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Abstract: It is established that neural stem cells (NSC) reside in the hippocampal 
subgranular zone (SGZ) and contribute to neurogenesis throughout life. Although 
the molecular events that regulate hippocampal neural stem cell differentiation 
are known, the precise mechanism is undefined. Here, the role of  growth arrest 
specific 7 (Gas7) protein in SGZ neural progenitor cell differentiation was studied. 
Immunoblotting and immunohistochemistry for Gas7 were performed on 12 weeks 
old mice hippocampus. The results displayed a strong signal for Gas7 protein in the 
mice hippocampal tissue and SGZ cells, therefore suggesting that Gas7 might have  
a role in neural progenitor cell differentiation in SGZ.
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Introduction
Growth arrest-specific genes (Gas) were first discovered in growth arrested cultured 
cells (Schneider et al., 1988). Individual Gas gene is shown to involve in a variety 
of  biological process that regulates apoptosis (Fabbretti et al., 1995), cytoskeleton 
arrangement (Brancolini et al., 1992), receptor tyrosine kinase activity (Del Sal et 
al., 1994), cell cycle control (Li et al., 1996), and nerve cell growth (Adlkofer et al., 
1995). Studies from our laboratory and other laboratories have demonstrated that 
one of  the Gas genes, Gas7 have a specialized role in neuronal development ( Ju 
et al., 1998; Moorthy et al., 2005). Reports suggest that Gas7 plays an important 
role in neuritogenesis and neuronal migration (Chao et al., 2003). In 1998, Ju et al. 
have reported that inhibiting Gas7 gene prevents neurite outgrowth in Purkinje cells. 
Conversely, over-expression of  Gas7 has been shown to promote neurite extension 
in Neuro2A and PC12 cells (Chao et al., 2003).

Neurogenesis is an important mechanism for brain development (Pan et al., 
2013). In the hippocampus, the subgranular zone (SGZ) continuously produces new 
neurons (Kumar and Devaraj, 2012). In the SGZ, neural stem cells (NSC) proliferate 
into progenitor cells (Warner-Schmidt and Duman, 2006). The progenitor cells 
differentiate into neurons and integrate into the hippocampal circuitry (Warner-
Schmidt and Duman, 2006; Kumar et al., 2012). Hippocampal neurogenesis involves 
in memory formation and plays a critical role in mood regulation (Warner-Schmidt 
and Duman, 2006).

Though, there is progress in characterizing the neurotransmitters and trophic 
factors that regulate neural progenitor cell differentiation in SGZ (Gage, 2000; Hagg, 
2009) the precise mechanism is yet to be defined. Much less is known about the 
intracellular cascades that influence neural progenitor cell differentiation in SGZ. 
Improved comprehension of  the mechanisms involved in neural progenitor cell 
differentiation is thus of  major importance for brain repair. In this study, the role  
of  Gas7 in neural progenitor cell differentiation was investigated. The data suggests 
that Gas7 may be an important determinant for neural progenitor cell differentiation 
in SGZ.

Material and Methods
Animals
This study consisted of  twelve male Swiss albino mice (12 weeks old), where six 
mice were used for immunoblotting and remaining for immunohistochemistry. 
They were obtained from Kings Institute of  Preventive Medicine, Chennai, India. 
Mice were housed on a 12:12 hour light-dark cycle with free access to food and 
water. All procedures were performed in accordance to the laws and conditions 
of  The Committee for the Purpose of  Control and Supervision of  Experiments 
on Animals in India (CPCSEA) and Institutional Animal Ethics Committee (IAEC) 
guidelines.
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Immunohistochemistry
Mice were deeply anesthetized by intraperitoneal injection of  sodium pentobarbital 
(100 mg/kg) and perfused through the ascending aorta for 30 minutes with 
cold saline and 4% paraformaldehyde. Brains were dissected and stored in the 
same fixative overnight at 4 °C. 8 μm thick coronal sections containing dorsal 
hippocampal formation were dewaxed in xylene and rehydrated in a series of  
ethanol solution. Endogenous peroxidase activity was blocked using 3% hydrogen 
peroxide and non-specific binding was blocked with 3% bovine serum albumin in 
phosphate-buffered saline for 60 minutes. The sections were incubated overnight 
at 4 °C with the Gas7 antibody (dilution 1:200, rabbit anti-Gas7 antiserum was 
generated against histidine-tagged full-length Gas7 protein expressed in Escherichia 
coli from plasmid pET15b, a kind gift from Dr. Sue Lin-Chao, Academia Sinica, 
Taiwan). Slides were washed with phosphate-buffered saline and incubated with 
horse anti-rabbit biotinylated secondary antibody (BA-1100, Vector Labs) for 
2 hours at room temperature. They were developed with 3,3’-diaminobenzidine 
solution and were visualized using Axioskop-2 Plus Phase Contrast Microscope (Carl 
Zeiss). Negative controls included substituting the primary antibody with 3% bovine 
serum albumin, which resulted in negative staining.

Immunoblot
Fresh hippocampal tissues were homogenized by an ultrasonic disruption in ice-
cold RIPA buffer (R0278, Sigma-Aldrich) containing protease and phosphatase 
inhibitors (5892970001 and 4906845001, Roche). After centrifugation, the protein 
level in the supernatant was determined using Micro BCA protein assay kit (23235, 
Thermo Scientific) with bovine serum albumin as the standard. The proteins were 
separated by sodium dodecyl sulphate-polyacrylamide gel electrophoresis and 
were electrophoretically transferred to PVDF membrane (10600023, Amersham 
Biosciences). The membranes were stained with Ponceau S solution to evaluate the 
protein transfer. They were later blocked in 5% milk-Tris-buffered saline-Tween and 
were incubated with Gas7 (dilution 1:1000) and corresponding secondary antibody. 
The immunoblots were developed using ECL solution and chemiluminescent-
compatible film (RPN2232 and 28906835, Amersham Biosciences).

