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What @s already known on th@s top@c? 

3M syndrome )s a rare autosomal recess)ve d)sorder. It )s character)zed by short stature, )ntrauter)ne growth retardat)on, low b)rth we)ght, 

dysmorph)c fac)al features, and skeletal dysplas)a. 3M syndrome )ncludes three subtypes: type 1 w)th CUL7 gene mutat)ons, type 2 w)th 

OBSL1 gene mutat)ons, and type 3 w)th CCDC8 gene mutat)ons, account)ng for approx)mately 77.5%, 16%, and 5%, respect)vely. There )s 

no spec)f)c therapy for the d)sease. The effect)veness of growth hormone therapy for 3M syndrome )s controvers)al. 

 

What th@s study adds? 

The c.427dupG mutat)on )s a novel OBSL1 var)ant. The c.458dupG mutat)on has been documented only )n Ch)nese )nd)v)duals, wh)ch 

)nd)cates ethn)c spec)f)c)ty. We summar)zed the phenotype and var)ants )nformat)on of 5 Ch)nese pat)ents w)th c.458dupG mutat)on )n the 

OBSL1 gene. The c.458dupG mutat)on )n the OBSL1 gene m)ght be a hotspot mutat)on )n the Ch)nese populat)on. 

 

Abstract 

3M syndrome )s an autosomal recess)ve d)sorder character)zed by short stature and skeletal developmental abnormal)t)es. In th)s study, a 

Ch)nese pat)ent w)th 3M syndrome was presented. A novel OBSL1 (obscur)n-l)ke 1 gene) var)ant was found. The pat)ent )s a 2-year-old g)rl 

who presented w)th short stature and had )ntrauter)ne growth retardat)on and low b)rth we)ght. Gene analys)s revealed compound 

heterozygote mutat)ons )n the OBSL1 gene: c.458dupG (p.L154Pfs*100) and c.427dupG (p.A143Gfs*111). The c.427dupG mutat)on )s 

novel. The c.458dupG mutat)on has been documented )n 5 cases, occurr)ng only )n Ch)nese )nd)v)duals, )nd)cat)ng ethn)c spec)f)c)ty. In cases 

of short-statured ch)ldren present)ng )ntrauter)ne growth retardat)on, low b)rth we)ght, and skeletal developmental abnormal)t)es, 3M 

syndrome should be cons)dered. The c.458dupG mutat)on m)ght be a hotspot mutat)on )n the Ch)nese populat)on. 
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Introduct@on 

3M syndrome (MIM #273750, 612921, 614205) )s a rare autosomal recess)ve d)sorder, wh)ch was f)rst reported by M)ller JD, McKus)ck VA, 

and Malvaux P (1). 3M syndrome )s character)zed by short stature, dysmorph)c fac)al features, and skeletal dysplas)a. 3M syndrome exh)b)ts 

genet)c heterogene)ty. Based on d)fferent causat)ve genes, )t can be categor)zed )nto three subtypes: type 1 w)th CUL7 gene mutat)ons, type 2 

w)th OBSL1 gene mutat)ons, and type 3 w)th CCDC8 gene mutat)ons, account)ng for approx)mately 77.5%, 16%, and 5%, respect)vely. 

Add)t)onally, about 1.5% of 3M cases have not yet been related to a def)n)t)ve causat)ve gene, suggest)ng a complex pathogen)c 

mechan)sm(2). The OBSL1 gene cons)sts of 22 exons w)th three spl)ce var)ants des)gnated as OBSL1A, B, and C. Its encoded obscur)n-l)ke 

prote)n 1 (OBSL1), wh)ch )s d)str)buted )n the cell membrane and enc)rcl)ng the nucleus, funct)on)ng as a cytoskeletal adaptor prote)n that 

connects the cell )nter)or to the cell membrane, contr)but)ng to the stab)l)ty of the cell's cytoskeletal network. Approx)mately 200 cases have 

been reported to date, w)th only 24 cases )n Ch)na. Among them, type 2 has been reported )n over 50 pat)ents worldw)de, w)th only 9 cases )n 

Ch)na.  

In th)s study, we reported and analyzed the cl)n)cal and molecular man)festat)ons of a Ch)nese pat)ent w)th 3M syndrome type 2 (OMIM 

610991) caused by OBSL1 gene mutat)ons )n our hosp)tal. We also rev)ewed relevant l)terature and summar)zed the other 5 Ch)nese pat)ents 

w)th the same mutat)on )n the OBSL1 gene. 

