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The ultimate goal of this research is to determine if FOXP2 gene expression levels in neonatal saliva can serve as a noninvasive biomarker to predict oral 
feeding readiness in the premature neonatal population. 

We  would like to thank all the mothers and infants who participated in this study, as well as  staff in the Tufts Medical Center NICU and  members of the Mother Infant Research 
Institute at Tufts.

Many premature infants must confront the challenge of learning to orally feed before being discharged from the neonatal intensive care unit (NICU). The
extended time that it takes most premature infants to attain the oromotor coordination necessary for oral feeding often prolongs the infant’s NICU stay,
which can in turn result in increased medical costs. For some preterm infants, poor oromotor coordination can persist into childhood and has been shown
to be correlated with other oromotor skills such as speech production. This study examined the forkhead box protein P2 (FOXP2) gene expression levels in
premature infants’ saliva. We chose to examine the FOXP2 gene because neurons that express FOXP2 are found in a network of neuronal circuits involved
in normal speech development and that may also be involved in the oromotor skills required for successful oral feeding. We measured oral feeding
progression by documenting the number of days required for each infant to reach full oral feeds. Saliva samples were obtained from twenty clinically stable
premature infants (13 males; 7 females), born between 30-34 weeks’ gestational age (GA) with a birthweight >1500g, before 35 weeks’ post-menstrual age
(PMA), a critical period for oromotor emergence. We hypothesized that preterm infants with lower expression levels of FOXP2 expression would require
more time (days) to attain full oral feeds and that males would have a lower expression level than females. A Linear Regression Model showed that when
sex and GA were controlled for, a higher FOXP2 expression level resulted in less time (days) required for the infant to reach full PO. In addition, males
expressed a lower level of the FOXP2 gene. These results are the first to show that FOXP2 is a contributing factor to oral feeding success and that soon
after birth males tend to express lower levels of the FOXP2 gene compared to females, which may explain some of the sex differences we see in the
emergence of speech-language skills early in development.

FOXP2
• Recent studies provide a foundation of strong evidence for genetic influences in speech and language disorders (Bishop, North, & Donlan, 1995). 

FOXP2 was the first gene to be implicated in a developmental disorder of speech and language when nearly half of a three-generation pedigree (the KE 
family, Fig. 1) were affected with a severe verbal dyspraxia, or difficulty planning the motor movements required for speech (Vargha-Khadem et al., 
1995). 

• The most distinct phenotype of affected family members was the inability to sequence motor movements necessary to articulate non-words with 
complex articulation in a repetition task. While a wide range of written and oral language deficits were also observed in affected family members, non-
verbal cognition deficits were less severe, suggesting that the speech and language deficits were related to a common underlying factor (Watkins et al., 
2002)

• The locus responsible (SPCH1) for the widespread speech and language impairments of affected KE family members was mapped to a 5.6-cM region on 
chromosome 7 (7q31), between D7S2459 and D7S643. It was found that all affected KE family members carried a heterozygous mutation in FOXP2, 
characterized by an arginine-to-histidine substitution when the protein was encoded (Fisher et al., 1998).

• Further support for genetic influence in speech and language disorders arose when an unrelated individual, referred to as C.S., presented with similar 
speech and language deficits as the affected KE family members, and a chromosome translocation was found in the same SPCH1 area as the KE family 
mutation (Fig. 2)  (Lai et al., 2000).

• The ability to learn and perform motor sequences appears to rely on distinct circuits, or connections between multiple areas in the brain, that 
interconnect the cerebral and prefrontal cortex with the basal ganglia and cerebellum (Diamond, 2000). Brain imaging studies of the KE family 
members revealed  underactive regions (compared to baseline) of motor neurons known to control the face and mouth, while other areas of the brain 
responsible  for sequencing motor movements for speech were overactive (compared to people without speech or language impairments)  (Vargha-
Khadem et al., 1998).

• Among many tissues in the body, including saliva, expression of FOXP2 is distributed throughout the neuronal circuits of the brain involved in learning, 
planning, sequencing, executing, and refining motor movement and fluctuates throughout development (Shu et al., 2007; Campbell, Reep, Stoll, Ophir, 
& Phelps, 2009; W Enard et al., 2009; Ferland, Cherry, Preware, Morrisey, & Walsh, 2003; C. S. L. Lai et al., 2003; Liegeois et al., 2003; Reimers-Kipping, 
Hevers, Paabo, & Enard, 2011; Spiteri et al., 2007; Takahashi et al., 2008; Teramitsu, Kudo, London, Geschwind, & White, 2004).