Results
Detection of  Gas7 in the hippocampal tissue
Immunoblot analysis of  extracts prepared from 12 weeks old mice hippocampus 
showed positive immunoreactivity for Gas7 in the above stage. Expression of  48 kDa 
Gas7 protein indicates that Gas7 is physiologically present in the hippocampal tissue 
(Figure 1).

Localization of  Gas7 in the subgranular zone cells
Immunohistochemical analysis of  mice hippocampal dentate gyrus showed a high 
degree of  positive immunostaining for Gas7 in the stem cell-rich subgranular zone. 
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Figure 1 – Immunoblot analysis of  mice 
hippocampal tissue lysate. A single 48 kDa Gas7
protein band was observed.
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Figure 2 – Immunohistochemical staining of  Gas7 in the mice hippocampal dentate gyrus. Gas7 is present in 
the SGZ of  the dentate gyrus (arrow). Upper inset: magnified view of  the dentate gyrus showing strong cytosolic 
localization of  Gas7 in the SGZ cells (arrows).

The signal for Gas7 was prominent in the cytoplasm of  subgranular zone cells that 
indicates Gas7 has a vital role in these cells. A few cells in the granular cell layer also 
displayed immunoreactivity for Gas7, but their function in granular cells is unclear at 
this stage (Figure 2).
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Discussion
Gas7 expresses in various regions of  the brain such as cerebral cortex, cerebellum, 
hippocampus and plays critical role in brain development ( Ju et al., 1998). In 
particular, Gas7 induces neurite outgrowth. Report by Hung et al. (2011) shows that 
Gas7 regulates mesenchymal stem cell differentiation. This implies that Gas7 has a 
role in cell differentiation process. In the previous report, our laboratory has proved 
that Gas7 facilitates embryonic cell mobility via cytoskeletal reorganization (Moorthy 
et al., 2005), which shows that Gas7 could interact with cytoskeleton to promote 
cell migration. These facts indicate that Gas7 might help in cell differentiation by 
modulating the cytoskeletons.

Numerous studies have shown that cytoskeletons play a major role in cell 
differentiation (Yourek et al., 2007). Reports suggest actin and microtubules form 
a protein network in the cell cytoplasm and generate a force that makes cell to 
differentiate. Disrupting this cytoskeletal network would weaken the cell membrane 
elasticity, leading to failure of  cell differentiation (Fletcher and Mullins, 2010). 
Previous studies on Gas7 shows that Gas7 interacts with actin and microtubules. It 
plays a crucial role in actin assembly and microtubule stabilization (She et al., 2002; 
Uchida et al., 2009). In the present study, a strong signal for Gas7 protein in the 
hippocampal tissue lysate was noticed. Immunohistochemistry data confirms Gas7 
accumulation in the cytoplasm of  SGZ cells. The localization of  the Gas7 protein 
in the hippocampal neurogenic niche suggests that Gas7 might have a role in SGZ 
neural progenitor cell differentiation. The precise mechanism of  SGZ progenitor 
cell differentiation by Gas7 is unclear at this stage. However, one mechanism 
where Gas7 might aid in cell differentiation is through cytoskeletal reorganization. 
Gas7 may help to form stress fibers in the cell cytoplasm by cross-linking actin 

Nucleus
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Figure 3 – Schematic 
representation of  cytoskeleton 
mediated neural progenitor 
cell differentiation. Gas7 cross-
links F-actin and aids in the 
polymerization of  microtubules. 
This process within the cell 
encourages to change its 
morphology and differentiate.
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Figure 4 – Schematic 
representation of  neural 
progenitor cell differentiation 
in the hippocampal dentate 
gyrus. The neural stem cells in 
the SGZ proliferate into neural 
progenitor cells. The progenitor 
cells, with the help of  Gas7 
differentiate into neurons, 
which may later integrate into 
the hippocampal circuitry.

filaments and polymerizing microtubules. The stress developed due to the change 
in cytoskeletal structure could induce the cell to change its morphology, leading 
to cell differentiation (Figures 3 and 4). Further investigation on Gas7 is needed to 
resolve the mechanism of  Gas7 mediated SGZ neural progenitor cell differentiation. 
Understanding the functional role of  SGZ neural progenitor cell differentiation as 
well as its underlying cellular and molecular substrates will enable us to identify 
potential interventions with hippocampal diseases and develop targeted therapies for 
memory-related disorders.

Acknowledgements: The author thanks Divya Chandrababu and Vahin Uday for their 
support.
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Abstract: Asphyxiating thoracic dysplasia (ATD) represents a heterogeneous group 
of  skeletal dysplasias with short ribs, narrow chest and reduced thoracic capacity. 
Mutations in several genes including IFT80, DYNC2H1, TTC21B and WDR19 have 
been found in patients with ATD. Both severe and milder course of  the disease were 
described in correlation with secondary involvement of  lung’s function. Two children 
with attenuated form of  ATD are described. Their anthropometric parameters 
for birth weight, length and head circumference were normal but narrow thorax 
was observed in both of  them in early infancy with chest circumference < –3 SD 
(standard deviation) in comparison to age related controls. The postnatal adaptation 
and development of  both children was uneventful except for mild tachypnoea in 
one of  them which persisted till the age of  6 months. In both children, radiographs 
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revealed narrow upper half  of  the chest with shorter ribs and atypical configuration 
of  pelvis with horizontally running acetabula and coarse internal edges typical for 
ATD. Molecular analyses using whole exome sequencing in one family revealed 
that the patient is compound heterozygote in DYNC2H1 gene for a frame-shift 
mutation c.4458delT resulting in premature stop-codon p.Phe1486Leufs*11 and a 
missense mutation c.9044A>G (p.Asp3015Gly). The second family refused the DNA 
analysis. Regular monitoring of  anthropometric parameters during childhood is of  
big importance both in health and disease. In addition, measurement of  the chest 
circumference should be included, at least at birth and during infancy.

