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Keratoacanthoma (KA) is a variant of cutaneous squa-
mous cell carcinoma (SCC) known for rapid growth
and potential for involution. Little is known about the
basis for the rapid growth because of the dearth of
model systems. We hypothesized that amphiregulin
(AR), a keratinocyte autocrine growth factor, had a
significant role. Using immunohistochemistry, we
compared 21 KA, 6 conventional SCC, and 6 basal cell
carcinomas (BCC) for AR expression. All KA were
positive for AR, the majority with strong immunore-
activity. The SCC were positive (5 of 6), with generally
weak staining; no BCC were positive. We developed
laboratory model systems to study AR overexpression
in keratinocytes and its role in the pathogenesis of
KA. A retroviral transduction strategy was used to
overexpress AR in the HaCaT keratinocyte-like cell
line. The AR overexpressing cells (HaCaT-AR) dis-
played autonomous proliferation in serum-free media
when compared with controls (HaCaT-NIE). To de-
velop an in vivo model, xenografts of HaCaT-AR and
HaCaT-NIE were grown on SCID mice. The HaCaT-NIE
cells formed thin tumors resembling conventional
SCC. The HaCaT-AR cells formed rapidly growing tu-
mors with AR expression similar to KA. HaCaT-AR
cells may represent a new system for the further
evaluation of KA. (Am J Pathol 2003, 163:2451–2458)

Keratoacanthoma (KA) is a unique cutaneous neoplasm
that is classically known for its rapid growth that can be
followed by spontaneous regression. Morphologically KA
is a distinctive cup-shaped well-differentiated squamous
tumor. KA remains controversial as there is still uncer-
tainty regarding its benign versus malignant nature.1 Tra-
ditionally thought to be benign, there is growing evidence

that KA is a unique variant of squamous cell carcinoma
(SCC).2–5 Features seen in KA that support this view
include lymphatic and perineural invasion and rare in-
stances of metastasis.2,3,6 Likewise a significant number
of KA may undergo so-called “malignant transforma-
tion;”7 this probably represents the evolution of a sub-
clone within KA to a more aggressive phenotype rather
than transformation of a benign neoplasm to a malignant
tumor. Molecular similarities between KA and SCC in-
clude similarities in oncogene expression,8 in oncostatin
M expression,5 and in mitotic cell cyclin patterns.4 Al-
though much progress has been made in the elucidation
of molecular mechanisms of cutaneous SCC, relatively
little effort has been directed toward understanding the
KA variant. Hampering the study and understanding of
the biology of KA is the dearth of KA-related model sys-
tems.

It is well established that epidermal growth factor
(EGF) receptor ligands may play an important role in the
development of cutaneous SCC and in other hyperprolif-
erative skin diseases.9 Amphiregulin (AR) is synthesized
as a glycosylated 152 amino acid membrane-anchored
precursor that can be proteolytically processed into mul-
tiple membrane-bound and soluble isoforms.9–14 Be-
cause of differential proteolytic processing and glyco-
slyation, these AR isoforms may vary widely in molecular
weight.9,13,14 Within its conserved EGF domain, AR
shows significant homology to all EGF family members,
including EGF, TGF�, and betacellulin.9 When consider-
ing the entire AR protein, it is most structurally similar to
HB-EGF.9 AR is a heparin-inhibited, heparin-binding
growth factor and is thought to act as a ligand for the
type-1 epidermal growth factor receptor (EGFR-1).9–13,15

After AR’s initial interaction with cell surface sulfated pro-
teoglycans it may then interact with EGFR-1 and subse-
quently dimerize with another EGFR subtype (eg, HER-2)
to form an active tetrameric receptor-ligand complex.9 In
vitro studies have demonstrated that AR is the predomi-
nant autocrine growth factor produced by keratinocytes
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in cell culture.9,15,16 AR expression has been docu-
mented in several hyperproliferative skin diseases such
as psoriasis and in physiological states such as wound
healing.9,17–19 Although qualitatively low levels of AR
have been detected in cutaneous SCC,18 the autocrine
growth activity of AR has been suggested to be sufficient
for the formation of tumors in v-ras transformed keratino-
cytes.20

To our knowledge, no previous study has examined
the KA variant of SCC for the expression of AR. We
hypothesized that AR may have a central role in the rapid
proliferation associated KA in its active growth phase. To
test our hypothesis, we examined a series of clinical
cases of KA for AR expression in comparison to conven-
tional SCC and basal cell carcinoma (BCC). We also
developed potential laboratory model systems to study
the effects of AR overexpression on keratinocytes in a cell
culture system as well as in vivo xenografts.

