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Abstract: Breastfeeding is important for brain development and was shown 
by many studies to result in higher scores Intelligent Quotient (IQ). 
However, the exact mechanism whereby Breastfeeding influences cognitive 
development remains unclear. This study aimed to study the expression of 
genetic code FADS2 linked to the cognitive function in relation to the mode 
of feeding. The study comprised 30 preterm infants of 32 to 34 weeks 
gestation age including 15 exclusively breastfed and 15 fed on Infant Milk 
Formula (IMF) selected from the Neonatal Intensive Care Unit (NICU) in 
Talkha Central Hospital in Dakahlia Governorate Egypt. Blood samples 
were drawn at birth and at 12 weeks of life and FADS2 mRNA gene 
expression-was measured using real time PCR at birth and at 12 weeks of 
life. Blood indices were measured at 12 weeks. FADS2 mRNA gene 
expression demonstrated a significant increase from birth to 3 months, with 
109 folds  rise in breast fed group compared to five folds rise in the 
artificially fed group at (p<0.001). Breast milk influences gene expression. 
The higher FADS2 expression observed in the breastfed group can be used to 
predict higher IQ scores in the breastfed preterm. The mammary gland could 
be an organ that stipulates and regulates genetic expression in the newborn. 

 
Keywords: FADS2-Breast Milk, Cognitive Function, Intelligent Quotient, 
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Introduction 

Breast milk provides optimal nutrition for a growing 
infant, with compositional changes that are adapted to 
the changing needs of the infant. Human milk contains 
adequate minerals and nutrients for the first six months 
of life (Butte et al., 2002). Children’s intellectual 
development has been shown to be influenced by both 
genetic inheritance and environmental experiences. 
Breastfeeding is one of the earliest postnatal experiences 
and is important for brain development. Breastfed 
children especially when preterm were shown to attain 
higher Intelligent Quotients (IQ) scores than children fed 
on other milks. The higher IQ linked with breastfeeding 
and intelligence is linked to the high concentration of 
long chain polyunsaturated fatty acids as 
Docosahexaenoic Acid (D.H.A) and Arachidonic Acid 
(A.A). Also it contains cholesterol, amino acids as 
taurine and also lactose which is broken in the body to 
glucose and galactose, the latter is important for the 
formation of galactolipids for the myelination process in 

the nervous system and the former is important source of 
energy for the brain. All are important nutrients which 
play an essential role in brain and central system tissue 
growth and development early in life (Mortensen et al., 
2002; Caspi et al., 2007; Walfisch et al., 2013). 

Xie and Innis (2008) have provided evidence that 
genetic variation in FADS1 and FADS2 influence 
maternal plasma and erythrocyte phospholipids levels 
of (n-6) and (n-3) fatty acids during pregnancy and 
levels of saturated, monounsaturated, (n-6) and (n-3) in 
breast milk during lactation. Other studies have shown 
an association between the IQ and the genetic variant in 
FADS2, a gene involved in the genetic control of fatty 
acid pathway (Dauncey, 2009; Morales et al., 2011). 
The relationship between breastfeeding and this latter 
gene on the cognitive function of children is not fully 
verified. Hence, the aim of this study is to compare the 
FADS2 gene expression in preterm exposed to 
mother’s milk in the early months of life with those 
exposed to infant milk formula. 
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Subjects and Methods 

This is a cross sectional study including 30 neonates 
whose age range was between 32-34 weeks, attending 
the NICU of Talkha Central Hospital where they were 
followed up during the period of the study. They were 
divided into two groups: Group I: Included 15 preterm 
babies fed exclusive breastfeeding and group II: 
Included 15 preterm babies fed on artificial formula. 
Ethical considerations included consent from the 
hospital and from parents with explanation of the 
procedure and its out come to the family. 

Anthropometric assessment included measurements 
of weight (wt) for age Length (L) for age and Head 
Circumference (HC) for age. Blood samples were 
drawn at birth and at 3 months for all babies. 
Laboratory investigations included full blood picture 
for hemoglobin and blood indices were done in TalKha 
Hospital Lab and another sample was sent to the 
Molecular Biology and Biotechnology Unit in Benha 
Faculty of Medicine for measuring FADS2 mRNA 
gene expression for the all groups at birth and then after 
3 months. Complete blood count CBC was one only at 
age of 3 month. 