Introduction
Asphyxiating thoracic dysplasia (ATD, Jeune syndrome) is a rare skeletal disease 
belonging to the large group of  ciliopathies, disorders with primary impairment of  
cilia involved in the transduction of  signals in the hedgehog pathway that is especially 
important in skeletal development (Dagoneau et al., 2009; Huber and Cormier-
Daire, 2012).

On the molecular level, ATD represents a heterogeneous group of  genetic 
disorders with mutations in several genes including IFT80, DYNC2H1, TTC21B and 
WDR19 (Baujat et al., 2013). On the clinical level, ATD is characterized by short ribs 
resulting in narrow chest and reduced thoracic capacity, short long bones, inconstant 
polydactyly, and trident acetabular roof  sometimes accompanied by renal, liver and 
retinal disease (Dagoneau et al., 2009). The course of  the disease and the prognosis 
depend on the severity of  ribs shortening with the residual lung function, recurrent 
lung infections and secondary heart problems (Emiralioglu et al., 2018). Both severe 
and attenuated forms of  ATD were described, but the phenotype may differ even 
between siblings with the identical mutation in DYNC2H1 suggesting the impact of  
some modifier alleles or epigenetic factors (Schmidts et al., 2013a).

We report the results of  clinical and radiologic analyses in two children with 
attenuated type of  asphyxiating thoracic dysplasia, in one of  them due to mutations 
in DYNC2H1.

Methods
DNA was extracted from blood samples by Gentra PureGene Blood Kit (Qiagen, 
USA). Exome sequencing was performed using 1 µg of  DNA from patient 1 and 
both of  his parents. For DNA enrichment of  barcoded DNA libraries were used 
SeqCap EZ MedExome Target Enrichment Kit (Roche, USA) according to the 
manufacturer’s protocol. The Illumina Hiseq 2500 system at the Genomic facility in 
University Hospital Motol was used for DNA sequencing of  the captured barcoded 
DNA library. The resulting FASTQ files were aligned to the Human Genome 
Reference (hg19) using Novoalign (3.02.10) and processed as described previously 
(Chaloupka et al., 2018). Mutation identified in DYNC2H1 (ENSG00000187240, 
ENST00000398093) was confirmed by Sanger sequencing. Anthropometric 
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parameters in affected children were compared to large nation-wide anthropological 
survey of  Czech children (Vignerová et al., 2006).

Ethics
The study was approved by the Ethics Committee of  the General University Hospital 
in Prague and was conducted in agreement with institutional guidelines.  

Figure 1 – Radiographs of  the chest, pelvis, and hip joints in the boy (patient 1) with asphyxiating thoracic 
dysplasia due to heterozygous mutations c.4458delT (p.Phe1486Leufs*11) and c.9044A>G (p.Asp3015Gly) 
in DYNC2H1 gene at the age of  10 days (A1, B1) and 6 months (A2, B2). The rib cage is narrowed and 
elongated, ribs are shortened, running horizontally, their anterior ends are widened. The collar bones are 
positioned higher (A1, A2). The pelvis is dysplastic, iliac bones rounded, acetabular roofs are horizontal with 
pointed medial margins (B1, B2). The sciatic and pubic bones are shortened, sturdy with uneven widening at their 
junction. Both femoral necks are sturdy. Femoral heads have normal appearance and position, and there is a mild 
medial bowing of  the diaphysis of  both femurs.
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In members of  family 1, written informed consent for molecular analyses was 
obtained. The families have agreed with use of  the results including relevant clinical 
data and photographs for publication.

Patient 1
The parents, grandparents and older sister are healthy. The boy was born at term 
in the 40th week of  gestation with birth weight 3,230 g (40th percentile), length 
48 cm (10th percentile), head circumference 34 cm (35th percentile) and chest 
circumference 30.9 cm (–1.4 SD – standard deviation, gestation related controls 
33.4±1.9). The postnatal adaptation was uneventful except mild tachypnoea which 
persisted till the age of  6 months and was explained by boy’s narrow thorax. 
Radiographs of  the chest and pelvic girdle suggesting asphyxiating thoracic dysplasia 
are shown in Figure 1. At the age of  10 months (Figure 2), the boy had weight 
8,000 g (8th percentile), length 70 cm (10th percentile), head circumference 45 cm 
(25th percentile) and chest circumference 40.5 cm (–3.2 SD, age related controls 
48.1±2.4). At the age of  18 months, his weight was 10.5 kg (20th percentile), length 
78.5 cm (10th percentile), head circumference 47 cm (25th percentile) and chest 
circumference 43.5 cm (–3.3 SD, age related controls 50.0±1.8). His mental and 
motor development corresponded to his age and he had no tachypnoea or any 
other respiratory or heart problems including normal echocardiography.

Patient 2
The parents and grandparents are healthy. The girl was born in term, but prenatal 
sonography in the second trimenon revealed a disproportionate stature with some 
shortening of  both legs. Her birth weight was 3,300 g (55th percentile), length 

Figure 2 – The 10-months old boy (patient 1) with asphyxiating thoracic dysplasia and narrow chest 
circumference 40.5 cm (age related controls 46.7 cm) due to heterozygous mutations c.4458delT 
(p.Phe1486Leufs*11) and c.9044A>G (p.Asp3015Gly) in DYNC2H1 gene.
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47 cm (6.6th percentile) and head circumference 34 cm (40th percentile). Postnatal 
adaptation was uneventful, and she gained her weight properly. The results of  
neurologic investigation and sonography of  the brain and kidney were normal. 
At the age of  2 months, her weight was 4,170 g (30th percentile), length 53.5 cm 
(14th percentile), head circumference 36.5 cm (12th percentile) but the thorax was 
narrow with chest circumference 33 cm (–3.1 SD, age related controls 39.0±1.6). 
Radiographs of  the chest and pelvic girdle in the girl were compatible with the 
diagnosis of  asphyxiating thoracic dysplasia (Figure 3). The parents refused the 
diagnostics on a molecular level. According to the phone contact with the mother, 
the motor and mental development of  the girl is appropriate to her age and she has 
no respiratory problems.

