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The expression of renin–angiotensin–aldosterone axis
components in infantile hemangioma tissue and the
impact of propranolol treatment
James R. Dornhoffer1, Ting Wei1,2, Haihong Zhang1, Emily Miller1, Mario A. Cleves1 and Gresham T. Richter1

BACKGROUND: Propranolol’s mechanism of action for
controlling infantile hemangioma (IH) remains unclear. We
hypothesize that this nonselective beta antagonist down-
regulates renin–angiotensin–aldosterone (RAA) axis compo-
nents, preventing angiogenic substrate induction of IH.
METHODS: IH tissue and serum were collected from children
with propranolol-treated or -untreated IH during surgery.
Normal skin and serum from demographically matched
children were used as controls. Real-time PCR and western
blot quantified RAA components in proliferative (n= 10),
involuting (n= 10), propranolol-treated (n= 12) IH, and normal
specimens (n= 11). Serum was analyzed by enzyme-linked
immunosorbent assay (ELISA).
RESULTS: There were significantly greater messenger RNA
(mRNA) levels of angiotensinogen (AGT) in proliferating IH, but
not in involuting or treated IH, when compared with controls
(Po0.05). Angiotensin-converting enzyme (ACE) and angio-
tensin II receptor 1 (AGTR1) mRNA expression was higher in all
IH specimens when comparedwith controls (Po0.05). ACE
and AGTR1 protein expression was greater in proliferating IH
tissue compared with that in controls and in involuting and
treated IH tissue (Po0.05). ELISA showed no significant
difference in ACE serum levels but did show a significant
reduction in renin in involuting compared with proliferating
IH (Po0.05).
CONCLUSIONS: The protein and mRNA expression of several
RAA pathway constituents is elevated in IH tissue when
compared with that in normal tissue. The action of
propranolol on IH may be the result of reductions in ACE
and AGTR1.

Infantile hemangioma (IH) is the most common tumor of
infancy and grows by the rapid proliferation of plump

endothelial cells with intervening capillaries and stroma (1–3).
All IHs uniquely follow a natural cycle of growth, quiescence,
and involution; however, over 40% are considered proble-
matic and are at risk for causing impending functional deficits

or disfigurement if left untreated. Both medical and surgical
interventions are aimed at arresting the early growth phase of
IH and in preventing future sequalae of proliferating lesions.
Historic interventions include laser ablation, regional or
systemic steroids, or surgical excision.
Recently, low-dose nonselective and selective beta blockade

has been shown to induce or accelerate the involution of IH in
up to 97% of cases and as early as 1–2 days of starting therapy
(2–7). Thus, propranolol, an inexpensive nonselective beta
blocker, has become the mainstay for treating problematic IH
(2–7). Propranolol’s mechanism of action remains uncertain.
Several studies have suggested a variety of biological pathways
affecting endothelial and vascular stability. Angiogenic
factors, such as vascular endothelial growth factor, endothelial
nitric oxide synthase, and hypoxia-inducible factor, have been
implicated in both the natural history and treatment of IH
(2–4,8,9.) In addition, the renin–angiotensin–aldosterone
(RAA) pathway has been shown to be involved in the
regulation of many of the angiogenic factors and processes
implicated in IH development (10–17).
The RAA pathway is an enzymatic pathway involved in

multiple physiologic processes. Its primary action has been to
influence blood pressure regulation, hemodynamic forces, and
renal function, and its primary constituents include various
proteins (renin, angiotensinogen, etc.) and their receptors
(18). Medications used to block this pathway as therapeutic
interventions include angiotensin-converting enzyme (ACE)
inhibitors and angiotensin II receptor 1 (AGTR1) blockers.
The secretion of renin, the initiating protein in the RAA
pathway, can be modulated by beta-1 agonists or reduced by
nonselective and selective beta-1 antagonists, such as
propranolol. Thus, the mechanisms by which propranolol
affects IH growth may be linked to the RAA pathway.
Experimental evidence suggests that IHs arise from aberrant

