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A B S T R A C T   

Congenital myasthenia syndromes (CMS) are a heterogeneous group of hereditary disorders of the 
neuromuscular junction. The symptoms include fatigue, muscle weakness, ptosis, mastication or 
swallowing problem, respiratory distress. We present a 42-year-old male patient who was 
admitted with complaints of paroxysmal limb weakness for 25 years and got repeated apnea crisis 
due to using AchE inhibitors. We considered this patient to be COLQ-related CMS because of two 
types characteristics. One is the symptom will deteriorate or non-responsive after giving AchE 
inhibitors and the other is repeated compound action potentials may appear after one current 
stimulation. At last we confirmed the diagnosis by genetic testing. It is a rare CMS case caused by 
homozygous mutation in the COLQ gene which occurred at late adolescence. Our case demon
strates that for those serum-negative MG patients, CMS gene mutation screening should be 
considered, especially if the patient has an symptom onset of childhood and adolescence.   

1. Introduction 

Congenital myasthenia syndromes (CMS) are a heterogeneous group of hereditary disorders of the neuromuscular junction that are 
caused by mutations in proteins involved in the organization, maintenance, function, or modification of the motor endplate. CMS 
mostly occurs in neonatal/infant and children, but rarely occurs in adolescence [1]. The hallmark symptom is fatigable muscle 
weakness, ptosis, mastication or swallowing problem, respiratory distress, scoliosis [2]. 

Endplate acetylcholinesterase(AchE) deficiency is an autosomal recessive inherited CMS caused by mutations in colq，which 
results in impaired anchoring of cholinesterase in the synaptic space due to denaturation of COLQ protein. The cholinesterase in the 
synaptic space is relatively lacking and the retention time of acetylcholine in the synaptic space is prolonged, which make cholinergic 
hyperexcitement eventually lead to endplate myopathy [3]. COLQ-related CMS have two types characteristics, one is the symptom will 
be deteriorated or non-responsive after giving AchE inhibitors, while salbutamol and ephedrine have good effect for some patients. The 
other one is the post-synaptic membrane continues to be excited, repeated compound action potentials (R-CMAP) may appear after one 
current stimulation [4]. Herein, we will report a rare case of a male with CMS caused by homozygous mutation in the COLQ gene which 
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occurred at late adolescence, who got repeated apnea crisis due to using AchE inhibitors. 

2. Case report 

2.1. History of present illness 

A 42-year-old male patient was admitted with complaints of paroxysmal limb weakness for 25 years. When the patient was 17 years 
old, he had weakness in both lower limbs for the first time, he couldn’t walk stable, fall down occasionally, and could not stand up after 
squatting down. Paroxysmal limb weakness occurred intermittently in the past 20 years, which can be induced by cold and fatigue, and 
can be completely relieved after resting. He was diagnosed of myasthenia gravis (MG) in other hospital. After giving pyridostigmine 
bromide and a small dose of hormone, the muscle strength was slightly relieved in the first week, Later the weakness symptoms 
aggravated sharply because of the pneumonia. The patient developed apnea crisis, and was transferred to the Intensive Care Unit for 
the next 2 months. A tracheotomy was done and he was treated with IVIG, and then he recovered gradually, but rapidly apnea crisis 
reappeared again. 

2.2. Previous history and physical examination 

The patient had a scoliosis shortly after birth, walked with his head down spontaneously when he was young. His shoulders were 
tilted when he was 5 years old, and his sports performance was moderate when he was young. His two cousins had a history of 
paroxysmal limb paralysis and were relieved by Chinese medicine treatment. 

Physical examination revealed bilateral ptosis and ophthalmoplegia, scolisis, oblique shoulder and pigeon chest. On strength 
testing, the deltoids, biceps, triceps, and hip flexors were 3/5 bilaterally; finger/wrist/knee flexors and extensors, foot dorsiflexion, 
plantar flexion and hand intrinsics were 4/5 bilaterally. The muscle tension was reduced and the reflexes were bilateral symmetric. No 
obvious atrophy of bilateral muscles was noted. He had dyspnea, \the oxygen saturation was 98% with nasal catheter oxygen 
inhalation. 