Case report 

The pat)ent was a 2-year and 11-month-old g)rl w)th nonconsangu)neous parents. She was referred to our hosp)tal due to her short stature. 

She was born at 38 weeks of gestat)on. Her b)rth we)ght, length, and head c)rcumference were 2.0kg (-3.1SD), 42 cm (-3.8SD), and 34 cm. 

Prenatal exam)nat)ons at f)ve months of gestat)on )nd)cated )ntrauter)ne growth retardat)on, w)th shorter-than-expected femur length for the 

gestat)onal age. The mother had undergone an art)f)c)al abort)on dur)ng her f)rst pregnancy (G1P0) due to a d)agnos)s of short femur length.  

At presentat)on, the pat)ent's body we)ght was 9.6 kg (-3.6SD), and her he)ght was 79 cm (-3.8SD). Serum basal )nsul)n-l)ke growth factor-

1(IGF1) and IGF b)nd)ng prote)n-3 (IGFBP3) levels were 186 ng/mL (reference range: 51-303 ng/mL), 4.86 μg/mL (reference range: 0.8-3.9 

μg/mL). GH st)mulat)on test was normal, w)th a peak growth hormone level of 8.4 ng/mL. Rad)ograph)c exam)nat)ons showed normal bone 

age, tubular bones, and vertebral bod)es.  

Recomb)nant human GH (rhGH) therapy was g)ven over the 5-year. The pat)ent's he)ght has )ncreased by approx)mately 4 cm per year. 

Currently, when the pat)ent was 7 years 6 months old, her we)ght was 19.0 kg (-1.7SD), and her he)ght was 108 cm (-3.2SD), and she 

ma)nta)ns normal )ntellectual development. 

Genet@c Analys@s 

Next-generat)on sequenc)ng (NGS) was performed dur)ng the 7-year follow-up of the pat)ent. Based on NGS analysis, two mutations, 

c.458dupG and c.427dupG, were detected in the OBSL1 gene. The c. 458dupG var)ant )s )n located )n exon 1, result)ng )n a change )n the p. 

L154Pfs*100 am)no ac)d res)due. Th)s )s a framesh)ft mutat)on that causes premature prote)n translat)on term)nat)on. Accord)ng to the 

standards of Amer)can College of Med)cal Genet)cs (ACMG) cr)ter)a, th)s mutat)on )s cons)dered pathogen)c (PVS1+PM3_Strong) and has 

been reported )n cl)n)cal cases. The c. 427dupG var)ant )s also located )n exon 1, caus)ng a change )n the p. A143Gfs*111 am)no ac)d res)due. 

Th)s )s also a framesh)ft mutat)on that leads to premature prote)n translat)on term)nat)on. Accord)ng to the ACMG standards, th)s mutat)on )s 

cons)dered pathogen)c(PVS1+PM2+PM3(Trans)). It )s a newly )dent)f)ed mutat)on w)th a very low populat)on frequency of 0.0000097. The 

patient carries compound heterozygous mutations in two pathogenic genes, resulting in premature protein translation termination, altered 

protein function, and associated clinical syndrome. Sanger validation of the variant gene is shown in Figure 1. Moreover, the am)no ac)ds )n 

pos)t)ons 154 and 143 are h)ghly conserved among d)fferent spec)es (F)gure 2). 

D@scuss@on 

We reported the cl)n)cal and genet)c features of a 3M syndrome type 2 case. The cl)n)cal man)festat)ons of 3M syndrome lack spec)f)c)ty and 

predom)nantly )nvolve short stature w)thout accompany)ng )ntellectual )mpa)rment. In 2009, Hanson, Dan, et al. )dent)f)ed 10 cases w)th 3M 

syndrome who d)d not carry mutat)ons )n the CUL7 gene. These ten )nd)v)duals showed no d)scern)ble cl)n)cal d)st)nct)ons compared to 

pat)ents w)th CUL7 gene mutat)ons. Through h)gh-dens)ty genome-w)de SNP mapp)ng, a second gene at 2q35-q36.1 was )dent)f)ed. Th)s 

study reported seven mutat)ons )n OBSL1 gene for the f)rst t)me, )nclud)ng c.690)nsC (p. E231RfsX23), c.1149C→A (p.C383X), c.1273)nsA 

(p. T425NfsX40), c.1256_1265delGCACCGTGGC (p. R419PfsX10), c.1359)nsA (p. E454RfsX11), c.1463C→T (p.R489X), and 
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c.2034_2035 del)nsA (p.H679TfsX40). All these mutat)ons were found w)th)n the f)rst s)x exons of the gene(3). 

