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Abstract
Background: To analyze why 3M syndrome can be regarded as a SRS-like syndrome by examining the patients with 3M syndrome and research the
connection between 3M syndrome and SRS.

Methods: The term “3M syndrome” was retrieved by Web of Science and the 3M patients were screened by NH-CSS to determine whether it was consist with
the diagnosis of clinical SRS, and to analyze the relationship between the two diseases by exploring literature.

Results:  Among patients with 3M syndrome, 60/70 (83%) were in accordance with clinical SRS, and the coincidence rates of CUL7, OBSL1, CCDC8 gene
mutations were: 30 (42%), 17 (24%) and 4 (6%) respectively;  The phenotypes of 3M syndrome con�rmed as clinical SRS were SGA (90%), short stature
(100%), forehead protruding (100%), relative macrocephaly (100%), feeding di�culties/low BMI (33%), body asymmetry (0);  Skeletal abnormalities and
pathogenesis were previously considered as the key points of differentiation also were overlaps between two diseases;  Symptomatic treatment and GH-
treatment were carried out.

Conclusions: . There isn’t reliable clinical points to distinguish the two diseases, especially for the patients with CUL7 mutations whose imaging is not typical,
which need to rely on genetic detection; . Literature research points out the two diseases may have the same pathogenic pathway; . Both of diseases were
treated symptomatically and used GH to improve height; . 3M syndrome diagnosed “clinical SRS” can incorporate into SRS to facilitate clinical classi�cation
and management.

Background
Silver-Russell syndrome (SRS, OMIM#180860) is a rare dwarf disease characterized by intrauterine and postnatal growth retardation, but it is separated from
other SGA because of body asymmetry, forehead protruding, relative macrocephaly and speci�c facial manifestations. The disease was �rst described by
Silver in 1953 and Russell in 1954[1-2]. In addition to intrauterine growth restriction, SGA, postnatal growth retardation, short stature, typical facial
abnormalities (triangular-shaped face, forehead protruding, relative macrocephaly, etc.) and asymmetries (face, limbs), there are other symptoms including
low BMI, feeding di�culties, irregular dentition, �fth �nger clinodactyly, prominent heels, etc [3-4]. The etiology study found that 30%-60% patients with
molecular abnormalities of chromosome 11p15.5, ≤10% had upd(7)mat, and others without clear etiology [5]. Other gene and chromosome abnormalities
reported in the literatures can be found in SRS [6].

Scholars had summarized several diagnostic criteria for Silver Russell syndrome, until 2015, Azzi et al. proposed the criteria which was recommended by
international consensus in 2017 due to its relatively high sensitivity and speci�city [4]. TÜmer et al. reviewed and summarized the NH-CSS and classi�ed the
disease as SRS, clinical SRS, molecular SRS and non-SRS [7] (see Supplement table A.1).

In 1975, more than 20 years after the proposal of SRS, a group of SGAs with skeletal malformation as the main manifestation was named 3M syndrome,
which originated from the initials of three experts (Miller, McKusick, Malvaux). The mainly phenotypes of the disease were low birth weight, serious short
stature, narrow facies, clinodactyly and normal intelligence [8]. 3M syndrome is a rare autosomal recessive disease, which can be divided into three subtypes
according to gene mutations: 3M1 (OMIM#273750) is related to CUL7 gene variation on chromosome 6q21.1, 3M2 (OMIM#612921) is related to OBSL1 gene
variation on chromosome 2q35, 3M3 (OMIM#614205) is related to CCDC8 gene variation on chromosome 19q13.32, with incidence rate of 65%, 30% and 5%,
respectively [9]. Skeletal abnormality is more speci�c in 3M syndrome, so it is grouped as “Slender bone dysplasia group” in 2015. The main features are long,
slender tubular bones, reduced anteroposterior diameter of the vertebral bodies and delayed bone age [10].