2.3. The process of diagnosis and treatment 

His neuromuscular junction antibodies LRP4, AchR, MuSK and Titin of serum were negative. Because of his weakness, we increased 

Fig. 1. Schematic diagram of a ColQ strand (A) and of the A12 species of acetylcholinesterase (B) with the 11 published pathogenic variants 
mutations in the N-terminal region and the mutation described in this study (red). PRAD = proline-rich attachment domain. HSPBD = heparan 
sulfate proteoglycan binding domain. 
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the pyridostigmine 60mg Q6h to 60mg Q4h, which worsened his weakness. Therefore, we did motor nerve conduction test in elec
tromyogram and found the right median nerve and bilateral tibial nerves showed R-CMAP (74.4% decreasing in the second CMAP 
compare to the first). So we thought COLQ-mutation congenital myasthenic syndrome and slow channel syndrome are most likely 
diagnosis. Afterward, we stopped the administration of pyridostigmine and gave him salbutamol 4mg bid and fluoxetine 20mg qd for 
two subtypes of possible CMS. About 2 weeks later, his weakness improved and could walk normally and had normal muscle strength. 
The whole exome sequence and Sanger sequencing test revealed homozygous pathogenic mutation, C.175C＞T（p.pro59ser, P59S）in 
COLQ gene a month later，as shown in Fig. 1(A、B). So we stopped administration of fluoxetine and just gave him salbutamol 4mg 
bid. In the last year the patient felt well and not get worse in winter. 

3. Discussion 

COLQ mutations cause endplate AchE deficiency is a relatively common type of CMS, which rank only second to the acetylcholine 
receptor gene CHRNE and the receptor-associated synaptic protein RAPSN gene mutations. It accounts for about 10–15% of CMS [5]. 
The endplate species of AchE is a heteromeric asymmetric enzyme composed of one, two, or three homotetramers of globular catalytic 
subunits (AchET) anchored to the synaptic basal lamina by ColQ, a triple-stranded collagenic tail(Fig. 1B). ColQ was encoded by the 
gene COLQ and contained an N-terminal proline-rich attachment domain(PRAD), a collagenic central domain, and a C-terminal region 
enriched in charged residues and cysteines(Fig. 1A). Each ColQ strand can bind an AchET tetramer to its PRAD [5] and form a tight 
coiled-coil assembly in which four alpha helical T-peptides form a cylinder around a PRAD [6]. Mutations in the N-terminal domain 
prevent the collagen domain from associating with the catalytic subunits [2]. 

It is the first time reported that the P59S(Fig. 1A and B) of homozygous mutation can lead to COLQ-CMS, just compound het
erozygous mutations（P59S and C451S）have been reported [7](Table .1). As an important site in PRAD, the mutation replaces 
proline in PRAD with glutamine, reduces the amount of proline in PRAD, and may also change the spatial conformation of PRAD, 
significantly reduces the adhesion to cholinesterase, which led to symptoms of muscle weakness. This phenomenon was verified in the 
same locus homozygous mutations (P59Q) in some studies [2,8]. 