or embolic hematopoietic stem cells that exhibit the molecular
markers of early cell differentiation of placental tissue (2,4,19–22).
Ectopic transplantation of early placental progenitors, via
trauma or physical translocation, has therefore been proposed
as the source of IH. Similarly, aberrant neural crest cell
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migration, which can carry placental cells and seed broad
regions, is thought to contribute to the development of large,
segmental IHs (23–25). Many components of the RAA axis
are strongly expressed in placental tissue, for the purposes
of maternal–fetal blood flow regulation (26–28), and may
provide the necessary signaling for the growth of IH from
seeded placental cell progenitors.
IHs are more common in premature infants, female infants,

and infants of multiple gestation, as well as in certain
conditions such as gestational hypertension and preeclampsia
(1,2). These represent states of potentially hyperactive RAA
axis pathways (20–31), whereas the growth and involution of
IH mirror physiological changes in renin levels in the newborn
(32–35). In particular, renin levels are elevated over the period
during which IH growth is most rapid in the newborn, but they
reduce and normalize as IH begins to involute (5,36).
Recent reports on the role of the RAA axis in the physiology

of IH have shown angiotensin II (AGTII), a major product in
the RAA axis, to be involved in both IH and mesenchymal cell
lines (10–17). Specifically, AGTII can induce vascular cell
growth in culture, and its action can be blocked at the level of
its receptor or with ACE (15). In addition, RAA axis
components have been shown to be present in IH tissue, and
excision of IH tissue has been shown to lower serum levels of
these factors in vivo (16,17). Propranolol activity in the
treatment of IH has been well documented (2,3,5–7). However,
selective beta-1 blockers, such as atenolol, and ACE inhibitors,
such as captopril, have also been shown to have efficacy in the
treatment of IH (37,38). Both of these medications have a large
physiological effect grounded in the RAA axis, by either
reducing renin secretion through beta-1 blockade or at the level
of conversion of AGTI to AGTII. Propranolol, having both
beta-1- and beta-2-blocking capacity, will also have an impact
on normal RAA axis regulation, and this may subsequently
explain its mechanism of action in treating IH.
Thus, the RAA pathway is involved in many prenatal and

postnatal processes, perinatal conditions, and vascular cell
growth, although its role in IH growth and propranolol
therapy is not clearly defined. We believe that components of
the RAA pathway affect the natural history of IH and, if so,
would explain the action of propranolol and other non-
selective and selective beta blockers on their growth. This
study thereby examines the role of the RAA pathway,
rudimentarily demonstrated in Figure 1, in both the natural
and propranolol treatment course of IH. We hypothesized
that propranolol inhibits beta-1-dependent regulation of
renin, which acts to downregulate the RAA axis and possibly
reduce the generation and activity of end products shown to
induce angiogenic cofactors and could explain the early
involution of IH (10,11).

METHODS
Samples
This study was approved by the University of Arkansas for Medical
Sciences Institutional Review Board. Normal tissue and discrete
IH tissue samples were obtained intraoperatively from patients

undergoing surgical treatment for IH in both head and neck and
torso locations. The propranolol-treated IH samples were taken from
IH patients showing partial response or ulcerative lesions that
reduced in size but anticipated retained cosmetic defect due to skin
injury by ulcer. Early intervention was taken to improve overall
outcome with propranolol. Normal tissues were obtained from the
margin of the surgical site. The consent of patients providing samples
was properly taken as per the terms of the University of Arkansas for
Medical Sciences Institutional Review Board. All IH samples were
identified as such with GLUT1 staining and were designated as
proliferating, involuting, or propranolol-treated with respect to
patient age, clinical history, and pathology. All tissues were snap-
frozen on dry ice and stored at − 80 °C until analysis. The numbers
and demographics of these patients are listed in Table 1.
Serum samples for use in enzyme-linked immunosorbent assay

were obtained via venipuncture from a similar clinical patient
population as detailed in Table 1. In this case, normal samples came
from patients without IH. IH status in patients was determined in the
same matter as that used for the tissue sample population. Processing
procedures are detailed below.