Up to now, due to the small number of reports on 3M syndrome, there is no exact diagnostic standard. It is mainly diagnosed by comprehensive analysis of
clinical manifestations, imageology examination and genetic testing. Because the body asymmetry is not necessary for SRS, 3M syndrome patients are often
misdiagnosed as SRS, and it can only be corrected when get the genetic results, such as our reported patients [11]. Some scholars have proposed it is di�cult
to discriminate 3M syndrome from SRS. Based on this point of view, we searched patients with 3M syndrome, evaluated them with the diagnostic criteria of
SRS, and found the relationship between the two diseases through literature.

Results
We obtained 241 pieces of information after using the Web of Science to search for the term “3M syndrome”. After evaluating the content of the literature, 17
articles were included and 72 cases of 3M syndrome with detailed description were obtained. And then further study on the two diseases through literature.

1. Among 72 patients, 32 cases (44%) had CUL7 gene variants, 22 (31%) had OBSL1 gene variants and 8 (11%) had CCDC8 gene variants, while, 10 patients
(14%) without gene detection were reported in the literature (see Table 1). Reports of 3M syndrome was common in the Middle East (51/72, 71%). Most of
parents were married to close relatives, gave birth at full-term production without abnormally during pregnancy.

2. The clinical manifestation of the group included SGA, postnatal growth retardation, forehead protruding, relative macrocephaly and feeding di�culties/
low BMI, according to the NH-CSS, they could be diagnosed as clinical SRS. Among 72 patients, 60 cases met the diagnostic criteria (83%), of which the
coincidence rate was 30 cases (42%) with CUL7 gene mutation, 94% (30/32); 17 cases (28%) with OBSL1 gene mutation, 77% (17/22); 4 cases with
CCDC8 gene mutation, 50% (4/8); and 9 other patients (15%) with unde�ned genes could be diagnosed as “clinical SRS” (see Figure 1). Of the 60
diagnosed patients, 54 were SGA (90%), 60 were all born with postnatal growth retardation (100%), forehead protruding (100%), and relative
macrocephaly (100%), 16 had di�culty feeding /low BMI (27%), and none of them presented body asymmetry (0) (see Table 2).

3. Differences in identi�cation points. Skeletal abnormalities reported in previous 3M syndrome such as scoliosis, tall vertebral bodies, �fth �nger
clinodactyly, and prominent heels are also reported in SRS patients with 11p15 ICR1 LOM; while, the clinical manifestations of SRS such as forehead
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protruding and relative macrocephaly are also present in patients with 3M syndrome. 1. In 2009, Bruce et al. [12] addressed that patients with severe
hypomethylation of H19 in the 11p15 ICR1 region could also exhibit skeletal abnormalities, such as high lumbar vertebrae, lumbar hypomobility, and
distinct hand and foot anomalies. 2. In 2018, Tümer et al. [7] pointed out, although the two symptoms of forehead protruding and relative macrocephaly
are relatively subjective in diagnosis, they are the key points in distinguishing SRS from other SGAs. In the diagnostic criteria of SRS, forehead protruding
and relative macrocephaly were needed when patients only presented four of six indicators and negative genetic testing, while the patients with 3M
syndrome also showed the two phenotypes. 3. There are other common phenotypes can present in the two disease, such as delayed bone age, male
sexual dysfunction (like hypospadias, spermatogenesis dysfunction) and normal intelligence. 4. In 2011, Akawi et al. [13] pointed out that the autosomal
recessive SRS could be classi�ed into 3M syndrome. Therefore, it is di�cult to distinguish the two diseases.

4. Study on the pathogenesis in literature.

The causes of 3M syndrome are CUL7, OBSL1, CCDC8 mutations. For the CUL7 protein, which is the major member of CRL7 (including CUL7, Fbw8, SK1,
ROC1), targets IRS1 for Mtorc1/S6K1-dependent degradation [14]. When knock out Cul7 in mouse embryonic �broblasts, can decrease the IRS1 degradation
and increase Akt and Mapk activation and led to poor cell growth and cellular senescence [15]. Both of OBSL1 and CCDC8 can act with CUL7 to form a 3M
complex to maintain normal cell growth [16]. Chrom11p15-ICR1 LOM and UPD(7)mat are the classical causes for SRS. 11p15-ICR1 LOM can lead to decrease
IGF2 expression and increase H19 transcriptional level, which in�uence the IGF1R pathway to lead to abnormal cell growth [17]. While GRB10, a candidate
gene on UPD(7)mat not only interacts with IGF1/IGF1R, but interacts with IRS1 (See the Figure 3). From the results and �gures, we thought that both of them
are maybe in the same pathway for pathogenesis. See the supplement table A.3 and Figure 2-3.