Materials and Methods

Clinical Case Selection

Formalin-fixed, paraffin-embedded tissue blocks were re-
trieved from departmental archives. Twenty-one cases
coded as KA were retrieved as well as a small number of
representative cases of conventional SCC (n � 6) and
BCC (n � 6) for comparative purposes.

Immunohistochemistry

Immunohistochemical detection of AR was performed
according to standard avidin-biotin technique (dilution
1:100) using heat-induced epitope retrieval on the clinical
cases of and xenografts (see below). Briefly, slides were
deparaffinized, hydrated, and rinsed with Tris-buffered
saline with Tween 20 (TBS) (DAKO, Carpenteria, CA).
Antigen retrieval was performed using a water bath at
95°C for 20 minutes with DAKO Target Retrieval Buffer.
After cooling, the slides were rinsed with TBS, immersed
in 3% H2O2 for 10 minutes and incubated with 6R1C
anti-AR mAb for 1 hour at room temperature. The slides
were rinsed with TBS and incubated with the secondary
antibody (DAKO LSAB2) for 20 minutes. After rinsing, the
slides were incubated with Strep-Avidin HRP for 20 min-
utes, rinsed, and stain was developed with DAB for 3
minutes. The slides were rinsed and counter-stained with
hematoxylin. Membranous staining was considered pos-
itive. Scoring of the immunoreactivity was based on the
percentage of staining seen in the basal layer of the
tumor. Cases were scored as 3� (greater than 50%
positive cells), 2� (25 to 50% positive cells, and 1� (5 to
24% positive cells).

Immunohistochemical stains for the nuclear prolifera-
tion marker Ki-67 (DAKO, 1:60) were performed on the
xenograft tumors (see below) similarly except for the
timing of the incubation steps: 3% H2O2 for 5 minutes,
primary antibody for 30 minutes, secondary antibody for
10 minutes and Strep-Avidin HRP for 10 minutes. Only

nuclear staining was considered positive. The percent-
age of basal cell layer immunoreactivity was estimated.

For negative controls on all studies, the primary anti-
body was omitted, and the slides were otherwise pro-
cessed with the same procedure as outlined above. A
defined positive control for AR in keratinocytes is not
available. As our results with conventional SCC and BCC
paralleled previously published studies with the same
antibody,18 we considered our methods valid. For Ki-67,
sections of skin served as a positive control.

A statistical analysis examining the overall differences
in the three distributions was performed with the Kruskal-
Wallis Exact Test. As this overall test was significant,
pair-wise differences were then tested using Wilcoxon
Rank Sum Exact Tests (two-sided).

Generation of the HaCaT Cells Overexpressing
Human AR

To create HaCaT cells21 stably expressing human AR, an
880-bp AR cDNA fragment derived from pTZ-AR-213 was
cloned into the pGEM-Teasy vector (Promega). The AR
cDNA sequence were excised from the pGEM-Teasy
vector and subsequently subcloned into the EcoRI site of
an MFG-based retroviral DNA vector NIE, which uses
EGFP as the selectable marker.22 The IRES-EGFP portion
of pIRES2-EGFP (Clontech, Palo Alto, CA), between the
BglII and NotI sites, was subcloned to replace the GFP,
between NcoI and BamHI sites, of the MFG. There was a
resulting ATG codon at the NcoI site after cloning, and it
was destroyed by site-directed mutagenesis (Stratagene,
La Jolla, CA). The uptake of the inserts and their orienta-
tion were assessed by both restriction endonuclease
mapping and sequencing. Infectious amphotropic retro-
viruses were produced from both NIE-AR and control NIE
backbone by transient transfection into the Phoenix am-
photropic packaging cell line using Fugene 6 (Roche
Molecular Biochemicals, Indianapolis, IN). The superna-
tants collected 48 hours later containing infectious virions
were then used to infect HaCaT cells. Transduced cells
were obtained by sorting based on EGFP using FACS.