Quantitative Reverse Transcription PCR
Approximately 30 mg of each tissue sample was used for
RNA isolation with the RNeasy Plus Kit (Qiagen, Hilden, Germany,
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Figure 1. The RAA axis. Angiotensinogen from the liver is metabolized
by renin from the kidney juxtaglomerular apparatus to angiotensin I,
which is metabolized by ACE to angiotensin II. Angiotensin II acts both
directly in tissue through its receptors and indirectly through the
inductions of aldosterone.
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cat. no. 74134). All RNA samples were then converted into comple-
mentary DNA using the TaqMan Reverse Transcription Reagents Kit
(Life Technologies, Carlsbad, CA, cat. no. 4304134) and random
primers according to the manufacturer’s instruction. Real-time PCR
amplifications were performed on the ABI 7900HT System (Applied
Biosystems, Foster City, CA). Thermal cycling conditions were as
follows: 1 cycle of 50 °C for 2 min, 1 cycle of 95 °C for 10 min,
followed by 40 cycles of 95 °C for 15 s and 60 °C for 1 min each. The
total reaction volume of 10 μl contained 5 ng of complementary
DNA template, 5 μl of 2 × PCR Master Mix (Life Technologies, cat.
no. 4304437), and 0.5 μl of 20 × primers/probe of target genes or
endogenous control assay mix. Eukaryotic 18S ribosomal RNA (Life
Technologies, Hs99999901_s1) was used as the endogenous control.
The comparative Ct method was used to determine relative
quantification. The amplification amount of all target genes was
normalized against that of 18S ribosomal RNA. Our target genes
were as follows: REN for renin (Life Technologies, Hs00982555_m1),
ACE for angiotensin-converting enzyme I (Life Technologies,
Hs00174179_m1), ACE2 for angiotensin-converting enzyme II (Life
Technologies, Hs01085333_m1), AGT for angiotensinogen (Life
Technologies, Hs01586213_m1), AGTR1 for angiotensin II receptor
1 (Life Technologies, Hs00258938_m1), and AGTR2 for angiotensin
II receptor 2 (Life Technologies, Hs02621316_s1).

Western Blot Analysis
Total proteins were extracted using the T-PER tissue protein
extraction reagent (Thermo Scientific, Waltham, MA) added with
Halt Protease Inhibitor Cocktail (Thermo Scientific) and 1 mM
EDTA (Invitrogen, Carlsbad, CA). Protein concentrations were
measured using a BCA protein assay kit (Thermo Scientific). Total
protein (20 μg) was loaded onto NuPAGE Novex 4–12% Bis-Tris
Protein Gels (Invitrogen) for electrophoresis under reducing
conditions and transferred to polyvinylidene difluoride membranes
(Bio-Rad, Hercules, CA). The membranes were blocked with 5%
non-fat milk in Tris Buffered Saline with Tween (TBST) for 1 h at
room temperature, followed by incubation with primary antibodies
at 4 °C overnight. Blots were washed with TBST three times, followed

by incubation with horseradish peroxidase-conjugated secondary
antibodies (Santa Cruz Biotechnology, Dallas, TX, 1:2,000) for 1 h at
room temperature. Blots were developed using Novex ECL
Chemiluminescent Substrate Reagent Kit (Invitrogen) in the dark
and exposed on film (Thermo Scientific). Film pictures were taken
with Image Quant LAS 4000 (GE Healthcare, Little Chalfont, UK),
and image results were analyzed with Image Quant TL 7.0 software
(GE Healthcare). Our primary antibodies and concentrations were as
follows: ACE (Santa Cruz Biotechnology, SC-20791, 1:200), AGTR1
(Santa Cruz Biotechnology, SC-1173, 1:200), angiotensin I (AGTI,
Santa Cruz Biotechnology, SC-80682, 1:200), and AGTII (Novus
Biologicals, Littleton, CO, NB100-62346, 1:400). Results were
normalized against GADPH.

Enzyme-Linked Immunosorbent Assay
Peripheral whole blood samples were obtained from venipuncture
and centrifuged at 1,000g for 15 min after 30 min of clotting at room
temperature. Serum was transferred, aliquoted, and stored at − 80 °C
until analysis. Serum levels of renin and ACE were determined
according to the manufacturer’s instructions (R&D Systems,
Minneapolis, MT). Optical density was read on an iMark microplate
absorbance reader (Bio-Rad).

