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研究儿童矮小症的动机（基础研究） 

身高的遗传遵循常见病的普遍规律 

McCarthy/Manolio model: single common variants = small effects, 

single rare variants = large effects. 

 McCarthy MI, Abecasis GR, Cardon LR, et al. Genome-wide association studies for complex traits: consensus,  
uncertainty and challenges. Nat Rev Genetics. 2008;9:356-369 
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研究儿童矮小症的动机（临床研究） 

• 在临床区分鉴别病理性矮小与非病理性矮
小 

• 诊断特定的病理性矮小, 指导相应的临床干
预 

• 鉴别特定单基因或基因组变异引起的儿童
矮小，在基因水平上确诊, 了解共病，提供
预后及对因治疗 
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与精神发育类疾病遗传基础的相似性 

http://www.dialogues-cns.org/publication/genetic-and-genomic-analyses-as-a-basis-for-new-diagnostic-nosologies/ 
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矮小经常是染色体失衡的一个症状 
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全外测序是揭示儿童矮小遗传病因的有效检测手段 

5/14 (36%) 
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NGS based molecular 

diagnostics for Chinese 

patients with short stature 

基于二代测序的中国儿童矮小症的
分子诊断研究 
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Inclusion criteria 矮小病人入选标准 

（enrich for primary short stature）  

• 诊断为生长激素缺乏症的儿童 
 

• 多种垂体激素缺乏的矮小儿童。 
 

•  身高在-2.5SD 以下，有或没有家族史的矮小儿童; 
 

• 伴有小头畸形同时符合矮小标准的儿童。 
 

• 伴有智力或发育落后同时符合矮小标准的儿童。 
 

• 伴有其他先天畸形同时符合矮小标准的儿童 
 

• 具骨骼发育异常的矮小儿童。 
 

• 曾为 足月小样儿但没有生长追赶的矮小儿童。 
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Exclusion criteria矮小病人排除标准 

(exclude secondary short stature) 

• 明确诊断为唐氏综合征的的矮小儿童； 
• 其它已经明确的染色体异常的的矮小儿童，如特纳综合征等 
• 脑部明确病变者如颅内出血、脑积水的矮小儿童； 
• 确诊为代谢性疾病的矮小儿童；如苯丙酮尿症等 
• 严重营养不良的的矮小儿童 
• 继发于肿瘤或白血病的的矮小儿童 
• 精神、心理障碍性矮小 (psychosocial short stature)：常发生在有父

母感情不和、离异家庭或单亲子女家庭, 患儿精神心理受挫, 影响了下丘脑-GH 
- IGF 轴功能, GH 分泌可正常或缺乏。典型症状是生长停滞、青春发育延迟,骨
龄落后; 此外常有饮食及睡眠不佳或肠吸收不良, 消瘦, 性情孤僻, 饮食习惯及
行为变异。 

• 慢性系统性疾病 如消化吸收不良、肝、肾、肺功能不全、慢性感染等、
地中海贫血等 
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Clinical information临床信息 

• 父母身高， 
• 父母青春期发动年龄 
• 患者身高、体重，以及生长曲线、生长速度（如果有）， 

• 矮小家族史（三代），如果有兄弟姐妹，记录兄弟姐妹
的身高、体重 

• 孕史（是否宫内生长迟缓），发育史， 
• 骨骼系统评估结果， 
• 激素水平及激发试验结果， 
• 如进行垂体MRI，记录结果， 
• 畸形形态学分析结果， 
• 生长激素治疗一年以上，跟踪身高结果。 
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Study design 实验设计 

• Short stature custom panel （705 curated 
genes） 

• Exome (trio encouraged if without family 
history) 

• Correlate with rhGH treatment response 仅供交流，未经授权
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第一阶段结果总结 

N=371 
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矮小致病基因的异质性 

 ACAN , COL11A2,  
COL9A3, TRAPPC2, SHOX2,  
SMPD1, PTHLH, COMP, NPR2, ACAN, NBAS, 
PHEX   

genes associated with  
bone development 

genes lead to  
metabolic  & endocrine abnormal 

genes related to  
syndromic short stature genes cause  

microcephaly 

PAX8,  
SLC7A7, TSHR 

GH1, GHRHR,  
IGFALS, SLC25A13,  
SLC5A5, ABCC8, AQP2,  
STAT5B, DUOX2 

COL2A1, EVC, 
 FGFR3, NF1,  
PIEZO2, COL27A1, TINF2, 
FBN1, FGFR3, EXT1 

CYP21A2,  
PTPN11,  
RAF1, TP63, 
CUL7 

OFD1 

IDS 

GLI2, BLM 

KAT6B 

MAP2K1 

55  affected genes in total 
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Pathologic short stature-primary (1) 

 

 
 
 
 
 
 
 
Absent from ExAC 
Dominant negative for AD Growth hormone  
deficiency, isolated, type II 
VUS (requires extended segregation study 
and functional evidence) 
rhGH treatment with 10.67 cm/y response 

GH1 c.131A>C/p.H44P 

GH1 c.131A>C/p.H44P 

2016 
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Pathologic short stature-primary (2) 
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Hormone effect targets 激素作用靶点 

IGFALS  c.1145C>T/p.T382M 

IGFALS  c.1145C>T/p.T382M 

Rare in ExAC 
VUS requires functional and  
segregation evidence 
rhGH treatment is on going 
with 8.27cm/year growth rate 
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Pathologic short stature-primary (3) 