Molecular analyses
The molecular analyses in the family 1 using whole exome sequencing revealed that 
the boy is compound heterozygote for two variants in DYNC2H1 gene: the frame-
shift mutation c.4458delT resulting in premature stop-codon p.Phe1486Leufs*11 
and mutation c.9044A>G (p.Asp3015Gly). Both parents are heterozygotes for 
one mutation. The maternally inherited mutation c.4458delT in exone 29 has been 
previously found in patient with short-rib polydactyly syndrome type III (Verma-
Naumoff syndrome, MIM# 263510) (Zhang et al., 2018). The second paternally 

Figure 3 – Radiograph of  the chest (A) and pelvis (B) in a 2-months-old girl (patient 2) with asphyxiating 
thoracic dysplasia. The rib cage is narrow and elongated, ribs are short and horizontal, their anterior ends are 
widened. The collar bones are positioned higher. The pelvis is dysplastic, iliac bones rounded; acetabular roofs are 
horizontal with pointed medial margins. The sciatic and pubic bones are shortened, sturdy with uneven widening 
at their junction. Both femoral necks are sturdy. Femoral heads have normal appearance and position, and there 
is a mild medial bowing of  the diaphysis of  both femurs.
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inherited mutation c.9044A>G in exone 57 has been previously found in several 
patients with ATD (Dagoneau et al., 2009; Schmidts et al., 2013a).

Discussion
Ciliary defects arising from mutations in genes encoding ciliary proteins lead 
to complex developmental disorders in human and other vertebrates, termed 
ciliopathies (Schmidts et al., 2013b). One type of  ciliopathies with skeletal 
involvement and short ribs with or without polydactyly is represented by a 
heterogeneous group of  diseases including asphyxiating thoracic dysplasia (ATD, 
Jeune syndrome), Verma-Naumoff syndrome (SRP type III), Majewski syndrome 
(SRP type II), Ellis-van Creveld syndrome (EVC), the Sensenbrenner syndrome, and 
Weyers acrofacial dysostosis (Huber and Cormier-Daire, 2012).

Molecular analyses in children with Jeune syndrome revealed mutations in several 
genes including DYNC2H1 encoding the cytoplasmic dynein 2 heavy chain 1 involved 
in the generation and maintenance of  cilia (Dagoneau et al., 2009) or genes involved 
in intraflagellar transport IFT80, IFT122, IFT43, WDR35, WDR19, TTC21B as well 
as in genes responsible for the basal bodies NEK1, EVC and EVC2 (Huber and 
Cormier-Daire, 2012). Especially mutations in DYNC2H1 seem to be the major gene 
responsible for ATD. For example, in the group of  53 patients with ATD including 
23 patients and 30 foetuses from 39 families, mutations in DYNC2H1 was found in 
59% of  cases (Baujat et al., 2013). Also in one of  our patients, mutations in DYNC2H1 
was found including a frame-shift mutation c.4458delT resulting in premature stop-
codon p.Phe1486Leufs*11 (Zhang et al., 2018) and a missense mutation c.9044A>G 
(p.Asp3015Gly) (Dagoneau et al., 2009; Schmidts et al., 2013a). The parents of  the 
second child with Jeune syndrome from our centre did not admit any eventual health 
problems in their child and did not agreed with molecular analysis.

Both our children with Jeune syndrome have a mild form of  the disease. They are 
clinically well regardless of  very narrow thorax with narrow chest circumference  
< 3 SD in comparison to healthy age-related controls, but neither of  them had any 
acute severe pulmonary infection, so far.

Conclusion
Regular monitoring of  the weight, length and head circumference during childhood 
is very important both in health and disease. In addition, measurement of  the chest 
circumference should be included, at least at birth and during infancy.
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Abstract: The GBS/ATM overlap is characterized by the simultaneous occurrence 
of  Guillain-Barré syndrome (GBS) and acute transverse myelitis (ATM), which 
are two neurological autoimmune disorders. In this context, cat scratch disease 
(CSD) was rarely reported combined with this overlap. An adult female presenting 
fever, back pain, inferior limb weakness, and anuria was admitted to our hospital. 
On the physical exam, a distended bladder and bilateral lymphadenopathy were 
observed. The neurological assessment revealed muscle weakness, plantar flexion, 
and hyporeflexia in right with absence in left. Also, she reported hyperalgesia in 
inferior limbs. Her blood pressure was fluctuating being in the majority of  the time 
hypertensive. A spinal cord MRI (magnetic resonance imaging) was suggestive 
of  transverse myelitis. Methylprednisolone was started. The cerebrospinal fluid 
showed 37.0 cells/mm3 of  white blood cell count, 49 mg/dl of  glucose, and 
50.7 mg/dl of  protein. Ceftriaxone and vancomycin were started. On further 
questioning, the subject stated that her finger was bitten by a cat about two 
weeks before the beginning of  the symptoms. Serological tests were positive for 
Bartonella henselae. Doxycycline and rifampin were started. After one-month, her 
symptoms improve but she continued with a radicular pain and weakness. An EMG 
(electroneuromyography) was suggestive of  demyelination. IVIG (intravenous 
immunoglobulin) was started. After IVIG 4-day, the patient had recovery of  her 
strength. To the authors’ knowledge, there are two case reports of  pediatric 
individuals linking CSD and GBS/ATM. Still, this association in an adult patient has 
not been reported until the present moment.
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Introduction
The GBS/ATM overlap is characterized by the simultaneous occurrence of  
Guillain-Barré syndrome (GBS) and acute transverse myelitis (ATM), which are 
two neurological autoimmune disorders (Guo and Zhang, 2019). Although they 
could have some similarities, these diseases have different clinical manifestations, 
histological, and pathological findings (Mao and Hu, 2014). In this context, cat scratch 
disease (CSD) was rarely reported combined with this overlap. To the authors’ 
knowledge, there are two case reports of  pediatric individuals linking CSD and 
GBS/ATM (Carman et al., 2013; Zakhour et al., 2018). Still, this association in an 
adult patient has not been reported until the present moment.