Data Analysis
All samples were run in triplicate and quantified using the methods
mentioned above. Analysis was undertaken using the Kruskal–Wallis
equality-of-populations rank test to determine overall difference for
each target gene product or protein. Additional testing was done
using Bonferroni-adjusted P values from post hoc Dunn’s pairwise
comparison test to determine intragroup differences. Significance
was designated as Po0.05. We have chosen not to use age-adjusted
values because of the fact that age plays a known role in the
expression of certain RAA factors and, as such, acts as part of the
natural history of IH, which we wish to study, rather than as a
confounding factor (23–26). All analyses were performed and
approved by a house statistician.

Table 1. Demographics of the sample populations

Kruskal–Wallis equality-of-populations rank test for western blot experiment

All Normal Involuting Proliferating Propranolol treated

qPCR samples

N 43 11 10 10 12

Age (months), mean (SD) 13.84 (8.51) 9.61 (3.35) 21.95 (5.97) 7.12 (2.51) 16.57 (10.26)

Percent female 76.74 90.90 60 80 75

Treatment length (months), mean (SD) 7.68 (5.18)

Western blot samples

N 63 13 19 18 13

Age (months), mean (SD) 14.36 (8.74) 10.08 (4.00) 21.95 (5.97) 7.12 (2.51) 16.56 (10.33)

Percent female 76.19 76.92 68.42 77.78 84.61

Treatment length (months), mean (SD) 7.51 (4.94)

ELISA samples

N 32 8 8 8 8

Age (months), mean (SD) 18.17 (11.54) 24.48 (11.09) 25.64 (12.83) 8.73 (5.21) 13.84 (6.49)

Percent female 71.88 75 75 75 62.5

Treatment length (months), mean (SD) 8.92 (4.26)

ELISA, enzyme-linked immunosorbent assay; qPCR, quantitative PCR.
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RESULTS
Quantitative Real-Time PCR
Results are detailed in Figure 2 as the mean mRNA level
along with SE of each sample group ascertained using
the comparative Ct method for quantitative PCR for the
genes AGTR1, ACE, and AGT (angiotensinogen), which
encodes the precursor protein to AGTI and AGTII. There
was no amplification of the mRNA product for REN
(renin), ACE2 (angiotensin-converting enzyme 2), or AGTR2

(angiotensin II receptor 2), and, as such, these gene products
are not listed.
Statistical analysis of these results is detailed in Table 2.

There was a significant difference among the sample groups
for AGTR1, ACE, and AGT (P= 0.0084, P= 0.0005, and
P= 0.0291, respectively). Post hoc analysis showed signifi-
cantly elevated levels of AGTR1 in involuting, proliferating,
and propranolol-treated IH tissue compared with normal
tissue (P= 0.0377, P= 0.0095, and P= 0.0139, respectively).
Similarly, significantly elevated levels of ACE were found in
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Figure 2. Quantitative real-time PCR analysis of RAA constituents in IH and normal tissue. mRNA levels of ACE and AGTR1 are increased in
proliferating, involuting, and propranolol-treated IH tissue compared with normal tissue. mRNA levels of AGT are also significantly increased in
proliferating IH tissue compared with normal tissue. Renin, ACE2, and AGTR2 showed no amplification and, as such, are not listed above.

Table 2. Statistical analysis of qPCR analysis of RAA axis components in IH and normal tissue

