susceptibility to TB infection in Tunisian populations. 
They found that –28G/C polymorphism was significantly associated with PTB 
susceptibility. They reported that –28CC genotype decreased PTB risk while 
–403A allele increased the risk of PTB development. Sánchez-Castañón et al. 
(2009) identified that the frequency of the CCL5 –403G/A and –28C/G promoter 
polymorphisms were significantly different between PTB patients and control 
subjects. They observed that –403G/G and –28C/C genotypes as well as –403G 
allele and –28C allele were significantly more frequent in control subjects. 
Carpenter et al. (2014) didn’t find any association between CCR5 polymorphism 
and susceptibility to clinically active TB. Mishra et al. (2012) have found no 
significant association between CCR5 polymorphism with either resistance or 
susceptibility to TB in Sahariya tribe of north central India population. Mamtani et 
al. (2011) have found an association between CCR5 gene polymorphisms and risk 
of TB.

During infection by Mycobacterium tuberculosis some chemokines including 
MCP-1 and CCL5 recruiting T-cells and macrophages to sites of TB infection 
and have important role in the formation of granuloma which enclose and 
control distribution of TB (Selvaraj et al., 2011). CCL5 concentration increase 
in PTB patients and decreased during period of recovery which indicate that 
play a key role in the immune response against TB infection. CCL5 function at a 
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precise concentration and production of CCL5 over or under this concentration 
accompanied with dysfunction of this chemokine (Chu et al., 2007). It is plausible 
that –403G/A and –28C/G polymorphisms affect the expression of CCL5 and 
might be associated with development of TB. Also polymorphisms in CCR5 cause 
alteration in binding of this receptor to its ligands such as CCL5 (Mamtani et al., 
2011).

In summary, our study showed that CCL5 –403G/A (rs2107538) polymorphism 
might be a candidate gene, which determines the susceptibility to PTB in our 
population. Whereas CCL5 –28C/G (rs2280788) and CCR5 Δ32 polymorphisms 
may not be major genetic factors for susceptibility to PTB. Further investigations 
with different ethnicities and larger sample sizes are needed to validate our 
findings.

Acknowledgements: The authors thank to the patients and healthy subjects who willingly 
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Abstract: Studies on the time course of ACTH- or insulin-induced hypoglycemia 
stimulating adrenal androgens are usually limited to dehydroepiandrosterone and/or 
its sulphate. Our data on dehydroepiandrosterone (DHEA) and its hydroxylated 
metabolites clearly show that measurements of DHEA and its sulphate (DHEAS) 
are valuable markers of the integrity of the HPA (hypothalamus-pituitary-adrenal) 
axis. Assessments of HPA function should rely on measurements of baseline 
and/or stimulated serum cortisol concentrations, and C19 Δ

5-steroids may provide 
additional information. The art of stimulation of 7- and 16-hydroxylated metabolites 
of DHEA can help our understanding of the formation sequence of these 
compounds.
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Introduction
The adrenal gland is a key provider of androgens in women (Short, 1960). The 
adrenal androgens dehydroepiandrosterone (DHEA), dehydroepiandrosterone 
sulfate (DHEAS), androstenedione, 5-andostenediol and 11β-hydroxy-
androstenedione exert only little androgenic activity; however, they provide  
a pool of circulating precursors for more active androgens or steroids, with  
a wide spectrum of important physiological effects. The role of DHEA and DHEAS 
as neurosteroids has been intensively studied (Baulieu and Robel, 1998; Morfin 
and Stárka, 2001; Labrie, 2010; Li and Bigelow, 2010; Hill et al., 2015; Stárka et 
al., 2015). Its 7-hydroxylated metabolites modulate our immunity (Pélissier et al., 
2004, 2006; Stickney et al., 2011) and take part in the control of local cortisol 
levels through competition in the 11β-hydroxysteroid dehydrogenase system 
(Hennebert et al., 2007; Sedláčková et al., 2012). The 16-hydroxylated derivatives 
may play some role in hormonal homeostasis (Hampl and Stárka, 2000). In spite 
of the importance of C19 Δ

5-steroids, their responsiveness to corticotrophin or 
insulin-induced hypoglycemia has not been well studied (Rege et al., 2013). In the 
present study, we quantified ten C19 Δ

5-steroids plasma samples from women 
before and after ACTH stimulation, and compared the results with stimulation of 
the hypothalamus-pituitary-adrenal (HPA) system by insulin-induced hypoglycemia. 
Dynamic testing of adrenal function is a standard procedure for the diagnosis of 
adrenal insufficiency, and we tried to find differences in the ACTH stimulation test 
in terms of C19 Δ

5-steroids between healthy women and patients with adrenal 
insufficiency.

Material and Methods
Our study involved six premenopausal females (with mean/median 43.4/42 age 
(SD ±6.2) years, and mean/median 25.4/24.6 BMI (body mass index) (SD ±3.9) 
kg/m2) with primary adrenal insufficiency verified by clinical symptoms and 
biochemical markers. The control group consisted of seven healthy BMI and age 
matched women. The women used no medications and had no history of using 
corticosteroids. All signed informed consent before initiating the study. The study 
was approved by the Ethical Commission of the Institute of Endocrinology.

All patients underwent the 250 µg “high dose” ACTH test. The control group was 
given two tests: the 250 µg “high dose” ACTH test and the insulin tolerance test 
(ITT). The minimum time between tests was one week. All tests were performed 
after an overnight fast, and started in the morning between 7 and 9 a.m. Synacthen 
and insulin were administered through a cannula inserted into the cubital vein, 
15 minutes after insertion of the cannula.

Dynamic testing
Details on the dynamic testing have been presented elsewhere (Šimůnková et al., 
2015; Dušková et al., 2016). The tests are described in brief as follows:
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High dose ACTH stimulation (HDST): The contents of 1 ampule 250 µg/1 ml 
Synacthen (tetracosactide 250 µg, Novartis Pharma GmbH, Nuernberg, Germany) 
was given intravenously after first blood sample drawn (time = 0), and then at 30, 
60, and 90 minutes.

Insulin-induced hypoglycemia stimulation – ITT: 0.1 IU per 1 kg Actrapid insulin 
was given intravenously. During the test, blood glucose was regularly checked 
with a glucometer (Accu-Chek Perform), and blood pressure and pulse rate were 
measured every five minutes during the first hour and every ten minutes thereafter. 
There was a decrease in blood glucose below 2.2 mmol/l in all of the tests, and all 
controls had a spontaneous blood glucose response during the first hour followed 
by normalization. Blood samples were taken prior to the administration of insulin 
at time = 0, and then after 20, 30, 40, 60, 90, and 120 minutes. The ITT was only 
carried out in the control group since it is unpleasant and may introduce risks in 
patients with adrenal insufficiency.

Analytical measurements 
Steroid hormones measured by the GC/MS method
The levels of C19 Δ

5-steroids and of additional 27 unconjugated steroids and their 
polar conjugates were measured in cubital vein blood using our original GC/MS 
method (Hill et al., 2010). In brief, free steroids were extracted from plasma by 
diethyl-ether; steroid conjugates were then hydrolyzed and extracted. The resulting 
residues were derivatized by methoxyamine hydrochloride and analysed by GC/MS 
as described below.

Steroids were purchased from Steraloids (Newport, RI, USA), Sylon B from 
Supelco (Bellefonte, PA, USA), methoxylamine hydrochloride from Sigma (St. Louis, 
MO, USA) and solvents from Merck (Darmstadt, Germany).