3M syndrome pat)ents man)fest )ntrauter)ne growth retardat)on and short stature. In th)s study, the pat)ent's pr)mary presentat)on was short 

stature, along w)th )ntrauter)ne growth retardat)on, low b)rth we)ght, and reduced b)rth length. In contrast, head c)rcumference at b)rth 

rema)ned w)th)n the normal range. These observat)ons al)gn w)th the establ)shed cl)n)cal character)st)cs of 3M syndrome. Most 3M syndrome 

pat)ents demonstrate normal growth hormone levels, and exh)b)t expected responses )n growth hormone st)mulat)on tests. A m)nor)ty m)ght 

d)splay )nadequate st)mulat)on test results. The peak growth hormone response for our pat)ent )n th)s study was measured at 8.4 ng/mL, and 

the IGF-1 level was average. Accord)ng to the latest gu)del)nes(4), th)s outcome rules out the growth hormone def)c)ency (GHD), )nd)cat)ng 

normal growth hormone secret)on. 

All three subtypes of 3M syndrome may have a character)st)c face, w)th m)n)mal d)spar)t)es among the subtypes. These features )nclude a 

tr)angular face, pronounced forehead, flat nasal br)dge, a round nasal t)p, anter)orly t)lted nostr)ls, elongated ph)ltrum, th)ck l)ps, and 

prom)nent ch)n. Pat)ents' dysmorph)c fac)al features tend to be less not)ceable when they grow up (5). In our study, the pat)ent exh)b)ted a 

pronounced forehead, flat nasal br)dge, and full round nasal t)p at ten months of age (F)g. 3A). By the age of 5 years, the pronounced 

forehead and depressed nasal br)dge were less not)ceable (F)g. 3C). These f)nd)ngs emphas)ze the )mportance of cl)n)c)ans keenly observ)ng 

a ch)ld's fac)al appearance dur)ng the)r early years, wh)ch can a)d )n the prompt )dent)f)cat)on of th)s cond)t)on and subsequently fac)l)tate 

t)mely genet)c test)ng for a def)n)t)ve d)agnos)s. 

3M syndrome can exh)b)t skeletal developmental abnormal)t)es such as cl)nodactyly of the f)fth f)nger, prom)nent heels, calf muscle 

protrus)on, square shoulders, short neck, shortened chest cav)ty, reduced chest c)rcumference, w)nged scapula, and anter)or sp)nal protrus)on. 

However, the pat)ent )n th)s study d)splayed m)lder cl)n)cal symptoms w)thout the features ment)oned above. 

In most 3M syndrome pat)ents, skeletal X-ray assessments commonly reveal elongated tubular bones and tall vertebral bod)es. 

Approx)mately 90% of pat)ents d)splay d)st)nct character)st)c alterat)ons, )nclud)ng an elevated vertebral body he)ght and a reduced anter)or-

poster)or d)ameter. These alterat)ons are espec)ally not)ceable )n the lumbar vertebrae. Tüysüz et al. analyzed 19 pat)ents w)th 3M syndrome 

and found that tall vertebral bod)es are more pronounced )n ch)ldren aged s)x years and older as well as )n adults(6). Our pat)ent )n th)s study 

d)d not man)fest the character)st)c vertebral changes, poss)bly due to her young age. 

The OBSL1 gene )s located at 2q35 and cons)sts of 22 exons w)th three spl)ce var)ants des)gnated as OBSL1A, B, and C. Its encoded 

product, obscur)n-l)ke prote)n 1 (OBSL1), compr)ses 1896 am)no ac)d res)dues and )s expressed )n var)ous cell types, )nclud)ng myocard)um, 

skeletal muscle, bra)n t)ssue, and )ntervertebral d)scs. OBSL1 )s d)str)buted )n the cell membrane and enc)rcles the nucleus, funct)on)ng as a 

cytoskeletal adaptor prote)n that connects the cell )nter)or to the cell membrane, contr)but)ng to the stab)l)ty of the cell's cytoskeletal network. 