5. Treatment for the two diseases.

Both of them are symptomatic treatment and GH to improve height, especially SRS is the only SGA-syndrome which used GH to improve height certi�ed by
international consensus in 2017. The 3M syndrome is also treated with GH, but the effect is controversial due to the small number of cases. Detailed
information can be found in supplement table A.2.

Discussion
SRS is an earlier and relatively common clinically identi�able syndrome in SGA, subsequent clinical application with gene detection technology; more
syndromes are known, including 3M syndrome. 3M syndrome is relatively rare, and we �nd that it is di�cult to identify from SRS through clinical
manifestations in our clinical experience, but requires genetic testing to determine. The problem has been noted by scholars for a long time. When SRS was
studied using NH-CSS, it was found that the diagnostic rate of SRS was 76.7%. In this paper, we used the NH-CSS criteria to study the clinical coincidence rate
of 3M syndrome, and found that 83% of patients with 3M syndrome can be diagnosed as clinical SRS, which is even higher than the SRS. NH-CSS is recently
recognized as the standard with optimized sensitivity and speci�city; it still showed di�cult to identify the two diseases in clinical practice.

We believe that the high clinical similarity of the two diseases is mainly caused by  The diagnosis criteria of the 2 diseases have the same main clinical
manifestation, such as  “Height/ weight at birth and after birth less than the same age, feeding di�culties, low BMI, typical face deformities (micrognathia,
triangular-shaped face, forehead protruding, relatively enlarged head circumference)”, Other minor criteria share same symptoms, such as prominent heel,
clinodactyly, male sexual dysfunction was showed in two diseases [18], and the skeletal deformity of 3M syndrome was not completely absent in SRS.
Therefore, it is not easy to distinguish SRS or 3M syndrome for children without body asymmetry. Genetic detection is currently a differential method. While if
they are not the classical pathogenic genes or gene detection negative, the diagnosis is still a challenge. At that time, we have to make clinical diagnosis. We
recommended that 3M syndrome can be further differentiated when SRS is diagnosed clinically.

Since we propose that clinical diagnosis is basic and necessary, we explore why these syndromes are so similar? In addition to the same clinical
manifestations described above, we also analyzed the two diseases from the following aspects. The results of clinical data have already fully demonstrated
the homology of the two diseases. In genetic research, we found that many patients with 3M syndrome were born in Turkey and Arabia, where the marriage
rate of close relatives was relatively high. It could explain that the heredity mode of 3M syndrome was autosomal recessive of CUL7, OBSL1, and CCDC8 gene
mutations. Whereas patients with SRS had different inheritance, including autosomal recessive, autosomal dominant, X chromosome dominant and others
[19]. It has been found that 11p15 ICR1 LOM and UPD(7)mat are the most common epigenetic abnormalities and can diagnose about 60-70% of SRS patients.
Although they are different pathogenic factors, both of them affect the expression of IGF2, which lead to intrauterine growth restriction [17,20]. On the other
hand, both of them have an effect on GH-IGF1 axis. We conclude that from above researches, the two diseases may have the same pathway root.

Although the pathogenic mechanism is homologous, there are some phenotypic differences between the two syndromes. Because of intrauterine growth
restriction, SGA, and postnatal growth retardation, the adult lifetime height of the two diseases is lower than those of normal peers. While the �nal height in
3M syndrome patients is lower than of SRS [21], we explained that above three gene changes in 3M syndrome in�uence the expression of three proteins,
therefore affect the normal growth cycles of cells, but the epigenetic abnormality of SRS does not change the gene sequence, it affects the expression of
growth-related proteins.