Case report
A 62-year-old female presenting fever, back pain, inferior limb weakness, and 
anuria within seven days of  onset was admitted to our hospital. Her comorbid 
condition was dyslipidemia, and she was in use of  simvastatin 20 mg once a day. 
Her family history was unremarkable for neurological diseases. On the physical 
exam, a suprapubic tenderness without guarding or rebound, which was suggestive 
of  a distended bladder; and bilateral cervical (1 cm and 1.5 cm) with axillary (2 cm) 
lymphadenopathy were observed. The neurological assessment revealed muscle 
strength in bilateral inferior limbs grade 2 according Medical Research Council 
scale, plantar flexion, and diminished reflex in right with absence in left. Also, she 
reported hyperalgesia in inferior limbs. Her blood pressure was fluctuating being 
in the majority of  the time hypertensive. Laboratory tests including urinalysis and 
urine culture were within normal limits. The subject was attended in the emergency 
department, and a urinary catheter was inserted, and it drained 1,500 ml of  clear 
urine.

A cranial computed tomography and a brain magnetic resonance imaging (MRI) 
were normal. A spinal cord MRI was suggestive of  transverse myelitis (Figure 1). 
Methylprednisolone, 30 mg/kg/day was started. The cerebrospinal fluid showed 
37.0 cells/mm3 of  white blood cell count, 49 mg/dl of  glucose, and 50.7 mg/dl of  
protein. Ceftriaxone and vancomycin were started.

On further questioning, the subject stated that her finger was bitten by a cat about 
two weeks before the beginning of  the symptoms. Serological tests were positive for 
Bartonella henselae (IgM 1:160 and IgG 1:512). The therapy regimen was changed to 
doxycycline 100 mg and rifampin 300 mg both twice a day.

After four weeks of  treatment, her symptoms improved but she continued with a 
radicular pain and weakness grade 3 in both legs. A second MRI of  the spinal cord 
showed resolution of  the transverse myelitis. An electroneuromyography revealed 
decreased motor nerve conduction velocity, prolonged distal motor latency, absent 
F waves, conduction blocks, and temporal dispersion in both peroneal and posterior 
tibial nerves. A diagnosis of  possible Guillain-Barré syndrome was done. Intravenous 
immunoglobulin (IVIG) 0.4 g/kg/day was started over 5 days. After the fourth day 
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Figure 1 – Neuroimaging showing features of  transverse myelitis, which is observed an area of  T2-weighted 
hypersignal in the distal portion of  the spinal cord. Sagittal T1-weighted (A), sagittal T2-weighted (B, E), sagittal 
T1-weighted SPIR (C), and axial T2-weighted magnetic resonance imaging.

A B C D

E

of  IVIG, the patient had recovery of  her strength. Her neurological examination 
showed grade 4 in both legs. The patient was discharged, and the follow-up was lost.

Discussion
Cat scratch disease (CSD) is caused by the proteobacterium Bartonella henselae. The 
most common type of  transmission is by scratch/bite from an infected cat or direct 
contact with cat saliva into mucosal surfaces (Florin et al., 2008). This infectious 
disease is typically self-limited and characterized by mild febrile illness with regional 
lymphadenopathy. However, it can affect the visceral organ, neurologic, and ocular 
structures. In this context, the study of  Salgado and Weisse (2000) demonstrated 
that three percent of  neurological involvement in patients with CSD, and the most 
frequent manifestation was encephalopathy. GBS and ATM have been related 
simultaneously or consecutively with CSD (Carman et al., 2013; Mao and Hu,  
2014).
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Table 1 – Case reports of patients with CSD who probably developed 
GBS/ATM overlap

References
Carman et al. 
(2013)

Zakhour et al. 
(2018)

Present  
case

Age(years)/sex 12/M 10/F 62/F

Clinical symptoms  
at presentation

fever, back and  
leg pain, anuria,  
and inferior  
limb weakness

abdominal pain, 
vomiting,  
and urinary  
retention

fever, back pain, 
inferior limb 
weakness,  
and anuria

Comorbidities and  
medications in use

NR none
dyslipidemia, 
simvastatin

Diagnosis 
Sequence

1st

2nd

3rd

GBS
ATM
CSD

ATM
CSD
GBS

ATM
CSD
GBS

CSF 
analysis

protein (mg/dl)
WBC (cells/mm3)
glucose (mg/dl)

1.9
–
52

55
58
46

50
37
49

CSD

animal cat cat cat

time since the  
bite until  
admission (days)

10 7 15

lymphadenopathy
bilateral  
cervical

left  
cervical

bilateral cervical, 
and axillary

serological tests
IgG 1:320,  
IgM 0

IgG 1:152,  
IgM 1:160

IgG 1:320,  
IgM 1:160

GBS
clinical symptoms hyporeflexia hyporeflexia

hyporeflexia  
and areflexia

EMG demyelinating mixed demyelinating

ATM

clinical  
symptoms

urinary retention, 
labile blood 
pressure

urinary  
retention

urinary 
retention, labile 
blood pressure

T2-weighted hyperintense hyperintense hyperintense

site T10–T12 long T12-below

contrast 
enhancement

yes NR yes

edema mild NR mild

brain MRI normal

abnormal, 
increased T2 signal 
in the left posterior 
periventricular and 
deep white matter

normal
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Management
sequence

1st IVIG
ceftriaxone and 
vancomycin

methyl- 
prednisolone

2nd methyl- 
prednisolone

rifampin and 
doxycycline

ceftriaxone and 
vancomycin, 
rifampin and 
doxycycline

3rd rifampicin,  
doxycycline

IVIG IVIG

Follow-up

1 month later, 
hyporeflexia, able 
to walk without 
assistance, normal 
spinal MRI