Instruments
Measurements of steroid levels were performed on a GCMS-QP2010 Plus 
system by Shimadzu (Kyoto, Japan) consisting of a gas chromatograph equipped 
with automatic flow control, an AOC-20s autosampler, and a single quadrupole 
detector with an adjustable electron voltage of 10–195 V. A capillary column with a 
medium polarity RESTEK Rxi phase (diameter 0.25 mm, length 15 m, film thickness 
0.1 µm) was used for analyses. Electron impact ionization with electron voltage 
fixed at 70 V and emission current set to 160 µA was used. The temperatures of 
the injection port, ion source and interface were maintained at 220 °C, 300 °C, 
and 310 °C, respectively. Analyses were carried out in the splitless mode with a 
constant linear velocity of the carrier gas (He), which was maintained at 60 cm/s. 
The septum purge flow was set at 3 ml/min. The samples were injected using the 
high pressure mode (200 kPa), which was maintained for 1 min. The detector 
voltage was set to 1.4 kV.
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Statistical analysis
Data were transformed by Box-Cox transformation before further processing 
due to non-Gaussian distribution and non-constant variance (heteroscedasticity) 
in all variables. Repeated-measures analysis of variance (ANOVA) was used for 
monitoring levels of steroids during the tests. The ANOVA model was followed 
by least significant difference (LSD) multiple comparisons. The statistical software 
Statgraphics Centurion, version XVI from Statpoint Inc. (Warrenton, VA, USA) was 
used for data transformations and ANOVA analyses.

Results
Basal plasma levels of C19 Δ

5-steroids and their levels at 60 min after ACTH 
stimulation are given in Table 1, and for insulin-induced hypoglycemia in Table 2.  
The trends of the steroid levels after the stimulation of adrenal secretion by ACTH 
and by insulin-induced hypoglycemia are shown in Figures 1–5.

Table 1 – Baselines and values at 60th min of ACTH test for patients  
and controls

Steroid

ACTH test

Controls change 
fold

Patients change 
fold0 min 60th min 0 min 60th min

dehydroepiandro- 
sterone

5.46 
(4.22, 6.97)

19.2 
(16.5, 22.4)

3.52*
4.81 

(3.58, 6.37)
7.42 

(5.91, 9.24)
1.54

conjugated DHEA
986 

(893, 1080)
1020 

(927, 1120)
1.30

441 
(356, 537)

330 
(271, 397)

0.75

7α-hydroxy-DHEA
0.53 

(0.42, 0.66)
0.94 

(0.75, 1.18)
1.78*

0.29 
(0.20, 0.42)

0.40 
(0.27, 0.57)

1.38

7β-hydroxy-DHEA
0.29 

(0.24, 0.35)
0.31 

(0.26, 0.38)
1.10

0.21 
(0.15, 0.30)

0.18 
(0.12, 0.25)

0.64

16α-hydroxy- 
DHEA

0.02 
(0.02, 0.04)

0.03 
(0.02, 0.04)

1.21
0.07 

(0.04, 0.12)
0.04 

(0.03, 0.07)
0.65

conjugated 16α- 
hydroxy-DHEA

2.95 
(2.15, 3.88)

3.01 
(2.2, 3.9)

1.10
0.57 

(0.07, 1.35)
1.71 

(0.95, 2.69)
3.70

5-androsten-3β, 
17β-diol

0.62 
(0.46, 0.89)

1.00 
(0.77, 1.33)

1.60*
0.34 

(0.24, 0.51)
0.25 

(0.19, 0.32)
0.72

conjugated  
androstenediol

235 
(214, 258)

219 
(198, 241)

0.93
101 

(81, 124)
69.70 

(56.1, 85)
0.69

5-androstene-3β, 
7α,17β-triol

0.11 (0.087, 
0.133)

0.17 
(0.13, 0.21)

1.55*
0.04 

(0.03, 0.06)
0.05 

(0.03, 0.06)
1.11

5-androstene-3β, 
7β,17β-triol

0.08 (0.067, 
0.105)

0.12 
(0.09, 0.15)

1.40
0.06 

(0.04, 0.08)
0.04 (0.031, 

0.061)
0.72

Median and quartiles are given; *significance at p<0.05
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Table 2 – Baselines and values at 60th min of ITT test for controls

Steroid

ITT test

Controls change 
fold0 min 60th min

dehydroepiandrosterone
conjugated DHEA
7α-hydroxy-DHEA
7β-hydroxy-DHEA
16α-hydroxy-DHEA
conjugated 16α-hydroxy-DHEA
5-androsten-3β,17β-diol
conjugated 5-androstenediol
5-androsten-3β,7α,17β-triol
5-androsten-3β,7β,17β-triol

6.69 (5.34, 8.41)
1070 (899, 1260)
0.43 (0.39, 0.48)

0.27 (0.226, 0.321)
0.03 (0.013, 0.065)
2.12 (1.67, 2.63)
0.68 (0.57, 0.82)
245 (236, 318)

0.16 (0.088, 0.380)
0.06 (0.041, 0.101)

15.80 (12.6, 20)
1090 (921, 1300)

0.63 (0.557, 0.715)
0.33 (0.28, 0.39)

0.02 (0.013, 0.039)
2.10 (1.66, 2.62)
0.85 (0.747, 0.97)

269 (230, 312)
0.08 (0.060, 0.117)
0.07 (0.055, 0.098)

2.36*
1.20
1.46*
1.22
0.79
0.99
1.25*
1.12
0.52
1.16

Median and quartiles are given; *significance at p<0.05

Figure 1 – Plasma dehydroepiandrosterone (DHEA) and conjugated DHEA in high dose ACTH stimulation test 
(HDST) for adrenal insufficient women and HDST and insulin-induced hypoglycemia stimulation test (ITT)  
for controls.
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Figure 2 – Plasma 5-androstene-3β,17β-diol (androstenediol) and conjugated androstenediol in high dose ACTH 
stimulation test (HDST) for adrenal insufficient women and HDST and insulin-induced hypoglycemia stimulation 
test (ITT) for controls.

Figure 3 – Plasma 5-androstene-3β,7α,17β-triol and 5-andostene-3β,7β,17β-triol in high dose ACTH stimulation 
test (HDST) for adrenal insufficient women and HDST and insulin-induced hypoglycemia stimulation test (ITT) 
for controls.
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Figure 4 – Plasma 7α-hydroxy- and 7β-hydroxy-dehydroepiandrosterone in high dose ACTH stimulation test 
(HDST) for adrenal insufficient women and HDST and insulin-induced hypoglycemia stimulation test (ITT)  
for controls.

Figure 5 – Plasma 16α-hydroxy-DHEA and conjugated 16α-hydroxy-DHEA in high dose ACTH stimulation test 
(HDST) for adrenal insufficient women and HDST and insulin-induced hypoglycemia stimulation test (ITT)  
for controls.
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1) For all steroids, both free and conjugated, levels during the ACTH tests in 
patients did not show significant increases, in contrast to the levels in healthy 
controls.

2) Except for free DHEA and 7β-hydroxylated derivatives of DHEA, even the 
starting levels of the steroids significantly differed between the patients with 
adrenal insufficiency and healthy controls.

3) In contrast to free steroids, changes of the levels of their conjugates during the 
ACTH test were insignificant.

4) During the ITT, the increase of steroid conjugates was also either insignificant, 
or in some rare cases, as for conjugated 16α-hydroxy-DHEA, the increase was 
delayed.

5) All free steroids (with the exception of 16α-hydroxy-DHEA) increased after 
both stimuli; however, the increase during the ITT had a latent time of about 
20–40 min.

6) The differences between the baseline and peak concentration at 60 min of 
C19 Δ

5-steroids in healthy controls was higher during the ACTH test than during 
the ITT.

Discussion
Dynamic testing of adrenal function is a standard procedure for the diagnosis of 
proper adrenal function. Testing with various doses of ACTH-24 or with insulin-
induced hypoglycemia (insulin tolerance test – ITT) is commonly used, and the 
concentration of circulating cortisol, either in plasma or in saliva, generally serves 
as the marker measured. In establishing the diagnosis of adrenal insufficiency, 
several authors have recommended measurements of baseline serum cortisol and 
DHEAS levels (Abdu et al., 1999; Al-Aridi et al., 2011). Our results indicated that it 
may be useful to additionally follow the stimulation of C19 Δ

5-steroids during the 
course of stimulation by either ACTH or ITT. Increases of DHEA or DHEAS after 
stimulation are observed in plasma but not in saliva (Dušková et al., 2016), due to 
the insufficient ultrafiltration of these compounds to saliva.