For the clinical management, the two diseases mainly adopt symptomatic treatment and regular follow-up [5,22]. At present, the treatment of height is still the
most concern of the two diseases. When reviewed the literatures, we found that the level of IGF1 and GH in both diseases were generally normal, they were a
lack of catch-up growth after birth. In the case report, it was found that both diseases were treated with GH which was suitable for SGA. The guideline pointed
out SRS was the only syndrome to be included in the clinical trials of GH in short children born SGA and an indication for growth-promoting treatment under
the SGA registered. The longitudinal study of Smeets et al. [23] showed that the therapeutic effect of GH on patient with SRS was parallel to patients with non-
SRS SGA. After treatment, the patients with SRS had an average increase of 1.3SD. Due to the patients with 3M syndrome were born SGA, GH was also the
main treatment in this group. Although the treatment effect of 3M syndrome is inferior to SRS, we consider the possibility of fewer cases, less clinical
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experience, and insu�cient treatment. However, GH can still improve a certain degree of height from the treatment reported in the case of 3M syndrome [24-
26].

Conclusion
1. From the clinical manifestations, most patients with 3M syndrome meet the diagnostic criteria of NH-CSS and can be diagnosed as clinical SRS. Skeletal

abnormalities speci�c to 3M syndrome can be found in SRS sometimes, while, body asymmetry is not presented in all patients with SRS. So, it is not
always clinically distinguishable between SRS and 3M syndrome.

2. From the genetic information, the genetic patterns of the two diseases are different, but their pathogenic causes can lead to the down regulation of IGF2
expression. So, we consider both of two diseases may share a same branch in the pathogenic pathway.

3. From the clinical treatment, both of them are treated symptomatically, and the problem of height in two diseases is also treated with GH.

In summary, we �nd that patients with 3M syndrome have a large overlap with SRS in clinical manifestations, pathogenic factors and treatment. In order to
facilitate clinical diagnosis and management, we consider that 3M syndrome can be classi�ed into SRS, and use the NH-CSS standard to diagnose the
patients with special facial deformities and skeletal dysfunction, and conduct uni�ed management. This has certain advantage for clinicians, because it can
reduce clinical misdiagnosis. Although the diseases are easy to be confused, we suggest that the clinical diagnosis can be carried out together, but gene
detection and identi�cation are also very important, especially for genetic counseling.

Although our view is biased towards that 3M syndrome can be included in SRS for uni�ed management and treatment, some problems remain unresolved. 1.
In our summary, we found that the same protein test results as 11p15 ICR1 LOM were found in cell experiments of 3M syndrome, but were not veri�ed in vivo.
Further research is needed to con�rm whether the results of protein testing is due to the causative gene of 3M syndrome is an upstream regulatory gene of
H19 or IGF2, or a certain interaction between these proteins. 2. The management of 3M syndrome is still not standardized. Due to the small number of cases,
individual data cannot represent the general rule, so further research is needed for treatment.

Materials And Methods
1. Search for the term “3M syndrome” in Web of Science, and collect the clinical cases reported in the literature;

2. Inclusion criteria: Cases with detailed description in the literature were studied. Exclusion criteria: Due to the data at birth or after birth is not clear, and the
phenotype after adulthood has been blurred, therefore, we exclude the literature of children and adults who lack relevant data.

3. The patients with 3M syndrome were screened by the criteria of NH-CSS, and diagnosed as clinical SRS if the clinical conditions were met.

4. To review the clinical manifestations and pathogenesis of the two diseases, analyze the similarities and differences of clinical phenotypes and the
relationship between the pathogenesis.