On the other hand, as a homozygous mutation in this case, it present in late adolescence, this is very rare. In reviewing the previous 
cases, only 5 cases which occurred at adolescence were found[ [7,9–12]](Table .1). As shown in Table 1, most of these cases are caused 
by C-terminal mutations. Previous studies shows that severely affected patients with mutations that abolish enzyme activity present in 
infancy, while less severely affected patients with residual enzyme activity present in childhood and become disabled later in life [2]. 
Most mutations in the C-terminal domain reduce ColQ expression or prevent the triple helical assembly of the collagen domain [2], but 
will not affect the connection between ColQ and cholinesterase, and can keep some functions of ColQ, so only have a relatively light 
impact on patients. However, the P59S homozygous mutation is found in the PRAD site, we speculated that the ColQ protein with P59S 
mutation still has several functions, and retains the adhesion to cholinesterase, so there is still a certain amount of cholinesterase in the 
synaptic space. And the acetylcholine function in the synaptic space can be recovered more quickly to normalsitulation, which is the 
reason why the patient’s symptoms quickly recovered after stopping the AchE inhibitor. Although our patient was soon given sal
butamol, yet the effect of salbutamol took several months to appear. Therefore, it can be speculated that AchE inhibitors have a 
significant effect on worsening symptoms in similar patients. This is closely related to another clinical feature of the patient. The 
patient repeatedly developed muscle weakness symptoms in winter. When the temperature decreased, the symptoms gradually 
appeared. As we know, low temperature can inhibit the activity of AchE, the effect is similar to using AchE inhibitors and this is 
consistent with the principle of the ice water experiment [13], which can also explain that the P59S mutation still retains certain 
cholinesterase function in endplate from the side. 

Another article also reported a case with homozygous mutations in P59Q which occurred at 2 years old, but most of the data were 
incomplete [8]. The same mutations can cause the different onset age and different severity of clinical symptoms. It has also been found 
in other mutation subtypes and families of COLQ. In the patients with Tyr430Ser homozygous mutation, it can be found that the onset 
age ranged from 1 to 10 years old [11](Table .1). Although the patients in this article did not find any muscle weakness before 17 years 
old, yet the patient had scoliosis and pigeon chest which occurred earlier than the weakness syndrome. It has been found that some 
CMS patients may have severe scoliosis[ [11,14]](Table .1)，and microcephaly has also been reported [15]. The skeletal dysplasia will 
have an important role in the diagnosis of CMS, especially in adult patients who was misdiagnosed of MG, because these changes are 
not available on MG. This patient has severe scoliosis accompanied by pigeon breast. Scoliosis is found in many cases, but the pigeon 
breast is rarely reported in previous articles. As a clinical sign with obvious genetic factors, it should be paid more attention. 

Table 1 
Clinical data of the 6 patients with COLQ mutation which occurred at adolescence were found.  

Sex Age of onset(year) Family History Motor Weakness Respiratory crises Reaction of AchE inhibitors Gene 

M 12 Y Y N ND ND [9] 
F 12 ND Y ND ND Y440D and I447 M [10] 
M 10  Proximal/axial/distal/neck N ND p.C427C (c.1281C > T) 

Homozygote [7] 
F 10 ND Proximal/Scoliosis N ND Y430S Homozygous [11] 
F 12 Y Proximal N ND R410W Homozygous [12] 
M 17 Y Proximal/axial/distal/neck Y worse P59Q Homozygous 

M，male; F，female; Y，yes; ND，no date; N, no. 
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Misdiagnosis occurred in 94% of the adult patients with CMS. Despite the average age at symptom onset is 1 year, the diagnosis of 
CMS in the pediatric population was usually delayed to the average age of 4 years [16]. Compared with children’s CMS, adult CMS 
patients have mild weakness, so the diagnostic delay is longer. A retrospective study of the Mayo Clinic’s found that the average delay 
of adult CMS is 30 years [17]. Our patient was also diagnosed 25 years after symptom onset, and due to the inappropriate diagnosis and 
treatment, repeated crisis were occurred. So it has extremely important clinical significance with the correct diagnosis of CMS in adults 
with muscular weakness. For those serum-negative MG patients, CMS gene mutation screening should be considered, especially if the 
patient has an symptom onset of childhood, a positive family history, R-CMAP or the symptoms aggravated or lack of beneficial effects 
by using pyridostigmine, the skeletal dysplasia such as scoliosis and pigeon breast. 

4. Conclusion 

In this report, we first time reported the P59S of homozygous mutation can lead to COLQ-CMS, which is presented in late 
adolescence. Timely diagnosis, decidedly removal of the AchE inhibitors and reversed myasthenia rapidly. For those serum-negative 
MG patients, CMS should be considered as an important differential diagnosis. 
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