Our present data also show that the levels of C19 Δ
5-steroids are reliable 

markers of adrenal insufficiency. Even the basal levels of conjugated DHEA, free 
or conjugated 5-androstenediol, free 7α-hydroxy- and 16α-hydroxymetabolites of 
DHEA differed significantly between healthy subjects and patients with impaired 
adrenal function. In contrast to healthy individuals, there was no increase of C19  
Δ5-steroids during the ACTH test in the group of patients with adrenal insufficiency.

The lack of an increase of conjugated C19 Δ
5-steroids both during the 

ACTH and ITT tests before 60 min is in agreement with other findings of the 
postponed increase of conjugated DHEA (Sayyed Kassem et al., 2012), and with 
the observation that there is a stimulation of DHEA but no response in DHEAS 
production by ACTH in normal adrenocortical cell suspensions (Fehér et al., 1985). 
This is compatible with the differences in the half-times of DHEA (2–3 h) and 
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DHEAS (20 h) (Kroboth et al., 1999) and with the concept that the biosynthesis 
of DHEA is under the control of ACTH, while other factors may contribute to the 
regulation of the sulphate pathway of DHEA secretion under normal conditions.

The effective and rapid stimulation of adrenal C19 Δ
5-steroids by ACTH 

is an argument against the hypothesis of the presence of a special unknown 
hypothalamic or pituitary adrenal androgen-stimulating hormone (Parker and Odell, 
1979; Odell and Parker, 1984–1985), a hypothesis that until now has neither been 
confirmed nor refuted.

Whereas changes of DHEA or DHEAS levels in the course of dynamic testing 
have been reported in many studies (Griffing et al., 1985; Abdu et al., 1999; Al-Aridi 
et al., 2011; Sayyed Kassem et al., 2012), the response of hydroxylated derivatives 
of DHEA had not yet been studied. 7α-hydroxymetabolites are rapidly stimulated 
by both ACTH and ITT in coordination with DHEA levels, while an increase of 
7β-hydroxymetabolites is either delayed or absent. This is in agreement the concept 
that 7α-hydroxylation is the primary reaction and that 7β-epimers are a later 
product of either direct isomerization or conversion through a 7-oxo-derivative.

A quite exceptional reaction to stimulation was observed for 16α-hydroxy-
DHEA. We found that the levels of free 16α-hydroxy-DHEA did not change 
significantly during either the ACTH or ITT tests; however, conjugated 
16α-hydroxy-DHEA increased during the ACTH test in the group of adrenal 
insufficient women as well as in controls during the ITT.

In conclusion, our data clearly show that DHEA and DHEAS measurements are 
valuable markers of the integrity of the HPA axis. Assessments of HPA function 
should rely on the measurement of baseline and/or ACTH-stimulated serum 
cortisol concentrations, and C19 Δ

5-steroids may provide additional information. 
The art of stimulation of hydroxylated metabolites of DHEA can help improve our 
understanding of the sequence of the formation of these compounds.
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Abstract: Intestinal anastomosis healing is a complex physiological process in 
which many local and systemic factors play a role. One of the significant cytokines 
in this process is TNF-α. Infliximab is a chimeric monoclonal antibody which 
binds to TNF-α with high affinity. Although this agent is used in ulcerative colitis 
and Crohn’s disease, intestinal surgery may be required in these patients. In this 
study it was aimed to determine whether or not there was any negative effect of 
preoperative single dose infliximab treatment on intestinal anastomosis healing. 
Two groups of 10 rats were formed. One of these groups was administered with 
a single dose of infliximab 8 mg/kg as a 20-minute intravenous infusion from the 
femoral vein. Four days after the infusion, a full layer incision was made to the 
colon and anastomosis was applied to all the rats. At 7 days after anastomosis, 
the subjects were sacrificed. The anastomosis segment was removed and the 
bursting pressure was measured. Tissue samples were taken from this segment 
for hydroxyproline concentration and histopathological examination. A blood 
sample was taken to measure TNF-α values. No statistically significant difference 
was determined between the groups in terms of bursting pressure, tissue 
hydroxyproline concentration or histopathological scoring. A single dose of 8 mg/kg 
infliximab administered 4 days preoperatively was not found to have any negative 
effect on intestinal anastomosis healing in rats.
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Introduction
Many local and systemic factors play a role in intestinal anastomosis healing. 
Important factors in the extracellular matrix are immune cells which regulate 
collagen fibres, fibroblasts and wound resistance in the early postoperative healing 
process. In the normal inflammatory response, monocytes become macrophages by 
migrating into the wound. The first mediator expressed by macrophages is TNF-α. 
TNF-α is a cytokine of polypeptide structure expressed by activated macrophages 
and monocytes stimulated by endotoxins, immune complexes, toxins and other 
inflammation mediators (Mathews, 1981; Comert et al., 2000; Isik et al., 2015a). 
By increasing collagenase production, collagen synthesis is inhibited. Fibroblast 
proliferation, IL-6 and PG E2 production increases (Dayer et al., 1985; Regan et al., 
1993). TNF-α is one of the important chemical inflammatory mediators in wound 
healing (Bettinger et al., 1994).

Infliximab is a chimeric monoclonal antibody in the IgG1 subtype which binds 
with high affinity to both soluble and transmembranous forms of TNF-α (Suzuki 
et al., 2001). In vivo, infliximab forms stable complexes with human TNF-α and this 
process is in parallel with bioactivity loss in TNF-α (Suzuki et al., 2001; Nanda et al., 
2013). Infliximab is used in the treatment of patients with inflammatory intestinal 
diseases such as Crohn’s disease and ulcerative colitis. However, as it is insufficient 
in the treatment of the majority of these patients, surgery is still required. While 
some studies have reported an increase in the risk of anastomosis leakage and 
other postoperative complications in patients treated with preoperative infliximab 
(Selvasekar et al., 2007; Mor et al., 2008), others have found no difference 
(Colombel et al., 2004; Marchal et al., 2004; Kasparek et al., 2012). The differences 
between the results of these studies may be due to differences in study groups and 
study plans.

In this study, it was aimed to determine whether or not there was any harmful 
effect of preoperative single dose infliximab treatment on intestinal anastomosis 
healing in rats.

Material and Methods
Approval for the study was granted by the Animal Ethics Committee of Ondokuz 
Mayis University Faculty of Medicine. The study was conducted at the same 
university in the Surgical Sciences Research Laboratory. A total of 20 adult male 
Wistar albino rats were used, each weighing mean 224 g (range 191–310 g). 
Throughout the study, the rats were housed under standard conditions (room 
temperature of 20–24 °C with 50–60% humidity) and were fed standard food 
and water. All the rats were fasted for 12 hours before the surgical intervention. 
Ketamine-HCl at a dose of 30–50 mg/kg administered intraperitoneally was used  
as anaesthesia and the surgery was performed under sterile conditions.

The rats were separated into 2 groups of 10, with only 1 group given a single 
dose of infliximab of 8 mg/kg administered from the femoral vein as a 20-minute 
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intravenous infusion (Remicade 100 mg, Shering-Plough (Brinny) Co. Innishannon, 
County Cork, Republic of Ireland). Prior to the infliximab administration, 
approximately 1 cc blood was taken from the tail vein of all the rats for TNF-α 
value assay. In all the rats a full layer incision was made to the colon and 
anastomosis was applied. This procedure was applied 4 days after the administration 
of infliximab. At 7 days after anastomosis, the subjects were sacrificed. The 
anastomosis segment was removed and the bursting pressure was measured. Tissue 
samples were taken from this segment for hydroxyproline concentration and 
histopathological examination. A blood sample was taken to measure TNF-α values.

The groups were formed as:
Group 1: a full layer incision was made to the descending colon and anastomosis 

was applied (n=10).
Group 2: 4 days after the administration of 8 mg/kg infliximab as a 20-minute 

intravenous infusion, a full layer incision was made to the descending colon and 
anastomosis was applied (n=10).

At 7 days after anastomosis, all the rats were sacrificed.