• Highly similar forms of Foxp2 are also found in other species. When mutated, deficits in vocalization and motor movement are observed. For example, 
mice with heterozygous Foxp2 mutations present with impaired ultrasonic vocalizations (Bowers, Perez-Pouchoulen, Edwards, & McCarthy, 2013; Fujita 
et al., 2008), defects during lung alveolarization, and defects in the muscles surrounding the esophagus (Shu et al., 2007). Following a homozygous 
mutation to foxp2 mice pups had severe reductions in cerebellar growth, impairment in motor movements, and died approximately 3-4 weeks after 
birth (French et al., 2007; Fujita et al., 2008; Gaub, Groszer, Fisher, & Ehret, 2010; Groszer ., 2008; Shu et al., 2005). Additionally, zebra finches with 
heterozygous mutations of Foxp2 were shown to have incomplete and inaccurate vocal imitations during song learning (Haesler et al., 2007).

Figure 1: Pedigree of KE family. Filled shapes = affected members; 
open shapes = unaffected members; circles = females; squares = 
males; / = deceased (Fisher et al., 1998)

Figure 2: Graphic of the human FOXP2 locus, with sequence variants identified 
in subjects with verbal dyspraxia (Fisher, Lai, & Monaco, 2003).

Participants
Inclusion criteria:
• Born between 30-34 weeks’ gestation age (GA)
• Born with a birth weight >1500 grams
Exclusion criteria:
• Major chromosomal anomalies
• Participants were not excluded on the basis of 

racial/ethnic group membership or socio-
economic status

Demographics:
• A total of twenty infants (13 males; 7 females) 

participated
• Parents identified the race of the infant as 

White (13), Hispanic (4), and Asian (2)
• The mean maternal age was 29 years old. The 

range of maternal age was 15-38 years old.

Procedures
Saliva extraction:
• After presenting the rationale for this study, consent was obtained from parents.
• Two salivary samples were collected at a single time point using a 1mL syringe 

attached to low wall suction. The neonate’s oropharynx was gently suctions (<1 
minute) and saliva was immediately stabilized

• Samples  were stored at 4° Celsius for a minimum of 48 hours prior to RNA extraction 
with the use of the RNA Protect Saliva Mini Kit.

• DNase digestion was performed on all samples to eliminate DNA contamination. 
• Samples were stored at -80°C pending analysis.

PCR Analysis:
• Life Technologies ViiA™7 real-time PCR instrument with the use of the Path-ID™ Multiplex One-Step RT-PCR Kit was used to obtain relative 

quantitative gene expression differences prior to statistical analysis.
• The normalized value of FOXP2 expression, represented as the delta Ct (∆Ct),was calculated following normalization with the use of three reference 

genes: GAPDH, HPRT1, YWHAZ.
• For each sample, FOXP2 was run in triplicate, multiplexed one time each with the three reference genes.
• Negative controls with nuclease-free water were run on each plate.
• Unfortunately, the gene HPRT1 did not perform similarly, and significantly differed between the assays.
• Since this difference could impact results, the data was analyzed again, without HPRT1, to account for the difference in assays when FOXP2 was run 

with HPRT1 in the initial analysis.

Oral Feeding Data Collection:
• The following birth information was collected for each infant: date of birth, race, sex, birth weight, birth gestational age (GA)
• When oral feeds (PO) were initiated, the number of days to reach full PO were recorded for each infant. The infant’s weight at time of first PO was also 

documented.

Oral Feeding
• Beyond speech and language development, we speculate that FOXP2 also plays a critical role in the oral feeding skills. 
• Successful oral feeding skills are dependent on the development of structures in the upper aerodigestive tract and the emergence of sensory and 

motor processes during prenatal development (Bowie, & Claire, 1982; Gryboski, 1969), as well as postnatal pulmonary and gastrointestinal function 
(Arvedson, 2006).

• The movements of oral, lingual, pharyngeal, and laryngeal structures emerge in a succession from basic to complex patterns, beginning in utero and 
continuing through postnatal development (Arvedson & Brodsky, 2002). 

• Oral feeding is a complex sensorimotor process that requires coordination of sucking, swallowing, and breathing (Gryboski, 1969; Matthew, 1991). A 
breakdown in the coordination can result in aspiration, hypoxia, or choking. Persistent and unaddressed feeding and swallowing disorders may 
manifest overtime and can result in adverse effects, such as bronchiolitis, pneumonia, or feeding aversions (Arvedson, 2006). 

• Preterm infants are known to have delays in oral feeding development, characterized by oromotor dyscoordination and immature sucking skills 
compared to full term infants (Selley, Ellis, Flack, & Brooks, 1990). 

• The development of sensorimotor skills needed to coordinate the suck-swallow-breathe sequence are not established before 32 weeks’ PMA 
(Bertoncellie et al., 2012), and while some research indicates that a healthy preterm infants likely sucks and swallows  by 34 weeks’ PMA (Arvedson, 
2006), other studies claim the ability to integrate breathing is not yet established by this time (Mizuno & Ueda, 2003).