Northern Blot Analysis

Total RNA was extracted using Tripure (Roche). After the
manufacturer’s procedures of purification, an additional
phenol (pH 4.2) extraction was performed, followed by
ethanol precipitation. The RNA concentration was ac-
cessed by UV spectrophotometer. Twenty micrograms of
total RNA was separated on a formaldehyde-agarose gel,
as previously reported,23 and transferred to a positively
charged nylon membrane (Roche). The blots were then
hybridized with 32P-labeled hAR cDNA (cited above)
probe using ExpressHyb Hybridization Solution (Clon-
tech) following manufacturer’s protocol. The blots were
stripped of the probe using 0.5% sodium SDS at 100°C
and later probed with human GAPDH to determine equal
loading. Human GAPDH (no. 57091) cDNA clone was
purchased from American Type Culture Collection (Rock-
ville, MD).
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Western Blot Analysis

Cells were washed with cold phosphate-buffered saline
(PBS) (BRL) and lysed with 1 ml of RIPA buffer (150
mmol/L NaCl, 50 mmol/L Tris-HCl, pH 8.0, 0.1% SDS,
0.5% sodium deoxycholate, 1% Nonidet P-40) containing
0.5 nmol/L Pefabloc SC (Roche Molecular Biochemicals).
Cell lysate was scraped to collect and sonicated. The
protein concentration was determined using the Bio-Rad
Protein Assay Kit (Bio-Rad Laboratories, Hercules, CA).
Ten �g of protein was heated to 100°C for 5 minutes in
Laemmli Sample Buffer without 2-mercaptoethanol,
loaded onto a 15% SDS-PAGE gel (Bio-Rad Minigel Sys-
tem). After the gel electrophoresis, the proteins were then
transferred to a PVDF membrane (Bio-Rad), using a SD
semi-dry electrophoretic cell (Bio-Rad). Detection was
performed using ECL-Plus (Amersham, Piscataway, NJ).
The mouse-anti hAR antibody clone 6R1C was used at a
dilution of 1:300.15,17,18The secondary goat anti-mouse
IgG-horseradish peroxidase (Bio-Rad) was used at a
dilution of 1:3000.

Cell Culture Studies

HaCaT cells with empty vector (HaCaT-NIE) and AR over-
expressing HaCaT cells (HaCaT-AR) were grown in Dul-
becco’s modified Eagle’s medium (Life Technologies,
Inc.) with 10% Fetal Clone III (Hyclone, Logan, UT). For
the proliferation studies, cells were plated at a density of
200,000cells/10-cm2 dish. On the following day the cells
were washed twice with PBS, and grown in the presence
of serum (Dulbecco’s modified Eagle’s medium, 0.5%
bovine serum albumin), without serum and in some plates
with exogenous AR (R and D Systems, Minneapolis, MN)
added (final concentration 20 ng/ml). Cells were har-
vested at various times by trypsinization and counted to
assess proliferation over time.

Establishment of Xenografts

Dispersed HaCaT cells were grafted onto NODLtSz/scid/
scid (SCID) mice as previously described.22 Before use,
a sample of peripheral blood was screened by flow cy-
tometry for the presence of T cells. Animals used in these
studies had �1% T cells. Briefly, silicone-grafting domes
(Renner GMBH, Germany) were placed on the dorsum of
2-to-3-month-old mice using 1% avertin as anesthesia. A
suspension of 5 � 106 HaCaT-NIE (five mice) or
HaCaT-AR cells (four mice) mixed with 2.5 � 106 human
neonatal foreskin fibroblasts were placed into the grafting
domes. The domes were removed after 2 weeks, and
white petrolatum placed on the xenografts on a daily
basis. At 60 days post-transplantation, the mice were
injected with BrdU as described.24 Two hours after intra-
peritoneal BrdU injection, the mice were sacrificed, and
the xenograft excised, and sections were either placed in
formalin for histology and immunohistochemistry, or
snap-frozen in liquid nitrogen in OCT media for BrdU-
labeling studies.