Descending colon anastomosis
Following ketamine-HCl anaesthesia, the abdomen was entered with a midline 
incision. With sharp dissection in the segment 3 cm proximal of the peritoneal 
reflection, a full layer incision was made. Anastomosis was made one by one using 
5/0 prolene suture material. Four days prior to the surgical intervention, the rats 
in Group 2 were administered 8 mg/kg infliximab from the femoral vein as a 
20-minute intravenous infusion. The parameters related to blood biochemistry and 
anastomosis healing were examined 7 days after anastomosis in both groups.

Bursting pressure measurement
A colon segment 4 cm in length, was resected leaving the anastomosis line in 
the centre. In the bursting pressure measurement, a volumetric infusion pump, 
a mercury manometer and saline stained with methylene blue were used. One 
end of the intestine was connected to the plastic tube coming from the mercury 
manometer 1.5 cm from the proximal of the anastomosis and the other end to the 
plastic tube coming from the volumetric infusion pump. The colon segment attached 
between the plastic tubes was filled with saline. The intestinal lumen was filled with 
blue-stained saline at 2.5 ml/min with the volumetric infusion pump. The rise of the 
mercury manometer was monitored. The pressure at the moment of bursting was 
accepted with the methylene blue staining of each sample.

After measuring the bursting pressure, the colon segments were washed with 
saline and the lumen were opened longitudinally. For standardisation of the 
measurement of hydroxyproline, samples were taken as 2.2 ± 0.5 mg and frozen at 
–70 °C. Samples were also taken from the anastomosis line for histopathological 
examination.
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Hydroxyproline concentration measurement
The hydroxyproline content (as an indicator of the amount of collagen) was 
measured in the intestine sample which included the anastomosis line and had 
been stored at –70 °C using the method described by Jamall et al. (1981). The 
results were stated as mg hydroxyproline/mg tissue.

Histopathological examination
The segment containing the whole anastomosis line was fixed in 10% formaldehyde 
then embedded in paraffin. Slices 5 microns in thickness were taken and stained 
with haematoxylin-eosin and Masson’s Trichrome to determine early collagen 
content and the wound healing score was determined according to the Greenhalgh 
method (Greenhalgh et al., 1990). In each anastomosis section, the inflammatory 
cells, neutrophil infiltration, neovascularisation, fibroblastic activity and amount of 
collagen band were determined. Wound healing was evaluated by a pathologist 
according to the presence of these cells and scoring was made of values from 
1 to 5. When there were no inflammatory cells, fibroblastic activity was evident, 
new collagen had formed and neovascularisation was complete, healing was 
accepted as very good and the reverse situation was evaluated as very poor. For 
statistical comparison wound healing scores were accepted as: 1 = very poor, 
2 = poor, 3 = fair, 4 = good, 5 = very good.

Statistical analysis
The data obtained from measurements of hydroxyproline, TNF-α and bursting 
pressure were evaluated for conformity to normal distribution with the 
Kolmogorov-Smirnov and Shapiro-Wilk tests. As all data showed normal 
distribution, the Variance Analysis Post-Hoc Tukey HSD test was used in the 
comparisons between the groups. The anastomosis healing scores were evaluated 
with the Kruskal-Wallis test as they were not continuous data and did not conform 
to normal distribution. Data were stated as mean ± standard deviation (SD) for 
continuous variables and as median (minimum–maximum) for non-continuous 
variables. A p-value of <0.0125 was accepted as statistically significant.

Results
TNF-α was not determined in the blood samples taken at the beginning of the 
study.

No statistically significant difference was determined between the groups in the 
bursting pressure and hydroxyproline values. A statistically significant difference was 
determined between the groups in the mean TNF-α concentration on the 7th day 
of anastomosis healing (p<0.001) (Table 1).

In the histopathological examination of the slices stained with haematoxylin-
eosin, in Group 1 (not administered infliximab), there was an appearance of 
widespread mononuclear cell infiltration, evident fibroblastic activity, increased 



Karaköse O.; Eken H.; Ulusoy A. N.; Topgül H. K.; Bilgin M.; Yürüker S. S.; Gülbahar M. Y.

112) Prague Medical Report / Vol. 117 (2016) No. 2–3, p. 108–116

Table 1 – The mean values of the parameters examined and the p-values 
obtained in the comparisons between the groups

Bursting 
pressure 
(cm Hg)

Tissue hydroxyproline 
concentration 
(mg/mg tissue)

TNF-α 
concentration 

(pg/ml)

Histopathological 
scoring 

(min–max)

Group 1
Group 2
P-value

10.50 ± 1.58
12.20 ± 2.44

0.081

0.53 ± 0.06
0.60 ± 0.09

0.032

11.98 ± 1.31
5.90 ± 2.64
<0.001*

3 (3–4)
3 (2–4)
0.418

*p<0.0125

Figure 1 – Histopathology 
image of Group 1 (not 
administered infliximab). 
Widespread mononuclear cell 
infiltration, evident fibroblastic 
activity and significant new 
collagen synthesis. The arrows 
indicate mononuclear cells.

Figure 2 – Histopathology 
image of Group 2 
(administered infliximab). 
Widespread mononuclear 
cell infiltration, new vascular 
formation, evident fibroblastic 
activity and collagen synthesis 
with finer fibres compared to 
Group 1.
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neovascularisation and evident new collagen synthesis (Figure 1). In Group 2 
(administered with infliximab), mononuclear cell infiltration was more widespread 
than in Group 1, there was new vascular formation, evident fibroblast activity and 
collagen synthesis was determined with an appearance of thinner fibres compared 
to Group 1 (Figure 2). However, there was no statistically significant difference in 
the evaluation of the scoring between the groups (Table 1).

Discussion
TNF-α has a regulating function in the inflammatory phase of wound healing 
(Bettinger et al., 1994). The migration of neutrophils and other phagocyte cells 
to the wound area increases the phagocytosis capacity of neutrophils and 
superoxide anion structure (Mathews, 1981; Comert et al., 2000; Isik et al., 2015a). 
By increasing the expression of collagenase enzyme, the total collagen amount 
is reduced. In addition, the production of interleukine-1 and prostaglandin-E are 
increased in fibroblasts and vascular endothelium (Dayer et al., 1985; Regan et al., 
1993). In chronic wound fluids, it has been shown that the increased TNF-α level 
reduced with time in the healing process (Streit e al., 2006).

Wound healing is a complex physiological process dependent on multiple intrinsic 
and extrinsic factors which are events such as inflammation, collagen synthesis 
and angiogenesis. This process can be impaired with the use of pharmacological 
agents such as corticosteroids, antineoplastic drugs and anti-inflammatory drugs 
(Papaconstantinou et al., 2014). While some studies have shown the anti-TNF 
agent, infliximab, to have a negative effect on wound healing (Selvasekar et al., 2007; 
Mor et al., 2008), others have reached the conclusion that healing is not affected 
(Colombel et al., 2004; Marchal et al., 2004; Kasparek et al., 2012). Despite the use 
of this agent in ulcerative colitis and Crohn’s disease, intestinal surgery may be 
necessary in these patients. In this study it was aimed to determine whether or not 
there was any negative effect of preoperative single dose infliximab treatment on 
intestinal anastomosis healing in rats.

In a study conducted on rabbits by Frostberg et al. (2014), a single dose of 
infliximab administered one week preoperatively was found not to have a negative 
effect on bursting pressure. Papaconstantinou et al. (2014) determined that 
perioperative administration of infliximab on rats was not the reason for changes 
in anastomosis bursting pressure and when the postoperative septic status was 
examined, no difference was seen in comparison with the group not administered 
infliximab. Inflammation was seen to be lower in the infliximab group and in the 
protein expression analysis of the anastomosis region, TGFb1 and collagen V 
which play a significant role in colon anastomosis were found to be higher in the 
infliximab group. The authors concluded that preoperatively administered infliximab 
did not have a negative effect on intestinal anastomosis. In a rabbit study by Jensen 
et al. (2015), repeated high doses of infliximab were found to significantly reduce 
the tensile strength of anastomosis.
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In the current study, no difference was found between the groups in respect 
of anastomosis bursting pressure, hydroxyproline concentration and anastomosis 
healing scores when the effects of infliximab treatment were compared on 
intestinal anastomosis. In the histopathological examination, although there were 
fewer inflammatory cells and finer collagen fibres in the infliximab group, there 
was no statistically significant difference. That there was no negative effect on 
anastomosis healing can be considered to be probably due to the single dose 
of 8 mg/kg administered 4 days preoperatively. However, for more significant 
clarification on this subject, further studies are required, primarily at the molecular 
level because TNF inhibition in the healing process indirectly causes an increase in 
some molecules. How the effect could occur in total should be examined in detail.