4 months later, 
only residual 
sensory deficits

–

ATM – acute transverse myelitis; CSD – cat scratch disease; EMG – electroneuromyography; F – female;  
GBS – Guillain-Barré syndrome; IVIG – intravenous immunoglobulin; M – male; MRI – magnetic resonance imaging;  
NR – not reported

Guillain-Barré syndrome (GBS) is an eponym for a group of  polyneuropathies 
that are acquired, acute, and immune-mediated. The most common form is the 
acute inflammatory demyelinating polyradiculoneuropathy, which accounts for at 
least 85% of  the cases, and it is characterized by symmetrical ascending weakness 
associated with hyporeflexia/areflexia (Cosi and Versino, 2006). In this way, acute 
transverse myelitis (ATM) is a spinal cord syndrome with a relatively rapid onset of  
motor, sensory, and autonomic findings. It is usually attributed to a demyelinating 
lesion following an infection or as a continuum of  inflammatory disorders such as 
multiple sclerosis (Berman et al., 1981). The superposition of  the acquired peripheral 
neuropathy (GBS) and the central nervous system myelitis (ATM) is a syndrome 
possible undiagnosed and is known as GBS/ATM overlap (Mao and Hu, 2014). 
Thus, overlap syndromes are defined as the association of  two conditions in a single 
subject.

Only a few cases of  patients with CSD who develop GBS/ATM overlap have been 
reported in the literature. We identified two cases after a thorough review of  the 
English-language published literature and we compared them with the present case 
(Table 1) (Carman et al., 2013; Zakhour et al., 2018). To the authors’ knowledge, 
these cases describe pediatric individuals. Thus, the present is the first to report the 
CSD-GBS/ATM in an adult individual. A literature search was performed in Embase, 
Google Scholar, Lilacs, Medline, Scielo, and ScienceDirect, using a set of  terms that 
included cat scratch disease, Bartonella henselae, Guillain-Barré syndrome, and acute 
transverse myelitis.

In the cases of  Table 1, the individuals had good outcomes with only residual 
symptoms. This could be supported by some clinical features such as the 
electrophysiologic findings and respiratory symptoms. The studies of  Mao and Hu 
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(2014), and Guo and Zhang (2019) showed that patients with better outcome have 
demyelinating findings on electrodiagnostic studies and do not need respiratory 
support throughout their hospitalization. It is worthy to note that sex, age, and the 
length of  spinal cord lesions were not significantly associated with poor outcome in 
their study (Guo and Zhang, 2019). Therefore, the subjects of  Table 1 are according 
to the published literature data.

GBS and ATM are considered neurological autoimmune disorders. Our hypothesis 
to explain the pathophysiology of  CSD associated with the GBS/ATM overlap is 
based on molecular mimicry. There are approximately thirty studies in the literature 
about the GBS/ATM overlap, so probably a relationship among the pathogens 
already described and this overlap can be suspected (Guo and Zhang, 2019). In 
the study of  Mao and Hu (2014), they state that maybe the overlap GBS/ATM 
may share more common etiologies and genetic backgrounds when compared 
with the other overlaps like the GBS and optic neuritis. In this way, probably the 
antecedent infection by the Bartonella henselae triggered the immune system to 
attack components of  the peripheral (PNS) and central nervous system (CNS) 
through molecular mimicry. Many studies have been unsuccessful in the attempt of  
explaining the mechanism of  GBS/ATM through the hypothesis that a pathogen 
elicits a common cascade of  events responsible by the occurrence of  both diseases 
(McDonald and Sadowsky, 2002; Mao and Hu, 2014; Guo and Zhang, 2019). Thus, 
it is possible that in rare cases the same pathogen provokes two separate processes 
simultaneously, which could result in two different diseases.

Conclusion
In conclusion, a thorough patient’s history should be obtained, and clinicians 
should be vigilant with the possible GBS/ATM overlap. In this way, it is essential to 
check the patient signs and symptoms throughout their hospitalization. We agree 
with the statement of  Guo and Zhang (2019) that the GBS/ATM overlap is often 
undiagnosed.
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Abstract: Hemangioma of  the small intestine is a rare vascular malformation 
which mostly presents as occult gastrointestinal bleeding and iron-deficiency anemia. 
Patients are often asymptomatic except of  fatigue due to anemia. Hemangiomas 
can arise anywhere in the luminal gastrointestinal tract, with jejunum as the most 
commonly involved site. They are very hard to recognize mostly due to their 
localization. Video capsule endoscopy and balloon-assisted enteroscopy have 
very much improved preoperative diagnostics and made major contribution to 
establishing the diagnosis – which was very difficult in the past and almost all 
cases were diagnosed during or after the operation. Surgical resection is still the 
conventional treatment modality, although with the improvement of  endoscopic 
therapeutic interventions (endoscopic mucosal resection, argon-plasma coagulation) 
there are more therapeutic possibilities.
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Introduction
We present two rare cases of  an adult male patients presenting with iron-deficiency 
anemia for longer period of  time and in whom after extensive work-up single small 
bowel hemangioma was found on video capsule endoscopy.

Case report 1
We present a case of  a 73-years-old male patient with evident iron-deficiency 
anemia, which was known for several years. Patient did not have black stools, 
he had no symptoms of  fatigue, and no hematemesis, hematochezia, abdominal 
pain or fever. He had not lost any weight through that period of  time. He was 
cardiac patient (PCI LAD years before) with known arterial hypertension, with 
antihypertensive therapy, anti-aggregation therapy and proton pump inhibitor for 
his chronic medical therapy. Also, he was taking iron oral supplements during past 
few years. In his family his father was diagnosed with gastric cancer. Our patient had 
several gastroscopies done in past few years – except Helicobacter pylori positive 
gastritis that was eradicated he had no other pathological findings.