Results

Immunohistochemistry Studies from Clinical
Cases

Examination of archival specimens revealed AR expres-
sion only in the tumor cells of KA and SCC; no AR immu-
noreactivity was seen in the cases of BCC (Table 1). The
immunoreactivity had a granular, membranous pattern. In
the SCC, 5 of 6 cases were positive; all 21 KA were
positive for AR. There were significant quantitative differ-
ences in the immunoreactivity of KA and SCC. In SCC the
immunoreactivity was seen primarily in the basal layer
with a patchy distribution (1� staining) (Figure 1A). Only
one case showed intense staining of the basal layer with
the majority of the basal layer positive. In KA 12 of 21
(57%) had more intense (2� to 3�) staining. Immunore-
activity was seen in some of the suprabasilar cells as
well. In two cases of KA with a clinical history of devel-
oping rapidly over the span of only a few weeks, there
was confluent staining of the basal layer with the majority
of the suprabasilar keratinocytes showing strong AR ex-
pression (Figure 1B). Overall, there were significant dif-
ferences in the % basal layer positivity (P value �0.0001)
using the Kruskal-Wallis Exact Test. In addition, all pair-
wise differences were significant (P value � 0.0494 for
KA versus SCC, �0.0001 for KA versus BCC, and 0.0152
for SCC versus BCC) using Wilcoxon Rank Sum Exact
Tests (two-sided). The KA group tended to have higher
scores than both SCC and BCC, and SCC tended to have
higher scores than BCC.

Cell Culture Studies

Given our findings of increased levels of AR immunore-
activity associated with KA, we next developed a model
system to assess the effects of overexpression of this
growth factor in epithelial function. HaCaT cells are a
human immortalized keratinocyte-derived cell line.21

HaCaT cells were transduced with a retroviral vector
encoding the human AR cDNA or empty vector as con-
trol. As shown in Figure 2A, Northern blots detected AR
mRNA only in HaCaT-AR cells.

Western blots demonstrated high levels of AR protein
in the HaCaT-AR cells (Figure 2B). At least five distinct
bands ranging from approximately 18 to 70 kd were
detected corresponding to previously published re-
sults.9,13,14 The range of molecular sizes suggests that
AR produced by HaCaT-AR cells was both differentially
processed and glycosylated.9,13,14 Supernatants from
HaCaT-AR cells also contained low levels of AR protein,
indicating that the cells were releasing only small

Table 1. Immunohistochemistry for AR: Clinical Cases

Diagnosis Score

0� 1� 2� 3�
Keratoacanthoma (n � 21) 0 9 7 5
Conventional SCC (n � 6) 1 4 1 0
BCC (n � 6) 6 0 0 0
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amounts of proteolytic processed AR. In contradistinc-
tion, no AR was detected in the supernatant from the
control HaCaT-NIE cells (data not shown). These studies
confirmed that HaCaT AR cells expressed significant

Figure 1. Comparison of amphiregulin expression in conventional squa-
mous cell carcinoma and keratoacanthoma. A: Conventional squamous cell
carcinoma with relatively weak and patchy staining for amphiregulin in the
basal layer. Original magnification, �100. B: Keratoacanthoma with strong,
diffuse staining for amphiregulin. Original magnification, �100. C: High
power view of amphiregulin staining in a keratoacanthoma demonstrating
the membranous pattern of staining. Original magnification, �400.

Figure 2. Molecular analysis of HaCaT-AR cells. A: Northern blot detected
AR mRNA only in the HaCaT-AR cells (right). B: Western blots detected a
small amount of AR in the control cells (left). The AR overexpressing cells
had much higher amounts of AR with different forms ranging from approx-
imately 18 to 70 kd.
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levels of variably processed and glycosylated AR, and
that most of the AR was apparently cell associated, im-
plying that AR-dependent growth-promoting activity may
be mediated by a cell-cell dependent juxtacrine mecha-
nism, as has been previously suggested for human ker-
atinocytes.9

Our next studies examined the functional significance
of AR overexpression in HaCaT cells. Both the HaCaT-AR
and HaCaT-NIE cell lines had essentially the same
growth curves when grown in the presence of serum
(Figure 3). In serum-free conditions however, the growth
rate of HaCaT-AR cells was only slightly decreased in
contrast to the markedly lower growth rate seen in control
empty vector HaCaT-NIE cells. When exogenous AR was
added to the serum-free medium, the HaCaT-NIE control
cells had equivalent growth as compared to the
HaCaT-AR cells grown in serum-free medium. These
studies confirm that AR overexpression can affect HaCaT
proliferation.