More than 45 )dent)f)ed mutat)ons )n the OBSL1 gene have been documented )n the HGMD database. The reported mutat)on types )nclude 

m)ssense, nonsense, framesh)ft, delet)on, and )nsert)on mutat)ons. N)ne framesh)ft mutat)ons have been reported. (c.35dupC, c.458dupG, 

c.690dupC, c.1039dupC, c.1125dupT, c.1260dupC, c.1273dupA, c.1359dupA, and c.2086_2088dupGGC). Our case carr)es two mutat)ons, 

c.458dupG (p. L154Pfs*100) and c.427dupG (p. A143Gfs*111). The two mutat)ons are both framesh)ft mutat)ons )n exon 1, wh)ch lead to 

premature term)nat)on of prote)n translat)on. The c.458dupG framesh)ft mutat)on has been documented )n 5 cases (Table 1), all occurr)ng )n 

Ch)nese )nd)v)duals(7–10), wh)ch )nd)cated ethn)c spec)f)c)ty. It may have the potent)al to be a hotspot mutat)on )n the Ch)nese populat)on.  

L)ttle )s known about the mechan)sm underly)ng the short stature of 3M syndrome. The GH-IGF1 ax)s )n 3M syndrome appears normal, so 

the poss)b)l)ty of alternat)ve pathways ex)sts to )nduce abnormal)t)es )n growth plate chondrocyte development. Research on pathogenes)s 

was mult)faceted. In 2009, Huber et al. revealed h)stolog)cal alterat)ons )n the growth plate of embryon)c t)b)a )n )nd)v)duals w)th 3M 

syndrome(11). The researchers )dent)f)ed enlarged chondrocyte volume and )ncreased dens)ty )n both the rest)ng and prol)ferat)ve zones of 

the growth plate, accompan)ed by )mpa)red extracellular matr)x synthes)s compared to normal cells. A separate )nvest)gat)on )n 2013 

proposed that the absence of autocr)ne IGF-II funct)onal)ty w)th)n the growth plates of ch)ldren w)th 3M syndrome m)ght contr)bute to the)r 

reduced stature(12). Subsequently, )n 2014, Yan et al. unve)led the collaborat)ve )nteract)on among the prote)ns CUL7, OBSL1, and CCDC8, 

wh)ch form the 3M complex. OBSL1 acts as a br)dg)ng element between CUL7 and CCDC8. The funct)on of the 3M complex )s to uphold 

the )ntegr)ty of m)crotubules — an essent)al aspect of m)tos)s and cytok)nes)s, cruc)al for normal cellular development (13). Notably, the 

study demonstrated that )nd)v)dual knockout of CUL7, OBSL1, and CCDC8 genes d)dn't exacerbate cond)t)ons l)ke m)tot)c delay, 

emphas)z)ng the)r coord)nated role w)th)n the same pathway. That may be why three subtypes of 3M syndrome exh)b)ted closely s)m)lar 
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cl)n)cal presentat)ons. In a subsequent study by Pu et al. )n 2019, )t was d)scovered that phosphorylated CCDC8 prote)n fac)l)tated the 

format)on of the 3M complex, prompt)ng )ts relocat)on to the cell membrane. Once formed, the 3M complex )n)t)ated the ub)qu)t)nat)on-

med)ated degradat)on of LL5β. D)sturbance )n th)s process could g)ve r)se to altered m)crotubule dynam)cs, comprom)s)ng cell m)grat)on and 

d)fferent)at)on(14). 

There )s no spec)f)c therapy for the d)sease. The effect)veness of growth hormone therapy for 3M syndrome type 2 )s controvers)al. Some 

researchers suggest that desp)te normal growth hormone levels, some ch)ldren w)th 3M syndrome exh)b)t )nadequate growth hormone 

st)mulat)on, warrant)ng growth hormone treatment. Kesk)n et al. reported a case of 3M syndrome type 2 treated w)th recomb)nant human 

growth hormone for s)x months at a dose of 7.5 IU/kg per week, result)ng )n a growth )ncrement of 7 cm and a sat)sfactory growth rate (15). 