There were some limitations to this study, primarily that while infliximab 
treatment is given to patients with inflammatory intestinal disease, healthy rat 
intestine was used in this study. In addition, the number of subjects in the current 
study was extremely limited and the agent which is used on humans was used 
on rats. Another limitation was the preoperative dose amount and that it was a 
single dose. Infliximab is used at the dosage of 5 mg/kg in Crohn’s disease, and 
ranging from 3 to 10 mg/kg in rheumatoid arthritis (Siddiqui and Scott, 2005). In 
an experimental study by Oruc et al. (2004), infliximab treatment of oedematous 
and necrotising pancreatitis created in rats was determined to have resulted in 
a significant histopathological regression in oedematous pancreatitis, suppression 
of neutrophil infiltration and a lessening of complications. Papaconstantinou et 
al. (2014) administered 5 doses of 5 mg/kg subcutaneously at 3-day intervals and 
applied surgery 3 days after the final dose. Frostberg et al. (2014) used a single 
dose of 10 mg/kg IV one week preoperatively in rabbits. In the current study, the 
dose of 8 mg/kg IV, which was effective in pancreatitis, was selected.

In the current study, when the mean TNF-α concentration of the 7th day of 
anastomosis healing was examined, there was seen to be a statistically significant 
difference between Groups 1 and 2 (p<0.001). This result showed the effectiveness 
of infliximab.

In the definition of the final status of the wound healing, histopathological 
examination was a subjective method, especially useful in monitoring the infiltration 
of specific cell types to the wound. To show the effectiveness of wound healing 
at various clinic conditions more studies must be done (Kesici et al., 2007; Isik 
et al., 2014, 2015b). In the current study, although finer fibres of new collagen 
were seen and more widespread mononuclear cell infiltration in Group 2 in the 
histopathological examination, there was no statistically significant difference 
compared to Group 1.

Conclusion
In the current study, no negative effect was determined on intestinal anastomosis 
healing in rats from a single dose of 8 mg/kg infliximab administered 4 days 
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preoperatively. However, both wound healing and the use of systemic anti-TNF-α 
is a complex subject in which several mediators have a role. For full clarification, 
there is a need for further studies, particularly at the molecular level.
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Introduction
Thoracic outlet syndrome (TOS) is a clinical syndrome characterised by a series 
of symptoms brought about by the compression of the neurovascular bundle 
by bony or/and muscular obstacles in the area of the superior aperture. In 1927 
Adson and Coffey first described the compression of the subclavian artery using 
the anterior scalene muscle with arterial symptomatology. The term “thoracic 
outlet” was first introduced by Peet et al. in 1956. Galen and Vesalius were the 
first to describe the presence of a cervical and abnormal first rib (Borchardt, 
1901). In 1861 Coote performed the first cervical rib resection, which was 
described in the literature. The term TOS is non-specific. The clinical presentation 
can vary from light symptoms, to even vein thrombosis and upper extremity 
muscle atrophy. By the character of the compression and a compressed structure, 
we can specify TOS and divide it into arterial (ATOS), venous (VTOS), and 
neurogenic (NTOS). The symptoms of ATOS include ischemia of the fingers, limb 
claudication, pallor, coldness, and paraesthesia. Pain, paraesthesia and weakness 
in the hand, arm and shoulder, plus neck pain and occipital headaches, are the 
classical symptoms of NTOS. VTOS involves arm swelling, finger paraesthesia, 
plus cyanosis. TOS is often misdiagnosed and significantly underdiagnosed in the 
population. Heredital TOS is not exactly defined in the literature. A significant 
part of patients is diagnosed between the ages of 20 and 50 (Köknel Talu, 2005). 
Teenagers are rarely diagnosed with TOS and pediatric patients are very rarely 
diagnosed (Arthur et al., 2008; Rigberg and Gelabert, 2009). The incidence of 
TOS in the population is, at least, 1–2%. The incidence of NTOS in the population 
is, roughly, 94–97%, whereas the incidence of ATOS is, roughly, 1% (Jusufovic et 
al., 2012). Cervical rib anomalies in the population are extremely rare, and the 
frequency of detection of this anomaly in the general population constitutes 
approx. 1–2% (Walden et al., 2013). Approximately 70% of all cases are in women. 
Most cases of cervical rib are demonstrated as NTOS. The incidence of bone 
abnormalities resulting in TOS is estimated to be 30%. The most frequent bone 
anomalies leading to TOS included cervical ribs (70%), clavicular anomalies (20%), 
and isolated first rib aberrations (10%) (Weber and Criado, 2014). Cervical ribs 
can develop with a unilateral or bilateral distribution. The frequent occurrence of 
cervical ribs is described in the Klippel-Trenaunay syndrome (Glass et al., 2002), 
which is associated with other vascular pathologies. Rib anomalies are the most 
frequent causes of the compression of cervical plexus. The personal history of a 
significant part of NTOS patients includes a neck trauma or a car accident. VTOS 
can be presented in the case of excessive unilateral load of arms. Symptoms of 
ATOS usually develop spontaneously, and in most cases it is associated with a 
cervical rib and with isolated first rib aberrations. A golden diagnostic standard is 
a clinical examination, provocative tests (Adson’s, Wright’s test), X-ray scanning, 
ultrasound, and magnetic resonance imaging.
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Case report
We admitted two female patients to our Department of Cardiovascular Surgery 
with incidentally diagnosed TOS for resection of the first rib; a 14-years-old 
female patient, and her 35-years-old aunt on the mother’s side; both patients had 
manifested TOS of the right upper extremity. The 37-years-old mother of the 
14-years-old female patient and, at the same time, the sister of the 35-years-old 
female patient had transaxillary first rib resection six years ago, due to a manifested 
VTOS on the right side, at another hospital. The mother had manifested VTOS in 
the form of Paget-Schroetter syndrome, with repeated thromboses of the subclavian 
vein; a stent was implanted into the subclavian vein after the first rib resection.

Case 1
The 14-years-old female patient suffers with asthma, atopic dermatitis, S/P 
adenoidectomy at the age of two, with polyvalent allergy a year ago due to 
manifested VTOS after the first rib resection on the left side with a good effect; 
now admitted due to oedema of the right upper extremity, receives a Dabigatran 
therapy, a ultrasound examination carried out with maximum provocative 

Figure 1 – The 14-years-old  
female patient – surgical wound  
– the resected first rib.
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manoeuvres (limb elevation while she was breathing in), with alterations of 
Doppler signal on the subclavian artery, approximately 40% of artery compression, 
and flow alterations in the subclavian vein with roughly 50% of vein flow. 
Transaxillary first rib resection was performed on the patient (Figure 1). The 
procedure was without any complications. Following the operation, small apical 
pneumothorax was in regression. The patient was discharged from the hospital 
for home treatment on the sixth post-operative day. After the 21 days the post-
operative ultrasound examination revealed no flow alterations in the subclavian 
artery and vein, the surgical wound was healed; the patient remained without 
oedema of the right upper extremity and without clinical problems.