Through day hospital comprehensive gastrointestinal workup was done: 
laboratory findings showed mild sideropenic, microcytic anemia, and results were 
negative upper and lower endoscopy and unsuspicious MR (magnetic resonance) 
enterography. Abdominal MSCT (multi-slice computed tomography) showed 
hypervascularization in one of  the small bowel loops and tumour was suspected. 
The patient was referred for small-bowel video capsule endoscopy.

Small-bowel video capsule endoscopy revealed bluish mucosal discoloration in 
terminal ileum which was very unusual. We performed retrograde single-balloon 
enteroscopy and found suspicious bluish vascular tumour-like structure 60 cm 

Figure 1 – Retrograde 
enteroscopy – tumour before 
taking biopsies.
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Figure 2 – Loop of  small intestine with tumour.

Figure 3 – Dilated tumoural blood vessels filled with erythrocytes, lined by a layer of  bland endothelial cells 
(hematoxylin and eosin, 100×).
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proximal of  ileocecal (Bauchini) valve (Figure 1). Pathohistological specimens were 
negative for tumour cells and exploratory laparoscopy was scheduled.

During the surgery a single ileal tumour was resected (Figure 2) and histologic 
report confirmed intestinal hemangioma 2×2 cm in size (Figure 3).

After surgery patient recovered quickly and his haemoglobin levels in time of  
months increased to normal and remained stable during first year of  follow-up.

Case report 2
Male patient, 63-years-old, was admitted to hospital because of  microcytic anemia 
which was recognized several months ago. He is only taking antihypertensive 
therapy, and his family history is negative for gastrointestinal or other tumours.

His main symptoms were constant fatigue and weakness in everyday normal life. 
His colonoscopy and gastroscopy were normal, without any pathology, and because 
of  sideropenia he received parenteral iron in 2 occasions. Because of  positive test 
for occult bleeding video capsule endoscopy was performed and it revealed polypoid 
bleeding lesion in distal third of  jejunum and oral third of  ileum. As anatomically this 
area of  small intestine cannot be reached with enteroscope patient was scheduled 

Figure 4 – A tumour composed of  numerous thin-walled vessels located within the small intestinal submucosa 
(hematoxylin and eosin, 25×).
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for surgery. Laparoscopic exploration was performed, and surgeons found 8 cm long 
tumour between jejunum and ileum. Tumour was resected with LL enteroenteral 
anastomosis.

Pathohistological diagnosis was hemangioma (Figures 4 and 5).
This patient also recovered quickly after the surgery with normalisation of  his 

hemoglobin and iron levels, with no more symptoms of  fatigue and weakness.

Discussion
We present two rare cases of  solitary small bowel hemangioma causing iron-
deficiency anemia in two adult male patients. Small bowel hemangiomas are rare and 
account for 7–10% of  all benign neoplasms of  the small intestine (Takase et al., 2017; 
Otani et al., 2018). Most patients present with abdominal pain and intestinal bleeding 
with iron-deficiency anemia. Rarely patients can present with intussusception, 
obstruction or perforation. Tumours can be solitary and multiple as a part of  the 
blue rubber-bleb syndrome, Maffucci syndrome and Klippel-Trenaunay syndrome. 
Its size may range from a few millimetres to several centimetres. Video capsule 
endoscopy has revolutionized the diagnostic approach to obscure gastrointestinal 

Figure 5 – Endothelial cells highlighted by the CD31 immunohistochemical stain (CD31, 100×).
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bleeding (Quentin et al., 2007; Pinho et al., 2008). It is a noninvasive imaging test 
which can be recommended when the source of  bleeding remains unidentified after 
upper and lower endoscopy. In our case VCE (video capsule endoscopy) found 
suspicious lesion of  the small intestine in two patients with long standing anemia. 
Enteroscopy which is invasive procedure can be both diagnostic and therapeutic 
tool. In our case it demonstrated suspicious finding in the small bowel (Durer et al., 
2018). Surgical laparoscopy with intestinal resection established the final histologic 
diagnosis and in the same time allowing definitive, curative treatment. Endoscopic 
interventions such as endoscopic mucosal resection (EMR), endoscopic sclerotherapy 
and argon-plasma coagulation (APC) are possible therapeutic options, but they might 
result in uncontrolled bleeding or perforation since intestinal hemangiomas originate 
from the submucosal layer and some of  them are transmural. So endoscopic 
interventions are preferred when multiple and/or small hemangiomas are present.

We present these two cases to motivate colleagues gastroenterologist/
endoscopist and surgeons to think of  and recognize this rare condition. It is also 
important to consider carefully indications for possible endoscopic treatment.
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Abstract: Gossypiboma refers to a retained foreign object that was forgotten 
in the body cavity during an operation. It is a rare surgical complication that 
most commonly occurs after intraperitoneal abdominal emergency surgical 
procedures, but may also occur after virtually any type of  operation. Gossypiboma 
can be confused with neoplastic lesions and abscess. Clinical examination and 
radiological findings may sometimes mislead the physician. We intend to present 
our cases, which is thought to be a kidney tumour and bladder cancer but resulted 
gossypiboma which is a condition that is caused by a forgotten sponge during 
the operation and it can mimic the cancer. During the operation, the team must 
work in coordination and be careful. Unnecessary operations in such situation can 
significantly increase the patient’s morbidity.
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Introduction
Gossypiboma is a rare situation caused by the forgetting a surgical sponge in the 
body cavities during a surgical operation and consequently by the reaction of  the 
body to foreign matter. The term “gossypiboma” is derived from the Latin gossypium 
(cotton wool, cotton) and the suffix -oma, meaning a tumour or growth, and 
describes a mass within a patient’s body comprising a cotton matrix surrounded by  
a foreign body granuloma (Alayo et al., 2010).

Although gossypiboma is a lesion that can mimic benign or malignant tumours or 
abscess, its diagnosis can usually be done years after the surgery. On the other hand, 
it is rarely reported for medicolegal reasons (Manzella et al., 2009).