Clayton et al. )nvest)gated the response to recomb)nant human growth hormone treatment )n 6 )nd)v)duals ()nclud)ng four pat)ents who 

carr)ed the mutat)on )n the OBSL1 gene). They found a small but s)gn)f)cant )ncrease )n growth rate and he)ght growth compared to the 

control group(16). However, some case reports )nd)cate the )neffect)veness of growth hormone treatment. Dem)r et al. reported a ch)ld w)th 

homozygous OBSL1 gene mutat)on (c.457_458del)nsT) who underwent one year of growth hormone treatment (dosage not ment)oned), 

result)ng )n a mere 3 cm he)ght )ncrease(17). Our pat)ent rece)ved approx)mately f)ve years of growth hormone treatment, ach)ev)ng a he)ght 

)ncrease of 4 cm per year w)th moderate effect)veness.  

Due to the pat)ent's average )ntell)gence, the prenatal d)agnos)s of 3M syndrome rema)ns debatable. For those w)th a fam)ly h)story or 

parents who are carr)ers of conf)rmed pathogen)c genes and w)sh to have an unaffected ch)ld, the pre)mplantat)on genet)c d)agnos)s could be 

cons)dered, follow)ng eth)cal pr)nc)ples and )nformed consent. Regular prenatal ultrasound exam)nat)ons are benef)c)al to early d)agnos)s. 

The growth rate of all long bones was observed to decrease. Two- and three-d)mens)onal sonography can reveal shortened long bones and 

help detect m)d-fac)al underdevelopment, a)d)ng )n prenatal d)agnos)s of 3M syndrome(18). Therefore, cl)n)cal prenatal exam)nat)ons should 

focus on early )dent)f)cat)on and prompt genet)c test)ng. 

Conclus@on 

In summary, 3M syndrome )s a rare d)sease pr)mar)ly present)ng w)th short stature. It should be cons)dered when accompan)ed w)th 

)ntrauter)ne growth retardat)on, low b)rth we)ght, fac)al abnormal)t)es )n )nfancy, average head c)rcumference, and skeletal developmental 

)ssues. Molecular analys)s )s needed to conf)rm the d)agnos)s. We found a novel mutat)on )n the OBSL1 gene )n a Ch)nese pat)ent. The 

c.458dupG mutat)on )n the OBSL1 gene may be a hotspot mutat)on )n the Ch)nese populat)on. 
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F)gure 1 Sanger sequence show)ng the heterozygous mutat)ons c.458dupG and c.427dupG. (A) The pat)ent bears the heterozygote 

c.458dupG framesh)ft mutat)on. (B) the s)te )s w)ld type )n h)s father. (C) The mother carr)es the heterozygote c.458dupG framesh)ft 
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mutat)on. (D) The ch)ld holds the heterozygote c.427dupG framesh)ft mutat)on. (E) The father carr)es the heterozygote c.427dupG framesh)ft 

mutat)on. (F) the s)te )s w)ld type )n h)s mother. 

 

F)gure 2 Conservat)on of the am)no ac)d at pos)t)ons 154 and 143 of the am)no ac)d sequence among d)fferent spec)es. 

 

 
F)gure 3 Fac)al appearance of our pat)ent. A.10 months old. A pronounced forehead, flat nasal br)dge, and full round nasal t)ps were 

observed. B. 2 years old. C. 5 years old. A pronounced forehead and flat nasal br)dge were less prom)nent. 

 

Table 1. Phenotype and var)ants )nformat)on of 5 pat)ents w)th c.458dupG mutat)on )n OBSL1 gene 

Pat@ent ID Our case 1 2 3 4 5 

Gender Female Female Male Female Male Female 

Age 2y11m 2y 5y6m 4y 11y3m 10y8m 

cDNA change c.427dupG 

c.458dupG 

c.458dupG 

(homo) 

c.458dupG 

(homo) 

c.1365-1387dup 

c.458dupG 

c.1118G>A 

c.458dupG 

c.690dupC 

c.458dupG 

B@rth length/cm 42 NA 45 NA 41 NA 

B@rth we@ght/g 2000 NA 2550 NA 2700 2300 

Current he@ght/cm 79(-3.8SD) 74(-3.8SD) 93(-4.1SD) 85(-5.8SD) 116.1 (−4.3SD) 132.4(-2.5SD) 

Current we@ght/kg 9.6 8.5 13.5 11.5 24 40.5 

Growth retardat@on + + + NA + + 

Tr@angular face + + - NA + + 

Low nasal bridge + + - NA + + 

Frontal bossing + + - NA + + 

Normal intelligence + + + NA - + 

Delayed bone age - - + NA + - 

Bone change - - - NA Smaller pelv)c 

Long slender bones 

Smaller pelv)c 

Long slender 

bones 

 

UNCORRECTED P
ROOF