Sample Collection  

Two ml of anti-cubital venous blood were collected 
from each case and immediately put in a vaccutainer 
tube containing EDTA, Each sample was mixed and 
divided into two eppendorf tubes, one tube sent for 
CBC and the second stored at -80ºC for further 
processing in gene expression technique. 

Total RNA Extraction 

Total RNA was extracted using Gene JETTM RNA 
Purification kit, (Fermentas, EU) following the 
manufacturer instructions and the standard protocol. 40 
µL of the eluted RNA was collected immediately, placed 
in ice or stored at -20°C for further processing. 

Spectrophotometric Quantification of RNA 

To ensure significance, A260 readings should be 
greater than 0.15. An absorbance of one unit at 260 
nm corresponds to 44 µg of RNA mL-1. The ratio 
between the absorbance values at 260 and 280 nm 
gives an estimate of RNA purity (Wilfinger et al., 
1997). A260 and A280 were taken by Nanodrop 
Spectrophotometer 2000c USA. 

Relative Quantitation of mRNA of the Respective Genes 

by Real Time PCR Using SYBR GREEN 

In this study, the target gene sequences are the 
catalytic subunit of FADS2 gene and the calibrator 
sample is healthy control. A singleplex reaction is 
using, where a single primer pair is present in a well. In 
addition, we used One-Step RT-PCR using Quanti-

Tect® SYBR® Green RT-PCR master mix kit (Qiagen. 
GmbH). In ABI 7900HT Fast Real Time PCR system 
(Applied Biosystem, USA) the prepared reaction 
components were done in 96 well PCR plate 
MicroAmp® 96 Well Optical Reaction Plate with 
Barcode, code 128), using real time cycler conditions 
of 48°C for 30 min, (Reverse transcription), 95°C, 15 
min, (Initial denaturation) followed by 40 cycles of 
94°C, 30 sec, 48°C, 1 min and 72°C, 1 min for 
Denaturation, Annealing, Extension steps respectively. 
Primer sequence (5′-3′) of hTERT was 5′- TGC AAC 
GTG GAG CAG TCC TTC T -3′ (Forward) and 5′- 
GGC ACA CATAGA GAC TTC ACC AGC -3′ 
(Reverse). Primer sequence of glyceraldehyde 
phosphate dehydrogenase (GAPDH) as internal control 
(housekeeping gene) was 5′-TGA TGA CAT CAA 
GAA GGT GGT GAA G-3′(Forward) and 5′-TCC TTG 
GAG GCC ATG TGG GCC AT-3′ (Reverse). The PCR 
primers were synthesized by (Operon, inc. Huntsville, 
Alabama Germany. According to the RQ manager 
program 1.2 ABI SDS software (ABI 7900HT), the 
relative endogenous quantities of the FADS2 Gene are 
normalized Against, the relative Quantities of the 
control (GAPDH) gene fold expression changes are 
calculated using the equation 2-∆∆CT (Livak and 
Schmittgen, 2001). 

Statistical Analysis  

The statistical analysis was done by using Statistical 
Package for Social Science (SPSS, program) version 
16. To test the normality of data distribution K-S 
(Kolmogorov-Smirnov) test was done. The description 
of the data done in form of mean (+/-) SD for 
quantitative data. The analysis of the data was done to 
test statistical significant difference between groups 
using student t-test to compare between two groups. p 
value p>0.05 was considered insignificant while p<0.05 
was considered significant. 

Results 

Our results revealed that there was no statistical 
significant difference in the mean age of mothers/year 
between breastfed group and artificially fed group 
(26.6±6.1) and (25.9±9.3) respectively (p>0.05). As 
regard education of the mother there was no statistical 
significant difference in breastfed group when compared 
to the artificially fed group indicating that the two 
groups were a homogenous group with similar 
background from Dakahliya governorate. 
Anthropometric measurements of our studied groups 
showed a significant increase in the mean value of 
weight in breastfed group when compared to artificially 
fed group (p<0.05), but no statistically significant 
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differences as regard length and head circumference 
(p>0.05) Table 1 and 2. 

There are statistically increases in RBCs, MCV MCH 
and WBCs and HB mean values in breastfed group when 
compared to artificially fed group but these increases not 
reach to the significant value (p>0.05) as shown in Table 3. 