• The most frequent indicator of discharge readiness for infants in the NICU is the ability to orally feed from a bottle (“Hospital discharge of the high-risk 
neonate,” 2008), however, assessment of sucking and feeding in the NICU is extremely subjective. 

• Recent research has focused on the development of more objective assessments to implement targeted therapeutic strategies (Zimmerman & Barlow, 
2012; Barlow, Finan, Lee, & Chu, 2008; Maron, 2012; Adams-Chapman, 2006), however, none of these approaches have examined the complex 
molecular underpinnings involved in oral feeding maturity.

Sex Differences
• Previous reports indicate there may be sex differences in FOXP2 expression; 4-year old males were found to have significantly lower expression of 

FOXP2 in the left hemisphere than females (Bowers et al., 2013).
• Additionally, there are known sex differences in speech language development, as girls produce their first words (Maccoby, 1966) and sentences 

(Ramer, 1976) at a younger age than boys.

• This data provides preliminary evidence that FOXP2 expression levels at the critical time when an infant is learning to feed may be an objective 
measure to predict oral feeding readiness.

• When sex and birth GA age were controlled for, a higher FOXP2 expression level resulted in less time (days) required for the infant to reach full PO.
• Males had a higher expression of Delta Ct which indicated a lower expression level of the FOXP2 gene. 
• These results are the first to show that FOXP2 is perhaps a contributing factor to oral feeding success and that soon after birth males tend to express 

lower levels of the FOXP2 gene compared to females.
• Older mothers had infants with higher expression levels of FOXP2 at the time of the first oral feed. We speculate that older mothers had a higher 

education level, and plan to investigate this further.
• We will continue to follow these infants until 18 months to see if the FOXP2 expression correlated with speech-language outcomes.
• We hope to continue this study with a larger sample size to persist in the acquisition of more quantitative measures indicative of oral feeding 

readiness.

Figure 3: Schematic of Methods
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Subject 
Number Sex Birth GA (wks) Birthweight (g) PMA at Salivary Sample Weight at Salivary Sample PMA at Full PO

FOX1 Male 33.3 2562 34.1 2390 35.1

FOX3 Male 30.5 1500 31.2 1338 35.3

FOX4 Male 33.5 2442 35 2315 34.3

FOX5 Male 32.2 1910 32.5 1794 36.1

FOX6 Male 33.3 1985 33.5 1984 33.4

FOX7 Female 32.2 1919 32.5 1764 34.1

FOX8a Male 31.3 1769 33.5 1883 37

FOX8b Male 31.3 1600 33.5 1647 36.2

FOX9 Male 32.6 2105 33.3 2082 37.2

FOX10 Female 31.2 1780 33.1 1754 35.3

FOX13a Male 33.1 1600 33.3 1514 34.6

FOX13b Male 33.1 1905 33.3 1820 34.5

FOX14 Male 31.6 2025 33.3 1956 34.1

FOX15 Female 33.4 1632 34 1495 33.6

FOX16b Female 30.6 1587 33.1 1592 34.6

FOX18 Female 33.6 1965 34.1 1855 34.3

FOX20 Female 33.2 1929 33.6 1774 33.2

FOX21 Female 31 1539 33.6 1629 37.5

FOX22 Male 33 1555 34.1 1659

FOX23 Male 32.6 2052 34.1 2088 35.2

Average 13 male; 7 female 32.33 1868.05 33.435 1816.65 35.03157895

Standard 
Deviation 1.042 289.81 0.78 266.25 1.27

Why we chose to analyze FOXP2 gene expression levels in 
saliva rather than blood:

1. Saliva samples are noninvasive, which is essential 
when working with premature infants

2. Saliva samples can be less costly for genetic research
3. Parents find saliva sampling more acceptable than 

blood and therefore are more likely to participate in 
the study
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Note: The greater the value of Delta Ct, the less of the target FOXP2

Variables Statistical Analysis Significance

Delta Ct vs. Days from First PO to Full PO Pearson Correlation
0.249

Delta Ct vs. Days from First PO to Full PO
*Covariates: Birth GA and Sex

Linear Regression Model
*0.043

Pearson Correlation
• A Pearson Correlation was completed to assess the relation between Delta Ct and the number of days required to reach full PO from the first oral feeding.  
• A p-value of 0.249 indicated that there was not a significant correlation between these variables.

Linear Regression Model
• Gestational age (GA) and sex are variables that are known to impact the progression of successful oral feeding skills.
• A Linear Regression Model was completed in which we controlled for GA and sex by entering the respective data as covariates.
• When the GA and sex variables were controlled for, a significant p-value of 0.043 was obtained.

Results (cont.)

Hypothesis 1 Hypothesis 2

Results

Additional Findings:


