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Figure 1. Iron deficiency anemia is most
prevalent in developing countries. WHO
data on the worldwide prevalence anemia.
Approximately 50% of anemia cases are
due to iron deficiency.

Experimental Design and Methods
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Hemoglobin level of FeD neonatal rats

•Hemoglobin (Hgb) and brain Fe analyses: Confirm iron deficiency
•Brain regions mRNA level assessment by qPCR: Glut1, Vwf, Vegfa, and Ang2
•Fluorescence Immunohistochemistry: Quantify microvessel density in the neonatal 
brain using CD31 antibody.
•Nuclear protein Western Blot: Assess Hif1α expression.
Statistics: Statistical significance was evaluated using student t-test, one-way ANOVA

and Tukey’s multiple comparison test. Data are presented as mean ± SEM.
Groups not sharing a common superscript are significantly different (P < 0.05).

Data are presented as mean ± SEM. Groups not sharing a common superscript are significantly 
different (P < 0.05). N=20 (P1), N=10-18 (P7), N=10-12 (P14), N=10-18 (P30). 

Figure 7. Representative images of microvessel branch points in the cerebral cortex and
hippocampus of P14 rats. Microvessels (green) were visualized by fluorescent
immunohistochemistry using a CD31 antibody. Graphs (Figure 5) are quantitation data of vessel
branch points of 40um-brain slices in a 11,004,000μm3 region. n = 8-10.
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Figure 2. Experimental Design Summary. We
rendered pregnant Sprague-Dawley rats Fe-
deficient from early gestation through weaning.
Iron deficiency were induced through Fe-
deficient diets (6.0-8.8ppm Fe). All animals have
access to DI water, 12-hour dark light cycle. At
postnatal day 7 (P7), some of FeD dams and
pups were put on Control diet for Fe repletion.
The group size (N) represents number of
animals/samples. At postnatal day 1 (P1), 7 (P7),
14 (P14) and 30 (P30), male pups were
sacrificed for analysis. This figure represents the
summary of 2 separate experiments. (FeD: Iron
Deficiency, FeD-R or R: Iron Repletion)

• Iron (Fe) deficiency is the
primary cause of anemia,
affecting more than billion people
worldwide, especially pregnant
women and young children.

• Iron deficiency anemia (IDA)
impacts brain development and
leads to poor cognitive outcomes

• Chronic hypoxia increases the density of the microvessels in mouse cortex as 
the result of an increase in expression of genes involved angiogenesis.2

• We previously demonstrated Fe deficiency (FeD) increase expression of 
angiogenesis-associated genes and endothelial cell marker genes. 

• We also found FeD increase blood vessel density in the developing brain.3

IDA, hypoxia and angiogenesis

Activated Hif1αHypoxiaIron deficiency

Experiment*1*,*Hemoglobin*level*(g/dL)*
!! P1! P7! P14! P30!

Control! 9.98±0.91a! 9.10±1.04a! 9.03±0.70a! 10.93±0.60a!

FeD! 7.27±0.94b! 5.27±1.22b! 4.40±1.01b! !!
FeDR!! !! !! 5.16±0.47b! 10.82±0.88a!

! Experiment*2*,*Hemoglobin*level*(g/dL)*
!! P1! P7! P14! P30!

Control! 10.1±0.28a! 9.31±0.46a! 9.14±0.70a! 11.69±1.62a!

FeD! 6.84±1.75b! 4.34±0.81b! 4.25±0.78b! 4.14±0.88b!

FeDR!! !! !! 5.70±1.33c! 10.70±1.69a!

!

Figure 3. Fetal/neonatal iron deficiency but not iron replete induces expression of angiogenesis genes and transferrin
receptor gene in all three regions of the brain since birth. Half brains, hippocampi or cerebral cortices were collected from P1,
P7, P14 and P30 pups, total RNA was extracted, and cDNA was synthesized. Quantitative real-time PCR (qPCR) was performed for
several endothelial cell associated genes. Angiopoietin 2, Ang2, Vascular endothelial growth factor a, Vegf, Glucose transporter,
Glut1, Von Willebrand factor, Vwf, Transferrin receptor 1, TfR1. Relative mRNA levels are calculated relative to an internal control
cDNA sample. Data are presented as mean ± SEM. n = 8 – 10. Groups not sharing a common letter are significantly different
(P<0.05).

Increase mRNA expression of angiogenesis-associated genes since P1 and P7 in FeD

Similar mRNA expression of angiogenesis-associated genes in FeDR and Control in P30 

FeD but not FeDR induces mRNA expression of angiogenesis-associated genes in P14

Endothelial 
integrity marker is 
not altered in FeD

Figure 4. Fetal/neonatal
iron deficiency did not
alter endothelial integrity
marker. Quantitative real-
time PCR (qPCR) was
performed on brain cDNA
samples for Plasmalemmal
vesicle-associated protein
PV1. Data as mean±SEM.
n = 8-10.

Microvessel density increases in FeD but regresses in FeDR  
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Possible increase in Hif1α protein level in FeD brains in P7 and P14 

Figure 6. Quantitation of microvessel branch points in the cerebral cortex and hippocampus of
neonatal rats. Vessel branch points were trending increased in FeD at P1 and P7 in both brain
regions. At P14, a significant increase in vessel branch points were observed in both regions of FeD
group but not in FeD-R. By P30, FeD-R had approximately the same vessel branch points with control.
n = 8-10.

• Low Hgb and increase in Transferrin receptor mRNA expression at birth and 
throughout FeD period implies the lack of iron in the developing brain.
• FeD induces mRNA expression of angiogenesis-associated genes since birth 
suggesting vasculature remodeling could happen in the new born animals. 
• Repletion of Fe decreases mRNA level of angiogenesis-associated genes and 
vessel branch points compared to FeD, suggesting vessel regression. 
• Endothelial structural marker PV1 mRNA expression is not altered in FeD, 
further assessment of vessel integrity is needed to evaluate functionality of FeD-
induced neovasculature.
• Western blot data shows a possible increase in Hif1a expression in FeD but 
not FeDR animals, suggesting FeD-induced angiogenesis is likely driven through 
hypoxic hypoxia.

Summary

Figure 5. Fetal/neonatal iron deficiency results in a trending increase of Hif1α
protein level in the developing brains. Half brains were collected from P7 and
P14 pups, brain nuclear proteins were extracted and ran on SDS gels. The gel
products were transferred to a nitrocellulose membrane. Western Blot was
performed using Hif1α mouse antibody at 1:500 dilution. Representative images of
Hif1α bands were shown on the left for P7 and P14 rat pups. Graphs presents
quantitation of Hif1α protein level using densitometry. Data are presented as mean
± SEM. n = 4 for Control and FeD in P7. n = 2 for Control, n= 3 for FeD and FeD-R
in P14. The common letter indicates no significant difference among groups.
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