Gene Expression 

FADS2 mRNA gene expression showed a highly 
significant increased expression in our breastfed groups 
of babies by 109 folds increase vs. 5 folds for the 
artificially formula fed, Fig. 1 and the attached 
amplification plot and gene expression bars, Fig. 2 and 3. 

 

Table 1. Mean ± SD of weight (Kg) of subjects over the period of (0-12 Ws) among the studied groups 

 Group (PET-BF)  Group ll (PET-AF) 

Groups ------------------------------------------- ---------------------------------------------- 

Weight (Kg) Mean ± SD Rate\week Mean ± SD Rate\week p-value 

At Birth 2.16±0.22  2.09±0.24  >0.05 
2 Weeks 2.64±0.22 240 gm/w 2.27±0.19 185 gm/w 0.001  

4 Weeks 3.27±0.25 315 gm/w 2.59±0.29 160 gm/w 0.001  

6 Weeks 3.9±0.31 157 gm/w 3.38±0.29 197 gm/w 0.001  

8 Weeks 4.55±0.22 162 gm/w 4.04±0.41 165 gm/w 0.001  

12 weeks 5.15±0.21 150 gm/w 4.95±0.44 1 71 gm/w >0.05 

 

Table 2. Mean ± SD of head Circumference (Cm) and length (Cm) of subjects after the period of (12 Ws) among the studied groups 

 Mean ± SD 

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

Groups Group I (PET-BF) Group II (PET-AF) 

parameter N = 15 N = 15 p 

Head circum. (Cm.) 33.0±1 33.27±0.7 >0.05 

Length (Cm.)  49.3±0.62 49.47±0.92  >0.05 

 

Table 3. Comparison between breastfed and the artificially-fed groups as regards laboratory parameters at 3 months of age 

 Mean ± SD 

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

 Breastfed (N = 15) Artificially fed (N = 15) p 

RBC (×106) 4.5167±0.32 4.3767 ±0.22 >0.05 

MCV (fl) 79.4667±2.58 78.4167±2.66 >0.05 

MCH (pg) 24.85±1.1 24.8167±1.15 >0.05 

Hb (g/dl) 12.2767±0.40 12.05±0.40 >0.05 

WBC (×103) 7.69 ±2.43 7.125±1.72 >0.05  

Platelets (×103) 272.75±57.95 277.85±49.05 >0.05 

 

 
 

Fig.1. FADS2 mRNA expression by relative unit in both groups 
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Fig.  2. Indicates post-run amplification plot (ABI 7900 Fast real time machine) of group I and group II for FADS2 mRNA as 

selected target detector and GAPDH mRNA as housekeeping detector 
 

 
 
Fig. 3. Gene expression bars (ABI 7900) of the studied groups Gene expression levels of FADS2 mRNA for both two groups 

samples are indicated by green bars (Fig. 3). This color also indicates the samples in RQ. Because group II samples are used 

as calibrators, the expression levels are set to one. But because the expression levels were blotted as log10 values (and the 

log10 of 1 is 0), the expression level of the group II samples appears as zero in the graph. Fold expression changes are 

calculated using 2-∆∆CT. The FADS2 mRNA expression levels were 109 folds higher in infants who were exclusively 

breastfed in the first 12 weeks versus those who fed artificial milk 
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Discussion 

Molecular Biology of intelligence has linked DNA 
sequence with behavioral differences such as 
intelligence. Nutrition can affect the brain throughout the 
life cycle, with profound implications for mental health 
and degenerative disease. Many aspects of nutrition, 
from entire diets to specific nutrients, affect brain 
structure and function. Cognition refers to the mental 
processes involved in acquiring knowledge and the 
integration of these processes into responses such as 
learning, attention, memory, intelligence (Intelligence 
Quotient; IQ) and consciousness (Dauncey, 2009). 

Proteins also undergo modifications and interactions 
that cannot be predicted from genomics alone. 
Functional genomics operates under three major 
categories: Gene manipulation, gene expression, 
profiling and proteomics. Gene expression can be 
determined by the presence of mRNA, which could be 
transcribed into proteins. 

The pattern of growth among our groups was different 
between groups, especially gain in weight. Although 
weight differences at 3 months were similar, the genetic 
differentiation was completely different. This indicates 
that the growth and development in early infancy cannot 
be assessed by macro measurements as weight or length 
gain, but must involve more accurate and specific tests to 
ensure that the nutrients fed to the child meet its needs 
for optimal development (Zelkowitz et al., 2008). 