Case 2
The 35-years-old female patient suffers with asthma, thyroid gland hypofunction, 
with polyvalent allergy, now with oedema of the right upper extremity mainly 
during the elevation of the extremity, and with finger paresthesia. The patient was 
examined with an X-ray photograph which shows a significant lateral fragment of 
vertebra C7 the character of which is even an incipient cervical rib on the right; 
according to the control ultrasound examination with maximum augmentation 

Figure 2 – The 35-years-old  
female patient – surgical wound 
– the resected first rib.
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manoeuvres (limb elevation while she was breathing in), significant flow alterations 
in the subclavian vein colliding with the abnormal first rib, without any alteration 
of flow in the subclavian artery. Transaxillary first rib resection was performed on 
the patient (Figure 2). The procedure was without any complications. The patient 
was discharged from hospital for home treatment on the sixth post-operative day. 
After the 21 days the post-operative ultrasound examination with provocative 
manoeuvres revealed no flow alterations in the subclavian vein and artery, the 
surgical wound was healed; the patient’s condition were clinically improved, without 
subjective problems.

Discussion
We presented a very rare case of four-fold TOS syndromes manifested in three 
members of the same family. We have performed transaxillary first rib resections 
with optimum clinical results. In addition to standard clinical examinations using 
elevation and traction tests, also ultrasound and standard imaging methods 
of anteroposterior X-ray photographs and CT scans were used to diagnose 
TOS. Based on the studies dealing with this diagnosis, there is very frequent 
underreporting and an incorrect and poor detection of the presence of bone 
anomalies including the cervical rib and structural anomalies of the ribs resulting in 
the clinical symptoms of TOS (Viertel et al., 2012). Transaxillary or supraclavicular 
decompression can be used for vascular bundles or for the removal of bone 
anomalies. We selected the universal transaxillary approach in which we are 
experienced in our Department of Cardiovascular Surgery and which is normally 
applied. In our department, we have operated on patients with TOS syndrome 
for more than 30 years. We operate on a full range of patients with different 
symptomatology. We have not yet encountered such a strong family-related 
presentation of TOS syndrome. In a detailed clinical examination, no significantly 
genetically determined syndrome was identified in this family. Female patients were 
without other obvious abnormalities. No specific abnormality associated with the 
known and also molecularly genetically detectable mutation of HOX genes, was 
identified in the patients. No molecular genetic techniques have been developed yet 
for undefined nonspecific mutations of HOX genes. As a result, at the moment it is 
impossible to objectify these mutations in detail. The occurrence of this pathology 
fully falls within the category of polygenic inheritance, but with a very strong 
polygenically determined phenotypic penetrance. Following available anatomical-
embryological studies, the axial skeleton, to which the paraxial mesoderm gives 
rise, is determined by the so-called HOX genes (Kmita and Duboule, 2003; Mallo et 
al., 2009; Wellik, 2009). These genes present an evolutionary conserved group. This 
group of genes is extremely important, among other things, for the differentiation 
and structuring of the vertebral column, and today 39 HOX genes are described 
for the development of the vertebral column, which are divided into four different 
clusters. The four clusters described as HOXA, HOXB, HOXC and HOXD, are 
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located on four different chromosomes 7p14, 17q21, 12q13 and 2q31, respectively, 
and contain 9–11 genes (Quinonez and Innis, 2014). Up to now, 10 mutations of 
HOX genes were described with a clear mechanism of inheritance, expressivity and 
mechanism of pathogenesis, and phenotypic manifestation (e.g. HOX1A mutation 
reported as Bosley-Salih-Alorainy syndrome, HOXA13 as Guttmacher syndrome, 
HOXC13 ectodermal dysplasia 9, HOXD13 syndactyly type 5). Non-specified 
mutations in HOX genes are described, too. They are associated with anomalies 
and abnormalities of the vertebral column, the quantity and anomalies of ribs, and 
include the occurrence of a cervical rib (Kmita and Duboule, 2003). It is described 
that aberrations in HOX gene expression have a role in tumour suppression 
and in oncogenesis (Merks et al., 2005; Shah and Sukumar, 2010). The literature 
emphasizes, that for complete phenotypic penetrance (complete homeotic 
transformation), an alteration of expression in several homologous or paralogous 
HOX genes, is required (Deschamps and van Nes, 2005; Bots et al., 2011). 
Mutagenic agents of HOX genes leading to the occurrence of bone abnormalities 
represented mainly by cervical ribs and structural abnormalities of costal arch, 
which can be represented by TOS syndrome, are not yet known, and they require 
further analysis. However, within the population incidence their acceleration and 
higher line phenotypic presentation in the relevant family line, is possible. In the 
case reported by us concerning the family presence of TOS, we can take into 
account the acceleration of agents leading to alterations of HOX gene expression. 
However, in the relevant family, potential risk factors are not known. It is advisable 
to examine the family members of patients with TOS syndrome caused by bone 
abnormalities in relation to suspected cases of clinical TOS symptomatology, and 
also to bear in mind the possible association between family history of TOS and 
incidence. In addition, for in patients with bone abnormalities with clinical TOS 
presentation, it is necessary to consider possible higher cancer incidence, mainly in 
patients with higher genetic family burden, and to bear in mind this potential risk. 
The aim of our report is to demonstrate HOX gene mutations associated with 
the occurrence of TOS syndrome, which have not been genetically specified yet. 
The literature available in fact does not describe this correlation. Many variations 
of mutations in this area can be represented by a wide phenotype diversity. It is 
necessary to take into consideration the relevant mutations of HOX genes, and in 
certain cases, also their strong family transmission between individuals; a significant 
clinical presentation, and the possibility of the prevalence of other cancer types 
with increasing age.

Conclusion
Future studies concerning the frequency of cervical ribs and structural bone 
anomalies of the first cervical rib presented with clinical TOS syndrome will have to 
address the relevant issue as an indicator of potentially higher medical risks for the 
relevant affected population, and its possible inheritance.
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Abstract: Currently, Ormond’s disease is classified among IgG4-associated 
diseases. Its clinical manifestation varies and is characterized by the presence of 
fibrous retroperitoneal tissue that often affects the ureters or abdominal aorta and 
iliac arteries. We present a unique case of the polycystic form of Ormond’s disease, 
imitating tumour in the retroperitoneal space. At the time of diagnosis, the disease 
was not metabolically active and did not require immunosuppressive therapy. The 
polycystic mass was removed surgically. There has been no exacerbation of the 
disease during the last 12 months.
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Introduction
IgG4-related diseases comprise a relatively newly defined group of diseases 
characterized by IgG4 hypergammaglobulinaemia with the presence of IgG4-
producing plasma cells in affected organs with fibrotic or sclerotizing changes 
(Kamisawa et al., 2015). A disease associated with IgG4 may affect virtually any 
organ – salivary glands, periorbital tissue, kidneys, lungs, meninges, aorta, prostate, 
pericardium or skin. Histopathological findings are uniform, characterized by a 
major lymphoplasmocytic infiltrate and the presence of IgG4-producing plasma 
cells, irrespective of the affected site. Ormond’s disease (idiopathic retroperitoneal 
fibrosis) is an example of a disease associated with IgG4. It is characterized by 
chronic periaortitis and retroperitoneal fibrosis. The inflammatory process affects 
the infrarenal part of the abdominal aorta and the iliac arteries and is characterized 
by the presence of infiltrates encasing the ureters and inferior vena cava.