Kruskal–Wallis equality-of-populations rank test for qPCR experiment

All Normal Involuting Proliferating Propranolol treated P value

AGTR1

N 43 11 10 10 12

Median (IQR) 3.52 (2.72) 0.48 (3.21) 4.03 (1.88) 4.14 (4.35) 3.86 (2.19) 0.0084

ACE

N 43 11 10 10 12

Median (IQR) 3.20 (4.49) 0.97 (1.58) 3.86 (2.98) 8.16 (7.19) 2.87 (2.47) 0.0005

AGT

N 43 11 10 10 12

Median (IQR) 2.42 (2.37) 1.00 (2.47) 2.96 (2.73) 3.14 (1.17) 2.45 (3.67) 0.0291

Bonferroni-adjusted P values from post hoc Dunn’s pairwise comparison test

Normal vs.
involuting

Involuting vs.
proliferating

Normal vs.
proliferating

Involuting vs.
propranolol

Normal vs.
propranolol

Propranolol vs.
proliferating

AGTR1 0.0377 1.0000 0.0095 1.0000 0.0139 1.0000

ACE 0.0054 1.0000 0.0002 1.0000 0.0317 0.3395

AGT 0.0579 1.0000 0.0229 1.0000 0.0792 1.0000

ACE, angiotensin-converting enzyme; AGT, angiotensinogen; AGTR1, angiotensin II receptor 1; IH, infantile hemangioma; IQR, interquartile range; qPCR, quantitative PCR; RAA,
renin–angiotensin–aldosterone.
Statistical significance was defined as Po0.05. Significant relationships in the analysis above are in bold type.
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involuting, proliferating, and propranolol-treated IH tissue
compared with normal tissue (P= 0.0054, P= 0.0002, and
P= 0.0317, respectively). Finally, a significant elevation in
AGT mRNA was found in proliferating IH tissue compared
with normal tissue (P= 0.0229).

Western Blot Analysis
Results are detailed in Figure 3 as the mean protein level
along with SE as determined by the fluorescence level of each
sample group, normalized against GADPH, using the
methods detailed in the appropriate section. Proteins chosen
for western blot analysis included AGTR1, ACE, AGTI, and
AGTII. Because of the lack of amplification of the mRNA
product for REN, ACE2, or AGTR2, these protein products
were exempt from further examination. Results of the analysis
are detailed in Table 3. There was a significant difference
among the sample groups with respect to AGTR1 and ACE
(Po0.0001 and Po0.0001, respectively). No significant
differences were noted for levels of AGTI or AGTII
(P= 0.4561 and P= 0.8158, respectively). Post hoc analysis
showed significantly elevated levels of AGTR1 and ACE in
proliferating IH tissue compared with normal tissue, involut-
ing IH tissue, and propranolol-treated IH tissue (Po0.0001,
P= 0.0351, and P= 0.0009, respectively, for AGTR1;
P= 0.0004, Po0.0001, and P= 0.0006, respectively, for ACE).

Enzyme-Linked Immunosorbent Assay
Results are detailed in Figure 4 as the mean of optical density
of each sample group along with SE as ascertained by the
methods detailed in the appropriate section.
The results of the analysis are detailed in Table 4 and show

a significant change among the sample groups for renin
(P= 0.0124). No such significance was noted among the
sample groups for ACE (P= 0.8979). Post hoc analysis showed
the serum levels of renin in patients with involuting IH to be
significantly lower than those in patients with proliferating IH
(P= 0.0035).

DISCUSSION
Experimental and clinical evidence has demonstrated RAA
pathway components to be involved in perinatal, placental,
and vascular processes. The present study provides a detailed
analysis of protein and mRNA expression of the RAA axis in
IH, at various stages of growth and treatment, with controlled
comparisons. Results from this work indicate the role of
various components of the RAA pathway in the etiology of IH
and the impact of its most important medical therapy. In
particular, mRNA expression of ACE and AGTR1 was
elevated in IH compared with demographically matched
normal samples. We also showed that protein levels of ACE
and AGTR1 are higher in proliferating IH compared with
those in the involuting or propranolol-treated counterparts.
Serum levels of ACE, a major soluble enzyme in the RAA
pathway, did not change with involution or treatment of IH.
However, reductions in renin serum levels suggest a possible
age-related change in renin in involuting IH.
ACE and AGTR1 generate or transduce the effect of AGTII,

which has been shown to induce IH growth in culture and to
induce RAA axis components in endothelial cells (13–15).
The anticipated difference in AGTII levels among our study
groups, however, was not demonstrated, but it could be
explained by the in vitro breakdown of localized AGTII spikes
by local proteolytic enzymes called angiotensinases. The
activity of these enzymes gives AGTII a half-life of just
minutes (18). This study may have been unable to capture and
process specimens with sufficient time to detect a local
difference between samples with respect to AGTII. Also,
regardless of AGTII levels, we postulate that increased AGTII
activity may still be evidenced by elevated levels of its
receptor, AGTR1, which our study did show.
Mesenchymal stem cell cultures demonstrated the induc-