8 individuals with FGFR3 mutation 
Including c.1618A>G/p.I538V  
with hypochondroplasia 
rhGH treatment with 8.52cm/yr response 

Conclusions: rhGH treatment is well 
tolerated and effective in improving 
growth in HCH patients, particularly when 
started early. The treatment effect varies 
greatly and must be evaluated for each 
patient during treatment to determine the 
value of continued therapy.  
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rhGH treatment 

PTHLH LOF causes Brachydactyly, type E2 
c.413delA/p.K138fs*11 
rhGH treatment with a 12cm/y growth rate 
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Pathologic short stature-primary (4) 

COL2A1 c.2059G>A/p.G687S 
De novo +PM1 (Gly)+PM2 
rhGH not likely to be effective 
NL intelligence 
Instability of cervical spine 
Early onset kyphoscoliosis 
Hearing loss 
Myopia 
Hip degeneration 
Respiratory problem can be life-threatening 
 
 
 
  

TRAPPC2 c.426+1G>T  
Spondyloepiphyseal dysplasia tarda  
de novo 
Poor response to rhGH treatment (4.25cm/y) 
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Pathologic short stature-primary (5) 

PTPN11 c.846C>G/p.I85F 
rhGH treatment with 7.76cm/y response 

MAP2K1 

De novo  
c.389A>G/p.Y130C 
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Pathologic short stature-primary (6) 
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综合征病例 

正常儿童    VS    患儿 

homo c.67A>G/Lys23Glu 

 hetero c.67A>G 
              Lys23Glu 

ORC6 

c.3103C>T 
p.Arg1035* 

c.502C>T 
p.Gln168* 

c.3103C>T 
p.Arg1035* 

c.502C>T 
p.Gln168* 

MOPD II型[小头畸形- 
骨发育不良（牙齿）- 
生后矮小症]  
2型糖尿病  
黑棘皮病  
高血压。 
牛奶咖啡斑  
 

小耳畸形 
髌骨发育不良或缺如 
宫内发育迟缓或生后生长迟缓 

Courtesy of 王秀敏 

PCNT 
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Pathologic short stature-primary (7) 

c.772_773delCT 
p.Leu258Glufs*7 

c.959+2T>A 
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Pathologic short stature-primary (8) 
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Pathologic short stature-primary (9) 
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先天性甲低 
c.1604_1617delGCACGCTGACCACT 
p.T536fs*45 

The patient is being treated with rhGH with a 8.6cm/y growth rate 

Pax8 c.1087+1 (a novel variant with PVS1+PM2=likely pathogenic) rhGH treatment with 7.6 cm/y 
“Treatment with levothyroxine corrected the symptoms and was associated with catch-up growth”  
(PMID: 23647375)  

SLC5A5 
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口面指综合征OFD1  

• Orofaciodigital syndrome I 
• XLD male lethal 
• De novo 
• A ciliopathy 

– Short stature 
– Microcephaly 
– Oral phenotype 
– Digits phenotype 
– Skin phenotype 
– Cystic kidney 
– ID/major depression 

• rhGH treated with 7.52cm/y growth 
 
 

c.2289dupC/p.S764fs*5 
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先天性肾上腺增生与矮小 

• In both sexes, linear growth in childhood is accelerated, but 
the epiphyses fuse early, leading to short stature. 

CYP21A2 
c.66G>A/ p.W22*/ 
c.143A>G /p.Y48C 

rhGH treatment with  
11.4 cm/y response 

Near final height (153.35±8.31) cm, (–1.9±1.1) SD  
was significantly lower than the normal population  
(p < 0.001). 
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重组生长激素治疗反应总结 

  
ISS 

(n=13) 
GHD 

(n=15) 
total 

(n=28) 

good responder 
(yearly growth rate>10cm) 

4 4 8 

intermediate responder 
(6cm<yearly growth rate<10cm) 

8 11 19 

non-responder 
(yearly growth rate<6cm) 

1 0 1 

mean yearly growth rate 8.98cm 9.13cm 9.06cm 

Mean annual growth rate in controls  
(patients without known causal mutation) 

8.75cm 9.03cm 8.89cm 
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矮小儿童遗传诊断ACMG 指南
（2009） 
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矮小遗传评估更新版（2014） 

J Clin Endocrinol Metab.  
2014 Sep;99(9):3080-92. 
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新的分子诊断策略 
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儿童矮小症临床遗传诊断 

• New molecular diagnostic tools are very powerful 
新的分子诊断技术很给力 
– Analytical validity 检测的技术有效性 

• Clinical validity of the test 检测的临床有效性 
– Clinical sensitivity 在多大程度上解决诊断问题 
– Clinical specificity 在多大程度上诊断是特异的 

• Clinical utility of the test检测的临床功效性 
– Change in clinical practice 在多大程度上改变临床干
预治疗方案 

– Change in outcomes 在多大程度上能够改善临床症
状 

– Avoiding harm 在多大程度上减轻心理，经济及无
效干预的压力，避免有害干预或过度治疗 
 

 
 

C
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结合矮小遗传诊断的转化研究课题 

• 遗传诊断流程在中国儿科临床的综合有效性 

– 中国的指南 

 

• 基于特定临床表征开发的新检测项目验证及应用
及临床有效性（Validity）， 临床功效性（Utility) 

 

• 基因变异与疗效的相关性 

 

• 新矮小基因的发现与突变研究 
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