Case report
A 46-year-old male patient presented to the Department of Urology, Na Homolce 
Hospital, for backache and fatigue. Clinical and ultrasound assessments and a 
CT (computed tomography) examination were performed, which revealed an 
obstructed ureter on the left-hand side. The CT scan showed a mass of 7×5×7 cm 
that was obstructing the left ureter and iliac arteries. The patient was referred 
for a surgical procedure to be performed in the Department of Vascular Surgery. 
Upon admission, the following data were collected. Family history: his mother 
died at the age of 68 following Grawitz tumour surgery; his father died at the age 
of 70 from a laryngeal tumour. The patient had been treated for hypertension. 
Health state: heart rate 97 beats/min, BP (blood pressure) 150/100 mm Hg, 
respiratory rate 16/min, temperature 36.5 °C, BMI (body mass index) 31.0, 
eupnoeic, oriented; no jaundice, cyanosis or anaemia; adequate hydration and skin 
turgor. Head was painless; ears and nose showed no pathological finding. Thyroid 
gland was not enlarged; cervical veins had an adequate filling; carotid arteries had 
a symmetric beat, with no murmur. The patient had a regular heartbeat, with two 
distinct sounds; the heart was not enlarged on percussion; breathing was alveolar, 
with no additional phenomena. The abdomen was painless on palpation; a resistant 
mass was palpable in the left mesogastrium; liver and spleen were not enlarged; 
tapotement was bilaterally negative. Extremities showed no signs of inflammation; 
pulse on peripheral arteries on both the upper and lower extremities was well 
palpable all the way into the periphery; joints showed no signs of inflammation 
and had a regular mobility. A preoperative assessment was performed that did not 
reveal any contraindications for the surgical treatment. Laboratory findings: serum 
minerals – Na, K, Cl, urea, creatinine, glycaemia, AST, ALT, cholesterol, triglycerides, 
all with no pathology, C-reactive protein 9 mg/l, Hb 113 g/l, erythrocytes 
3.74×1012/l, haematocrit 0.34 l/l, leukocytes 9.6×109/l, thrombocytes 636×109/l, 
lues, HbSAg, HIV negative, FW 28/52, cardiac and lung X-ray showed no 
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pathological finding. An 8 cm large tumour mass affixed to the retroperitoneum, 
well vascularized on the surface, was removed during the vascular surgical 
procedure. The ureter was encased into the tumour wall. The lower part of the 
tumour had close contact with the fascia of the psoas muscle and was affixed 
to the anterior vertebral fascia. The inferior mesenteric artery was encased by 
the anterior part of the tumour. Similarly, the tumour was growing behind the 
aorta, deviating it vertebrolaterally to the right. The tumour involved the inferior 
vena cava. A complete removal of the tumour was performed. The following 
histopathological examination showed. Macroscopic finding: a partially emptied 
cystic cavity (70×60×55 mm) with serous contents and a 1–10 mm thick wall 
made of homogenous grey tissue. Microscopic finding (Figure 1): in the examined 
excisions, the cavity wall is composed of hyalinised scarred tissue with a large 
number of blurred round-cell plasmocytic infiltrates which infiltrate the adjacent 
adipose tissue on the periphery; its remnants are also found in the scarred 
tissue of the wall. The cavity has a character of a pseudocyst with no clear 
epithelial lining. The scarred tissue comprises also some small neural rami and 
arteries. The mass is assessed as a tumour-like pseudocyst variation of interstitial 
retroperitoneal fibrosis (Ormond’s disease). No tumour was detected. The finding 
is consistent with an idiopathic retroperitoneal fibrosis (Ormond’s disease). 
IgG4-positive plasmocytes were detected, 30 IgG4+ cells/HPF. The subsequent 

Figure 1 – Tissue with cysts.
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PET/CT scan revealed only a slightly increased glucose metabolism and soft tissue 
lying paravertebrally and posteriorly to the aortic bifurcation, which may present 
a minor residual mass of active Ormond’s disease. The immunology findings of the 
patient: IgA, IgG, IgM, C3 and C4 part of the complement with no pathological 
findings, ANA negative, anti-ds DNA negative, ANCA negative. IgG 12.1 G/l, 
IgG4 0.34 G/l. Since both laboratory findings and imaging methods showed no 
inflammatory activity, no immunosuppressive therapy was indicated. A cystic form 
of Ormond’s disease was confirmed in the patient, which was not active at the 
time of diagnosis. The patient has been regularly followed up at the Department 
of Clinical Immunology. No activity of the disease has been seen in the last 
12 months of follow-up.

Discussion
Diseases associated with IgG4 are a newly defined group of diseases, some 
of which have been known previously (Stone et al., 2015). They are defined 
by an increased serum IgG4 concentration and the finding of plasma cells in 
inflammatory infiltrates producing these antibodies. Their clinical presentation 
varies greatly – the disease may affect completely different organs and systems. 
The pathogenetic role of IgG4 has not been established as yet. Our case report 
revealed an interesting clinical form of Ormond’s disease. We did not find 
the described case of the cystic form of retroperitoneal fibrosis confirmed 
histopathologically in the literature, only one case of a patient with recurrent 
retroperitoneal fibrosis (RPF), in whom a pseudocyst in the periaortic fibrotic 
mantle was diagnosed without histopathological confirmation (Jansen et al., 2010). 
The absence of inflammatory activity at the time of surgery is another interesting 
feature. It confirms our experience that there are patients in whom the disease 
is not clinically active (Průcha et al., 2016). For practical reasons, it is important 
to mention that the disease responds well to systemic corticosteroid therapy. 
Immunosuppressive therapy is the treatment of choice and has no alternative 
(Scheel and Feeley, 2013). Patients with a hollow renal system or abdominal 
aorta are treated by both urologist and vascular surgeon. Systemic corticosteroid 
monotherapy, however, leads more often to exacerbation of the disease; therefore, 
combined immunosuppression is the preferred method of treatment, if it is 
possible.

Conclusion
Diseases associated with IgG4 are a relatively rare group of diseases, often with 
unpronounced clinical symptomatology, affecting a great variety of organs and 
systems. Ormond’s disease is one example of an IgG4-associated disease. We 
diagnosed a rare case of a polycystic form of Ormond’s disease. Its diagnosis and 
treatment require a multidisciplinary approach that will be of greater value to the 
patient.
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Abstract: Malignant melanoma is a malignancy located predominantly in the skin 
and the incidence of melanoma increases. We compared the markers of bone 
metabolism – osteocalcin (OC), beta-carboxyterminal cross-linked telopeptide 
of type I collagen (β-CrossLaps, β-CTx) and tumour marker – human epididymis 
protein 4 (HE4) in the serum with finding during the entry examination and 
the check-up of whole-body bone scintigraphy of the patient with a malignant 
melanoma. Serum concentrations of OC, β-CTx, HE4 were determined in  
1 patient (female, age 64 years) with malignant melanoma and correlated with the 
presence of equivocal bone metastases detected by whole-body bone scintigraphy 
(the entry examination and check-up after 6 months). Concentrations of bone 
metabolism markers decreased during six months and we observed progress in 
bone metastases. The change of the markers levels during the entry examination 
and the check-up of the whole-body bone scintigraphy with equivocal finding of 
bone metastases could be a sign of a possible initiating progression of malignant 
melanoma despite a clinically negative finding that does not prove the progression 
of the disease.
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Introduction
Malignant melanoma, a neoplasm of melanocytes or a neoplasm of the cells that 
develop from melanocytes is the most dangerous type of skin cancer (Dummer 
et al., 2012). The etiology of malignant melanoma is combination of sun exposure 
(particularly UVB radiation), genetic and environmental influences (Koh et al., 1993). 
Metastases develop in regional lymph nodes, as satellite or in-transit lesions or in 
distant organs (Zbytek et al., 2008). The lung is most commonly involved followed 
by brain, liver, bone marrow, and intestine (Deepali et al., 2007). Bone marrow 
metastases of melanoma are in 5–7% of patients with disseminated disease but in 
up 45% when an autopsy-staging procedure is performing (Serrier and Lesesve, 
2013). Typical bone metastases are osteolytic with medullary origin. Lesion growth 
caused erosion and destruction, pathologic fractures and soft-tissue involvement. 
Atypical skeletal metastases exhibit as a mixed osteolytic-osteoblastic pattern or 
hardly ever as a completely osteoblastic (Potepan et al., 1994; Brountzos et al., 
2001). Whole-body bone scintigraphy is commonly used for detection of bone 
metastases in cancer patients and it is more sensitive than X-rays. It is nuclear 
imaging procedure, offering of total body examination, low cost, and high sensitivity 
(Brenner et al., 2012). The recording is performed 2 to 4 hours after intravenous 
application of radioactive tracer (Technecium-99m methylene disphosphonate, 
Tc-99m MDP) with a double head gamma camera as a whole-body scan in anterior 
and posterior projection (Kane et al., 2013; Ghosh, 2014). Osteocalcin (OC) is the 
most important noncollagen protein in bone matrix, accounts for approximately 
1% of the total protein in human bone and OC is produced by osteoblasts and 
is widely accepted as a marker of bone osteoblastic activity. Elevated levels of 
osteocalcin indicate metabolic bone disease including osteoporosis, osteomalatia, 
hyperparathyroidism, renal osteodystrophy, thyrotoxicosis, fractures and bone 
metastasis (Kardamakis et al., 2009). Osteoclasts secrete during bone resorption 
a mixture of acid and neutral proteases that degrade the collagen fibrils into 
molecular fragments including carboxyterminal cross-linked telopeptide of type I 
collagen (CTX). As bone ages, the alpha form of aspartic acid present in CTX 
converts to the beta form. Beta form is released into the bloodstream and 
serves as a specific marker for the degradation of nature type I collagen. Beta-
carboxyterminal cross-linked telopeptide of type I collagen (β-CTx) levels are 
increased by bone resorption and are associated with osteoporosis, osteopenia, 
Paget’s disease, hyperparathyroidism and hyperthyroidism (Biver, 2012). Human 
epididymis protein 4 (HE4), also known as WFDC2 (WAP four – disulphide core 
domain 2), is a secretory protein detectable in human serum and was originally 
identified in human epididymis (Li et al., 2013; O’Neal et al., 2013). This protein is 
a useful tumour marker for ovarian cancer and endometrial cancer. Recent studies 
have suggested that HE4 is overexpressed also in other malignant tissues and in a 
number of tumour cell lines including melanoma cell line (Ross et al., 2000; Garber 
et al., 2001; Ryu et al., 2002; Escudero et al., 2011; Iwahori et al., 2012; Karlsen et 