tion of hypoxia-inducible factor by AGTII, a known mediator
of vascular growth in IH. Hypoxia-inducible factor has been
shown to induce vascular endothelial growth factor and other
downstream angiogenic factors to cause endothelial and
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Figure 3. Western blot of RAA constituents in IH and normal tissue. Levels of ACE and AGTR1 are elevated in proliferating IH tissue compared with
those in normal tissue and other types of IH tissue. Levels of angiotensin I and angiotensin II show no significant changes.
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mesenchymal cell hyperplasia (10–12). In addition, through
some of the same pathways, AGTII has been shown to
upregulate additional components of the RAA axis, perhaps
resulting in a positive-feedback loop within the affected tissue
(13,14). This could explain some of the RAA pathway changes
we saw in our results. Namely, if IH is being acted upon by
the elevated levels of AGTII, in addition to stimulating

hemangioma growth, AGTII should also cause an elevation of
RAA pathway products, such as ACE and AGTR1, which
were seen in our IH samples.
Results similar to our own have also been shown in

hemangioma cell culture. Namely, at least one study
demonstrated that AGTII can induce hemangioma growth,
and blockade of its action can prevent or reduce hemangioma

Table 3. Statistical analysis of western blot analysis of RAA axis components in IH and normal tissue

Kruskal–Wallis equality-of-populations rank test for western blot experiment

All Normal Involuting Proliferating Propranolol treated P value

AGTR1

N 63 13 19 18 13

Median (IQR) 0.38 (0.27) 0.22 (0.21) 0.39 (0.16) 0.49 (0.14) 0.25 (0.18) o0.0001

ACE

N 62 12 19 18 13

Median (IQR) 0.61 (0.54) 0.50 (0.26) 0.52 (0.55) 1.04 (0.34) 0.51 (0.52) o0.0001

ANGI

N 63 13 19 18 13

Median (IQR) 0.43 (0.21) 0.46 (0.21) 0.43 (0.22) 0.45 (0.14) 0.36 (0.15) 0.4561

ANGII

N 63 13 19 18 13

Median (IQR) 0.86 (0.95) 0.73 (0.95) 0.71 (0.91) 0.85 (1.07) 0.96 (0.43) 0.8158

Bonferroni-adjusted P values from post hoc Dunn’s pairwise comparison test

Normal vs.
involuting

Involuting vs.
proliferating

Normal vs.
proliferating

Involuting vs.
propranolol

Normal vs.
propranolol

Propranolol vs.
proliferating

AGTR1 0.0665 0.0351 o0.0001 0.5153 1.0000 0.0009

ACE 1.0000 o0.0001 0.0004 1.0000 1.0000 0.0006

ACE, angiotensin-converting enzyme; AGTR1, angiotensin II receptor 1; IH, infantile hemangioma; IQR, interquartile range; RAA, renin–angiotensin–aldosterone.
Statistical significance was defined as Po0.05. Significant relationships in the analysis above are in bold type.
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Figure 4. ELISA of RAA constituents in serum. Results show significant decreases in serum renin levels in involuting IH compared with proliferating
IH. No differences were noted in ACE levels.
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proliferation (15). Results from the same laboratory showed
that excision of the tumor can reduce the levels of renin and
AGTII in vivo (16). These findings support the notion that
AGTII not only induces tissue growth but also modulates its
own availability through the upregulation of RAA axis
components. This mirrors our own results, which demon-
strate a general increase in RAA axis expression in IH that is
downregulated with propranolol treatment. However, our
study offers an arguably more conclusive analysis of RAA axis
involvement in IH by looking at both gene expression and
protein level within the IH tissue itself, rather than just serum
levels or culture activity, which may be subject to more
confounding variables.
We thereby provide a hypothetical pathway of IH growth