5. To �nd the protein interaction through the STRING website (https://string-db.org/).
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Tables
Table 1. NH-CSS criteria screen 3M syndrome for clinical SRS

Criteria   
 Patients

Simsek-Kiper [9] HabibUllah

[27] 

Meazza [24] Takatani

[25]

Keskin [26] Lugli [28] Hu [11] Liao [29]

Genotype CUL7 mutation OBSL1 mutation CUL7 mutation CUL7 mutation CUL7 mutation OBSL1 mutation CUL7 mutation CUL7 mutation OBSL1 mutat

Gestation

(Weeks)

NM† 37 42 41 39 NM† NM† 37

Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

SGA + + + + + + + + + + - + + + + + - + + + + + + + + + + -

Postnatal

growth

restriction

+ + + + + + + + + + + + + + + + + + + + + + + + + + + +

relative

macrocephaly

+ + + + + + + + + + + + + + + + - + + + + NM† + + + + + NM†

forehead

protruding

+ + + + + + + + + + + + + + + + + + + + + - + + + + + +

Body

asymmetry

- - - - - - - - - - - - - - - - - - - - - - - - - NM† NM† -

difficulty

feeding

/BMI≤-2SDS

- - - - - + - - - - - - - - - - + - - - - - - - - NM† NM† -

Clinical SRS Y‡ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡
N§ Y‡ Y‡ Y‡ Y‡ Y‡

N§ Y‡ Y‡ Y‡ Y‡
N§ Y‡ Y‡ Y‡ Y‡ Y‡

N§

Confirmed

cases

10/10 6/8 1/1 1/1 1/1 0/1 2/2 3/3 1/2

Country Turkey Saudi

Arabia

Italy Japan Turkey Tunisia China America

†Not Mentioned; ‡Yes; §None

Table 1. Continued

https://doi.org/10.1016/j.ajhg.2011.05.028
https://doi.org/10.1111/j.1399-0004.2010.01599.x
https://doi.org/10.1097/00019605-200110000-00002
https://doi.org/10.1530/EDM-15-0012
https://doi.org/10.1515/jpem-2012-0239
https://doi.org/10.1016/j.jpeds.2011.12.051
https://doi.org/10.1210/jc.2006-2017


Page 7/10

Criteria   
 Patients

Akawi [13]  Sasaki [33] Van der Wal [34]  Deeb [35]  Demir [36]  Al-Dosari [37

Genotype CUL7 mutation OBSL1 mutation CUL7 mutation Untested CUL7 mutation OBSL1 mutation CUL7 mutation OBSL1

Gestation

(Weeks)

NM† NM† 36 Full term 35 37 Full term NM† Full term

Number 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68

SGA NM† NM† NM† + + + + NM† NM† NM† NM† + + + + + + + + + + + + + + + + +

Postnatal

growth

restriction

+ + + + + + + + + + + + + + + + + + + + + + + + + + + +

relative

macrocephaly

+ + + + - - + + + NM† + + + + + + + - + + + + + + + + + +

forehead

protruding

+ + + + + + + + + + + + + + + + + - + + + + + + + + + +

Body

asymmetry

- - - - - - - - - - - - - - - - - - - - - - - - - - - -

difficulty

feeding

/BMI≤-2SDS

+ + + + + + + + + + + + + + + - + - - - - - - - - - - -

Clinical SRS Y‡ Y‡ Y‡ Y‡
N§ N§ Y‡ Y‡ Y‡

N§ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡
N§ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡ Y‡

Confirmed

cases

4/6 6/7 1/1 5/6 1/1 1/1 10/10

Country Arab Japan Netherlands Arab Turkey Saudi Arabi

†Not Mentioned; ‡Yes; §None

Table 2. Proportion of NH-CSS scoring items in patients with 3M syndrome

NH-CSS 72 cases with 3M syndrome
60 of clinical SRS 12 of non-SRS Total positives

Positive NM† Negative Positive NM† Negative
SGA 54 90% 6 10% 0 8 67% 1 8% 3 25% 62 86%

Postnatal growth restriction 60 100% 0 0 12 100% 0 0 72 100%

relative macrocephaly 60 100% 0 0 2 17% 6 50% 4 33% 62 86%

forehead protruding 60 100% 0 0 9 75% 0 3 25% 69 96%

Body asymmetry 0 2 3% 58 97% 0 0 12 100% 0

difficulty feeding /BMI≤-2SDS 16 27% 2 3% 42 70% 4 33% 0 8 67% 20 28%

† Not Mentioned

Figures
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Figure 1
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Figure 2
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Figure 3
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