In our study the breast milk fed group had 
significantly higher increment rates in weight gain in the 
first 8 weeks and formula fed group did not show catch 
up except after 8 weeks of age. The difference in weight 
was collapsed between breastfed and formula fed infants 
to become non-statistically significant   at 3 months 
(5.15±0.21) (4.95±0.44) respectively p>0.05. 

The increase of genetic expression FADS2 noted in 
this study over the first 3 months, in the exclusively 
breastfed group of babies that was not seen in non 
breastfed fed indicates that the mammary gland is 
affected by practices related to early feeding which in 
turn influence gene expression. Xie and Innis (2008) 
showed that FADS1 and FADS2 influenced the fatty 
acids of pregnant women and suggested that genetic 
variation among women may influence maternal-to-
infant transfer of fatty acids during pregnancy and in 
lactation will via breast milk, influence fatty acids 
nutrition of the breast fed infant. This suggested that 
FADS2 genes may be primed during pregnancy through 
the mammary gland. This function probably continues 
during lactation and influences the genes in the newborn. 
Hence the mother supplies these fatty acids for growing 
fetus, but after birth these FA are supplied through the 
mammary gland. Hence when the newborn is several 
from this important regulatory organ, it is also deprived 
of the source that regulates gene expression. In this case 

the baby’s suckling at the breast is what probably 
controls the feedback mechanism (Morales et al., 2011). 

The effect of breastfeeding on brain development has 
been examined in many studies, especially two aspects 
of brain development, cognitive development and the 
development of visual acuity (Michaelsen et al., 1994; 
Akter and Rahman, 2010). There are a number of 
studies, which indicate that the feeding mode during 
early childhood has a long-term effect on cognitive 
development (Jedrychowski et al., 2012). Moreover, 
Lucas et al. (1992) found that infant who had been fed 
breast milk through a nasogastric tube in life had higher 
Intelligence Quotient (IQ) at 7 to 8 year of age compared 
to formula fed one and that was confirmed and cited by 
Isaacs et al. (2010). 

Many studies have explained the higher IQ shown 
in breast fed as linked to high content of long chain 
polyunsaturated fatty acids LC- PUFA; linolic acid, α 
linoliec acid; arachidonic acid and decosahexaenoic 
acid in human milk. These fatty acids are the major 
fatty acids and are of major importance for the 
development of the brain and nervous system    
(Cohen et al., 2005; Lo et al., 2012). The significant role 
played by the mammary gland on the gene function is 
shown by the absence any such an effect on the group of 
babies who were not suckling at the breast. Also 
although the artificially fed group in our study received 
milk formula supplemented with polyunsaturated free 
fatty acids yet this didn’t influence their gene expression 
or function. Other researchers found no differences in 
development between the breast-fed and artificially fed 
groups fed supplemented with LC-PUFA but studies 
were done over a short period (Steer et al., 2010). 

Moreover it indicates that the Mammary Gland (MG) 
plays an important role not only in nourishing the baby 
but also in regulating their genetic information. 
Rodriguez-Cruz et al. (2011) showed that the expression 
of desaturases in MG was significantly higher (12.3- fold 
for FADS1 and 41.2 fold for FADS2) during the late 
pregnancy and throughout lactation 31.7 fold higher for 
FADS1 and 67.1 fold higher for FADS2) than in non 
pregnant rats. Accordingly, a higher content of LC-PUF 
as was found in lactating MG than in non-pregnant rats. 
Results suggest that MG participate from late pregnancy 
and throughout lactation by expressing desaturases and 
elongases as a mechanism involved in LC-PUFAs 
synthesis (Glaser et al., 2010). 

Children who are breastfed were shown to have 
superior neurodevelopment outcomes and the duration 
of breastfeeding also affect a child’s intelligence (Park, 
2005). The effect on the IQ of babies who continue to 
breastfeed for longer duration cannot be explained by 
the mere presence for the long chain fatty acids per say, 
but are related to the extent of genetic expression. The 
term metabolic imprinting describes the process 
whereby cells have a biological memory for nutritional 
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influence that can be passed on to daughter cells 
through mitotic cell division (Rodriguez-Cruz et al., 
2011). This could be the mechanism were by the MG 
exerts its effect on FADS2 expression in the neonate 
and thus potentiating their ability to produce PUFA 
throughout their life even after weaning. 