based upon the RAA axis that might help explain our
experimental data and provide future investigational targets
(Figure 5). IH tissues express RAA genes, such as ACE and
AGTR1, at elevated levels (Figure 2). This leads to rapid
cellular turnover, with the upregulation of protein levels of
ACE and AGTR1 (Figure 3). These factors then act to sustain
focally high levels, and/or activity, of AGTII. Increased AGTII
acts to increase cell proliferation through the generation of
angiogenic factors (10–12). AGTII also acts as a cofactor to
upregulate RAA axis components, such as ACE and AGTR1,
creating a positive-feedback loop and further driving AGTII
activity in IH tissue. Propranolol can downregulate the RAA
axis through its activity on beta-1-dependent renin secretion,
seen as a reduction of ACE and AGTR1 levels in our study.
This subsequently reduces the activity of AGTII and its direct
effects on IH growth and its positive-feedback cycle.
Disruption of this feedback cycle assists the early involution
of IH tissue by downregulating certain proteins under control
of AGTII.
This process explains several previous studies and observa-

tions, in addition to those listed above. For example,
decreased downregulation of AGTII-controlled factors

explains the previously discovered reductions in endothelial
nitric oxide synthase, an endothelial cell mitogen and
permeability factor, in both treated and involuting IH. The
initial rapid reduction of IH (hours to days) to beta blockade
may be explained by this phenomenon and the decrease in
vasodilatory NO (39,40). In addition, with this hypothetical
pathway, the limited efficacy of ACE inhibitors on IH may
also be explained, as dosing schedules may be unable to block
the substantially increased levels of ACE in IH. Finally, this
pathway could be used to explain age-related involution of IH.
The physiologic reduction of renin in newborns acts similarly
to the beta-1 blocker-dependent reduction of renin, but over a
longer timeline. This is supported by the observed reduction
of serum renin levels in involuting IH, as shown in Figure 4.
At birth, high levels of renin allow for the creation of positive-
feedback loops in IH tissue, which cause AGTII-mediated
proliferation. As renin levels fall, levels of AGTII will decrease
such that it can no longer sustain a positive-feedback loop and
the tissue involutes.
The present study is limited by a small sample size and

heterogeneous sample population made necessary by the
influence of age and gender in the natural history and
epidemiology of IH. We also did not demonstrate differences
in AGTII, a protein central to the RAA pathway; however,
this may be due to the very rapid breakdown of AGTII in
tissue due to the activity of angiotensinase, preventing
accurate detection in a processed sample (38). We have also
employed a post hoc viewpoint to the experimental method to
explain our differences between experimental groups. We did
not directly isolate and assess the ongoing effects of the RAA
pathway on IH but did demonstrate discrete ‘snap-shots’ of
the pathway. This was made necessary due to the nature and
availability of tissue samples in our institution.
Future studies are planned to modulate the pathway using

IH tissue cultures supplemented with ACE, AGTR1, AGTII,
and blockers of said components. This will allow a more

Table 4. Statistical analysis of ELISA analysis of RAA axis components in IH and normal tissue

Kruskal–Wallis equality-of-populations rank test for ELISA experiment

All Normal Involuting Proliferating Propranolol treated P value

Renin

N 31 8 8 8 7

Median (IQR) 1282.21 (798.55) 1187.00 (611.63) 907.07 (432.18) 1778.00 (549.33) 996.14 (810.83) 0.0124

ACE

N 32 8 8 8 8

Median (IQR) 187.37 (74.71) 172.67 (93.04) 189.45 (54.40) 164.01 (100.20) 188.97 (44.25) 0.8979

Bonferroni-adjusted P values from post hoc Dunn’s pairwise comparison test

Normal vs.
involuting

Involuting vs.
proliferating

Normal vs.
proliferating

Involuting vs.
propranolol

Normal vs.
propranolol

Propranolol vs.
proliferating

Renin 0.5607 0.0035 0.1628 0.8435 1.0000 0.1191

ACE, angiotensin-converting enzyme; ELISA, enzyme-linked immunosorbent assay; IH, infantile hemangioma; IQR, interquartile range; RAA, renin–angiotensin–aldosterone
Statistical significance was defined as Po0.05. Significant relationships in the analysis above are in bold type.

RAA axis in infantile hemangioma | Articles

Copyright © 2017 International Pediatric Research Foundation, Inc. Volume 82 | Number 1 | July 2017 Pediatric RESEARCH 161



effective determination of the causal relationship of RAA
components with the growth of IH isolates and a closer
examination of the levels of AGTII free of the in vitro milieu.
Of note, this study examines only focally developing IH and
not segmental IH, which may demonstrate a wholly different
process with respect to the RAA pathway.
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