“Emergency operation” and “poor communication” were stated as the risk factors 
of  forgetting a surgical sponge, which is the cause of  the gossypiboma (Wan et al., 
2009).

Patients may present with nonspecific symptoms that are the result of  a foreign 
body related inflammatory process, or they may be asymptomatic and be diagnosed 
incidentally (Dakubo et al., 2009).

Case report
Case 1
During routine controls of  a 74-year-old man, an approximately 5×5 cm in 
diameter mass lesion was detected in the middle pole of  the left kidney. The 
patient’s comorbidities included hypertension (HT), polycystic kidney disease 
and chronic renal failure (CRF). He had a history of  left open pyelolithotomy 
and cholecystectomy 20 years ago. MRI (magnetic resonance imaging) showed 
a 5.5×4.5 cm in diameter smooth contoured contrast enhanced lesion with an 
exophytic extension in the mid-lower section of  the left kidney (Figure 1). Left 

Figure 1 – A contrast-
enhanced magnetic 
resonance imaging scan  
of  lesion in the posterior pole 
of  the left kidney.
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Figure 3 – A contrast-enhanced computed tomography scan of  the lesion in the bladder anterior 
wall that induced to bladder.

Figure 2 – The macroscopic images of  pathological specimen.

partial nephrectomy was performed in the patient with suspicious appearance 
for malignancy. The macroscopic pathological specimen is shown in Figure 2. 
Microscopic examination of  partial nephrectomy material showed fibrinous material 
in the cytoplasm of  histiocytes, some of  which are multinucleated. The pathology 
report resulted as foreign body type chronic inflammatory granulation tissue. It was 
thought that was a result of  forgotten surgical sponge in the operation area due to 
open left pyelolithotomy 20 years ago.

Case 2
A 52-year-old woman presented with dysuria and frequent urination. The patient 
had no chronic disease. She had a history of  open cystolithotomy six years ago. 
Imaging showed a 45×42 mm in diameter heterogeneous contrast enhanced mass 
lesion in mesentery tissue in the bladder dome (Figure 3). Cystoscopic examination 
showed protruding and encrusted threads that might be a part of  impacted surgical 
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gauze at the dome of  the bladder. Pelvic exploration and foreign body removal 
were performed. Pathology results were reported as active chronic inflammation 
with foreign body type giant cells. It was thought that the patient was presented in 
this way due to the gauze that had been forgotten during an open cystolithotomy 
operation 6 years ago.

Discussion
Gossypiboma is not accurately reported for medico-legal reasons and its actual 
incidence is difficult to predict. However, there are publications indicating that the 
frequency is 1 in 4,000 (Kiernan et al., 2008). In another publication, it was reported 
that the ratio ranged from 1 in 1,000 and 1 in 300 cases in all surgical cases, and 
between 1 in 1,500 and 1 in 1,000 cases in intraabdominal cases (Lincourt et al., 
2007).

Complaints of  patients with gossypiboma depend on the inflammatory process of  
the body against foreign bodies (Dakubo et al., 2009). There are different responses 
in the early and late periods, depending on the forgotten material. In the early 
period, problems such as abscesses and infections occur, but in the late period, 
problems such as obstruction and chronic pain due to adhesions are encountered 
(Sakorafas et al., 2010). Gomes et al. (2017) described gossypiboma as a life-
threatening surgical site infection and stated that this might be a cause of  sepsis.

The patients can be completely asymptomatic and may be diagnosed incidentally, 
but gossypiboma may also appear with complaints similar to intestinal obstruction, 
intestinal fistula, malabsorption syndrome or diffuse peritonitis (Iglesias and 
Salomao, 2007). It’s been stated that gossypiboma is a lesion that can mimic benign 
or malignant tumours and abscess (Manzella et al., 2009). In one of  the cases we 
presented, the patient was completely asymptomatic and underwent surgery with a 
preliminary diagnosis of  renal tumour. In the other case, the patient presented with 
lower urinary tract symptoms and was diagnosed with cystoscopy.

Parashari et al. (2012) stated that gauze forgetting is an important and preventable 
cause of  morbidity. In a review of  254 patients published by Wan et al. (2009), it 
was concluded that the most important predisposing factors of  gauze forgetting are 
“emergency operation” and “poor communication”. When we look at these studies, 
gossypiboma is a widely preventable condition in the literature and is the result of  an 
absolute human error.

Gossypiboma is not a frequently diagnosed lesion and requires clinician’s suspicion 
(Apter et al., 1990). In patients with long-standing nonspecific symptoms, the history 
of  the patient should also be questioned and especially if  there is a history of  
previous surgery, gossypiboma should be considered (Karasaki et al., 2013; Rehman 
et al., 2014).

Gossypiboma appears as a spongy structure with characteristic gas bubbles in 
radiological examinations. Calcification and contrast enhancement may also occur in 
the lesion wall (O’Connor et al., 2003).
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In the medicolegal aspect, gossypiboma is a medical negligence and it can be 
avoidable. In the surgeon’s side it can cause humiliation, mental suffering or maybe 
charges for malpractice. In the patients side it may cause increased morbidity or 
mortality and this situation can cause medical and legal problems between surgeon 
and patients (Biswas et al., 2012).

The final treatment of  gossypiboma is described as surgical operation and removal 
of  foreign body. Today, the gauze count is shown as the gold standard to prevent 
gossypiboma and to avoid from gauze forgetting (Rehman et al., 2017).

Conclusion
Gossypiboma is an unpleasant condition that occurs due to a forgotten foreign body 
in the body during operation. It sometimes causes no symptoms at all, and in some 
cases mimics the tumour, may cause indeterminate pain in patients, and may be the 
cause of  sepsis and cause of  death.

When the diagnosis of  gossypiboma is made, the absolute solution is the removal 
of  the foreign body with surgery and the gauze must be counted in every operation 
to prevent gossypiboma. The best approach to prevent such problems requires 
the operation team to have appropriate communication with each other to avoid 
situations that cause inattention.
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