Studies have shown that IQ differences between the 
early exclusively breastfed, particularly the preterm 
ones, remain and continue to increase with age 
(Kramer et al., 2008). This indicates the potentiated 
effect induced by the process of enhancement of gene 
expression on later brain development. This could 
explain the significantly higher response in FADS2 
expression in our group of breastfed babies. Epigenetic 
refers to stable alterations in gene expression that arise 
during development and cell proliferation and are 
subsequently retained through mitosis (Jaenisch and 
Bird, 2003). The interaction between genes and 
environment may be different between emotional 
intelligence an IQ tests. This probably indicates the 
importance of external stimuli for development of genes. 
Hence it’s important to keep mothers with babies 
together, especially in early period of life by 
implementing regimes such as continuous skin to skin 
care or Kangaroo mother care as these regimes enhance 
mother infant interactions and have been shown to have 
significant positive effects on child development. While 
such epigenetic changes in the genome are heritable but 
do not involve mutation of the DNA itself, DNA 
methylation is accepted as one of the most important 
underlying biological mechanisms regulating the 
metabolic imprinting process (Jaenisch and Bird, 2003). 
DNA methylation is the post replication process by 
which cytosine nucleotides in CpG sequences are 
methylated to 5-methylcytosine, forming gene-specific 
methylation patterns (Park, 2005). DNA methylation 
might be responsible for the stable maintenance of the 
particular gene expression pattern through mitotic cell 
division (Santos et al., 2005). Nutrition research has 
emphasized the role of diet in DNA methylation and 
effects on stable epigenetic changes. Restricted feeding 
during early phases of development causes metabolic 
imprinting that leads to increased susceptibility to 
cardiovascular disease in late life, increase insulin 
sensitivity as an adaptive response or decrease longevity. 
The hormonal milieu present during pregnancy results in 
lasting changes in the pattern in gene expression in the 
mammary gland, leading to permanent changes in cell 
fate that determine the subsequent proliferative response 
of the gland. These hormonally induced persistent 
changes in gene expression may be mediated by 
epigenetic alterations in DNA methylation status of 
promoter sequences (Park, 2005). 

The pattern of growth among our groups was 
different, with a significant higher growth rate in and 

weight gain, in addition increases in blood indices in the 
exclusively breastfed at 3 month of age. This indicates that 
the growth and development in early infancy are 
interlinked and are affected by mother infant interaction, 
infant feeding practices and the effects of genetic 
imprinting, genetic expression in a bidirectional manner, 
in which each enhances the other in a continuous cycle of 
feedback for meeting the needs for optimal early and later 
development (Forcada-Guex et al., 2006; Martin et al., 
2011). Another study by Keim et al. (2012) have shown 
that depressive symptoms in mothers were inversely 
associated with concentrations of PUFA in breast milk. 
This supports the role of mammary gland in influencing 
PUFA levels and thereby enhancing genetic expression 
as early in pregnancy. Hence enhancing mother infant 
interactions can reverse postpartum depression by 
improving PUFA levels, which in turn enhances gene 
expression controlling these fatty acids (Glaser et al., 
2011). Depression symptoms were significantly lowered 
in mothers who were encouraged to do more skin to skin 
care (Kymre and Bondas 2013). Hence the mother 
benefits from the enhanced genetic expression probably 
by interlink between FADS2 expression, PUFA and 
postpartum depression (Saleh et al., 2013). 

Conclusion 

Tissue availability of Polyunsaturated Fatty Acids 
(PUFAs) is strongly linked to the extent of genetic 
expression entailed by mammary gland during lactation. 
Dietary intake and metabolic turnover of these fatty 
acids have a major impact of human development and 
health. The higher FADS2 expression observed in the 
breast fed group may be used to predict higher IQ scores 
in the breast-fed preterm. 

 The most significant associations and the highest 
proportion of genetically variability imply the need for 
more extensive studies with large samples number to 
show the significance and outcome of such findings. 
However, our study demonstrates clear evidence of 
importance of early exclusive breastfeeding in the early 
period of critical development of the preterm for both the 
baby and the mother. 
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