131)

Bone Metabolism and Bone Scintigraphy of the Malignant Melanoma Patient

Prague Medical Report / Vol. 117 (2016) No. 2–3, p. 129–134

al., 2014). Human epididymis protein 4 may be a novel, useful tumour marker and 
the increased concentration of HE4 may be a marker for metastasis and a negative 
prognostic marker for patients after chemotherapy.

Case report
A 64-year-old patient (woman, Caucasian) was examined at the Department  
of Dermatology with a suspected malignant melanoma of skin (the diameter of 
6 mm) on the lateral side of the right arm and a malignant melanoma of skin (the 
size of 12×6 mm) on the medial side of the right arm. Lymph node on the neck 
and in the axillae were not palpable. The lymph nodes were not affected during 
the sonographic examination of the axillae and the neck; struma nodosa bilateral 
present, gallstones present during the sonography of stomach, steatosis of liver, 
hepatopathy. Myopathic, reciprocally dilated heart and multiplied bronchovascular 
marking on an X-ray picture of the chest. She fought off common childhood 
disease, embolisation into lungs. She undergoes a long-term treatment of arterial 
hypertension and she is being observed for the struma within a replacement 
therapy. The value of protein S-100 was 0.093 (standard: <0.105). The total 
extirpation of malignant melanoma with a 10mm-protective edge recommended 
by the Melanoma Committee. The intervention was realized in local anaesthesia. 
The histological examination of dermal lesion situated on the lateral side of the 
right arm discovered a regressively changed malignant melanoma and a melanocyte 
lesion (nevus) with epithelioid features and atypical junction proliferation from 
the dermal lesion on the medial side of the right arm. The proliferation activity 
of the cells was examined in the immune-chemical way Ki-67 and a higher share 
of cells expressing Ki-67 was detected in the middle and upper layers of the 
lesion, less in the base. The wounds were healed with no complications after a 
surgical intervention. During the examination by computed tomography (CT) – 
without deposit changes of the metastases character on brain and thoracic and 
abdominal organs. Older hypodense deposits of the post-ischemic lesions nature 
and moderate cerebral atrophy were present on the brain in the front part and 
in the area of basal ganglia on the left. There was also a finding of hypodense 
deposit in the right lobe of the thyroid gland and a calcified wall of the gallbladder. 
The entry examination of the whole-body bone scintigraphy was realized 1 
month after the operation. The recording was acquired 2 hours after intravenous 
application of 600 MBq of radioactive tracer Tc-99m – MDP as a whole-body scan 
of the skeleton in anterior and posterior projection with scanning speed of 10 
centimetres per minute. There was the finding of equivocal bone metastases in the 
bones of the proximal part of the right forearm. Before the examination itself we 
realized the blood collection, we acquired the serum from a peripheral vein that 
was consequently stored in sterile plastic test tubes at –50 °C. A check-up was 
realized 6 months after the entry examination of the whole-body bone scintigraphy 
with a finding of new equivocal bone metastases in the area of Th7 vertebra and a 
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moderate regression of the finding in the bones of the proximal part of the right 
forearm was detected. The blood was again collected and serum stored. Then 
the patient was observed at the Department of Oncology and Dermatology. The 
scars after the surgical intervention are unchanged with no palpable resistance. 
The serum acquired from entry examination and the check-up was used at the 
workplace of Clinical Biochemistry for the determination of osteocalcin, beta-
carboxyterminal cross-linked telopeptide of type I collagen and human epididymis 
protein 4 in the serum by electrochemiluminescent immunoanalysis – ECLIA 
method (Elecsys, Roche Diagnostics, at the Department of Clinical Biochemistry, 
University Hospital in Martin, Comenius University in Bratislava, Slovakia) 
(Hasanbegovic et al., 2015). Reference values: OC women: 15–46 ng/ml, β-CTx 
women: 0.33–0.78 ng/ml, HE4: ≤140 pmol/l.

Results
The concentrations of bone metabolism markers in the serum of the patient 
with a malignant melanoma were: OC: 25.22 ng/ml, β-CTx: 0.513 ng/ml and the 
concentration of HE4 was 55.33 pmol/l, after the first entry examination of the 
whole-body bone scintigraphy, and the concentrations were after the second 
check-up: OC: 17.99 ng/ml, β-CTx: 0.321 ng/ml, HE4: 67.76 pmol/l (Table 1).

We observed the reduction of the concentration of the markers of bone 
metabolism of OC and β-CTx and the moderate increase of the HE4 
concentration comparing the concentrations of OC, β-CTx and HE4 in the 
serum during the entry examination and the check-up of the whole-body bone 
scintigraphy with equivocal finding of bone metastases.

Table 1 – The concentrations of osteocalcin (OC), beta-carboxyterminal 
cross-linked telopeptide of type I collagen (β-CrossLaps, β-CTx)  
and human epididymis protein 4 (HE4) in the serum during the entry 
examination and the check-up scintigraphic examination of the patient 
with the malignant melanoma

Examination Bone scintigraphy OC
(ng/ml)

β-CTx
(ng/ml)

HE4
(pmol/l)

Entry examination Equivocal metastases in the 
bones of the forearm

25.22 0.513 55.33

Check-up after  
6 months

Equivocal metastases in the 
area of the Th7 vertebra, 
moderate regression in the 
bones of the forearm

17.99 0.321 67.76

Th – thoracic vertebra; referential values: OC women: 15–46 ng/ml, β-CTx women: 0.33–0.78 ng/ml, HE4: ≤140 pmol/l
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Conclusion
We observed increased bone metastasis by whole-body bone scintigraphy in 
patient with melanoma after one month after total extirpation of lesion and bone 
metastasis progressed after next six months. The changes of the bone metabolism 
markers levels were observed during six months as well and could be a sign of a 
possible initiating progression of malignant melanoma, either in a local or distant 
form of bone metastases and the metastases in the structures of soft tissues and 
organs despite a clinically negative finding that does not prove the progression of 
the disease. It would be appropriate to examine the set containing a higher number 
of patients with a malignant melanoma in order to evaluate the finding more 
precisely as well as to observe them during a longer period and correlate the given 
parameters in the serum with the finding during the whole-body bone scintigraphy. 
There is no available information about the determination and observation of 
these parameters in the serum of the patients with a malignant melanoma in 
the literature. Des Grottes et al. (2001) observed the increased concentration 
of osteocalcin in patients with melanoma and Escudero et al. (2011) observed 
the increased concentration of HE4 in the case of the group of 9 patients with a 
malignant melanoma.
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