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peat region. We set the cut-off for identification of the 
positive cases at 41 repeats. Therefore, the “the gray 
zone” is defined by the presence of a band between 344-
383 bp, while the “premutation state” by a band between 
384-821 bp. The gel analysis was performed using Im-
age Lab software (Bio-Rad Laboratories Inc, USA). We 
verified the results marked as positive with sequencing 
analysis to confirm the length of the expanded alleles. We 
subsequently analyzed all PCR reactions that produced a 
single band, with the second PCR step using the c primer 
and the CGG-chimeric primer (5’-AGCGTCTACT-
GTCTCGGCACTTGCCCGCCGCCGCCG-3’), under 
the same conditions. The 3΄ end sequence found in the 
chimeric primer (CCGCCGCCGCCG) has the potential 
to bind in the CGG repeat region randomly, and therefore 
to produce, in the presence of expanded mutated alleles 
- not amplified in the first step, a “smear” on the gel13.
 
Sequencing analysis

From the specimens considered as positive, all PCR frag-
ments were gel isolated, purified, and further analyzed by di-
deoxy-termination sequencing method to accurately measure 
the number of the repeats. Furthermore, in all six cases, the 
number of repeats were also analyzed by PCR and capillary 
gel electrophoresis (Labnet laboratories S.A., Greece).

Statistical analysis
Data analysis was performed using IBM SPSS Statis-

tics for Windows, Version 23 (IBM Corp. Armonk, NY, 
USA). Continuous variables are described as medians 
(percentiles 25th, 75th) or means with standard deviation, 
and dichotomous variables as numbers with percentages 
in brackets. The Mann-Whitney test was utilized to com-
pare continuous variables between groups and the Krus-
kal-Wallis test to compare among more than two groups. 
We created a model of linear regression for predicting 
values, after accurately measuring by sequencing a num-
ber of them. The level of significance was set at 0.05.

Results
After the initial screening process and the diagnostic 

workup for the common causes of recurrent miscarriages, 
a total of 49 cases were selected fulfilling the criteria of 
the study, and another 49 controls were also recruited, age-
matched (within two years plus or minus). The total popula-
tion was 98 subjects. The main characteristics of the study 
population are summarized in Table 2. Since the values of 

CGG repeats were not normally distributed, non-parametric 
tests were applied (Kolmogorov-Smirnov p <0.001)

The women in the patient group had in average 2.65 ± 
0.75 miscarriages, ranging from two up to five. The per-
centage of Women who suffered two miscarriages was 
53.1 %, three miscarriages 34.7 %, four miscarriages 10.2 
%, and five miscarriages 2.0 % (Table 3). The number of 
miscarriages each woman had, is not associated with the 
number of the CGG repeats (Kruskal-Wallis test, p =0.255)

Gel electrophoresis of the first PCR step analysis 
revealed a distinct, two band pattern in 34 out of 49 of 
patients and 22 out of 49 of control samples (Figure 1). 
We further analyzed the samples that showed a “single 
band”, with the second PCR step in order to distinguish 
homozygosity, from the presence of a non-amplified mu-
tated allele in the first step. No mutated allele was de-
tected. For each woman in the study, we considered the 
band representing the highest number of CGG repeats.

We identified five women from the patient’s group to car-
ry the expanded allele: 46, 50, 55, 58, and 65 repeats respec-
tively (two intermediate zone and three premutation carriers), 
whereas only one woman in the control group, was identified 
to carry an expanded allele with 57 repeats (premutation).

The six cases marked as positive by electrophore-
sis were further examined using dideoxy-termination 
sequencing analysis, to accurately determine the exact 
number of repeats present in each allele.  After the se-
quencing analysis, one case had a normal number of re-
peats, and all the remaining five had from 42-47 CGG re-
peats, and are presented in detail in Table 4. These results 
were further verified independently, using a commercial-
ly available diagnostic methodology employing capillary 
gel electrophoresis (Labnet Laboratories S.A., Greece). 

This approach revealed that the results obtained from 
electrophoresis are consistent with sequencing analysis, 
however, led to an overestimation of the CGG repeat num-
ber. The divergence of measured results with sequencing vs 
electrophoresis was used to construct a regression model in 
SPSS. As shown in Figure 2, linear regression was a good 

Table 2: Characteristics and results of the study population of the prospective case-control pilot study.
Cases Controls p value

Number of cases 49 49
Age (years) 31 (27-35) 32 (27-36) 0.906
Miscarriages 2.65 ± 0.75 -
Women with three or more miscarriages 23 (47 %)
CGG repeats * 34 (31-38) 32 (30-34) 0.027
CGG repeats ** 28 (26-31) 27 (25-28) 0.027
Intermediate zone (45-54 CGG repeats) 4 1 0.168

Odds ratio: 4.267
Continuous variables are presented as median (25th-75th percentile in brackets) or mean ± standard deviation and dichotomous variables as num-
bers (% in brackets). CGG: Cytosine/Guanine/Guanine, *: estimated by electrophoresis analysis, **: calculated by linear regression analysis.

Table 3: Number of miscarriages for the 49 women in the 
patient group.

N of miscarriages Cases % group
2 26 53.1
3 17 34.7
4 5 10.2
5 1 2

49 100
N: number.