Xenograft Studies

To assess the functional significance of AR overexpres-
sion in HaCaT cells in vivo, HaCaT-AR or control HaCaT-

NIE cells were xenografted onto SCID mice. Establish-
ment of xenografts of both cell types resulted in tumors.
While the predicted tumors derived from the HaCaT-NIE
cells were thin (mean volume � SEM: 301 � 53 mm3) and
resembled minimally invasive SCC (Figure 4,A and C),
tumors from HaCaT-AR cells were rapidly growing, much
larger, and formed cup-shaped nodules reminiscent of
KA (mean volume � SEM: 10,740 � 1850 mm3) (Figure 4,
A, B, and D). The control HaCaT-NIE tumors showed no
significant staining for AR in contrast to the HaCaT-AR
tumors which demonstrated diffuse, strong membranous
for AR (Figure 4, E and F). Although the pattern of staining
was overall more diffuse than the majority of the clinical
cases of KA, the pattern of staining was essentially indis-
tinguishable from the cases of KA with a clinical history of
being present for only 2 to 4 weeks (Figures 1B and 4F).

The immunohistochemical results from the clinical
cases and the xenografts strongly suggested a role for
AR-related proliferation in the growth of KA. Since the
rapid tumor growth could be due to either proliferation or
lack of cell death, we evaluated epithelial proliferation of
HaCaT-NIE and HaCaT-AR tumors. We stained the tu-
mors with the nuclear proliferation marker Ki-67. Both the
HaCaT-AR and HaCaT-NIE xenograft tumors expressed
Ki-67, but the AR overexpressing tumors exhibited higher
levels of basal layer staining compared with the vector
controls (Table 2). The HaCaT-AR tumors also had more
suprabasilar staining of keratinocytes as compared with
the vector controls. Paralleling the Ki-67 results, there
was also much higher BrdU uptake in HaCaT-AR xeno-
grafts compared with the control xenografts (data not
shown).

Discussion

The results of our immunohistochemical studies indicate
a role for AR in the molecular pathogenesis of KA. All 19
cases of KA were immunoreactive for AR with over half of
the cases (12 of 21) showing strong staining. The cases
of SCC were likewise frequently immunoreactive for AR (5
of 6 cases), but AR expression levels appeared to be less
than in KA. The relatively low levels of AR seen in some
KA could potentially be explained by the growth stage of
the KA. As mentioned previously, KA classically has a
phase of rapid growth followed by spontaneous involu-
tion. The cases of KA with weaker staining may have
already passed their zenith of growth activity. Although
there was insufficient clinical history in terms of the
growth of the tumors in the majority of cases to determine
the age of the tumor, two cases with 3� staining had the
clinical history of being present for only 2 to 4 weeks. This
supports the theory that the tumors with stronger staining
were in the more active phase of growth. Unlike the
positive AR expression in KA and some SCC, no appre-
ciable AR staining was seen in the cases of BCC (0 of 6
cases). The results of the immunohistochemical studies
of SCC and BCC are consistent with previous reports of
AR expression in these tumors.18

Our results suggest a greater role for AR in KA than in
conventional SCC. Since the clinical cases relied on ar-

Figure 3. Cell culture studies of HaCaT-AR cells and HaCaT-NIE controls. A:
In the cell culture studies, the control cells and the AR overexpressing cells
had equivalent growth rates in the presence of serum. B: In the absence of
serum, the AR overexpressing cells had significantly higher rates of growth in
serum-free media as compared with controls. This growth advantage was
abolished with the addition of exogenous AR to the media.
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chival material, however, the role of AR in the pathogen-
esis of KA remained speculative. Theoretically, the AR
detected in the cases of KA may not have been functional
or could represent an epiphenomenon. Therefore we de-
veloped a potential laboratory model system using a
retroviral transduction method to overexpress the AR
gene product in HaCaT cells for use in a xenograft sys-
tem. The results of the in vitro studies on the HaCaT cells
confirm the activity of the overexpressed AR. The ability

of the HaCaT-AR cells to grow in the absence of serum
and exogenous growth factors is not surprising, as AR
has been characterized as an autocrine/juxtacrine
growth factor that drives the autonomous proliferation of
human keratinocytes in serum- and growth factor-free
media.9,15,16 The ability of exogenously added AR to
enable the empty vector control HaCaT-NIE cells to pro-
liferate in a fashion similar to that observed for HaCaT-AR
in the absence of exogenous AR, further supports the role

Figure 4. Comparison of control and amphiregulin overexpressing xenograft tumors. A: The far left mouse had a xenograft with the control HaCaT-NIE cells.
The right two mice had HaCaT-AR xenografts and formed rapidly growing cup-shaped tumors. B: Side view of HaCaT-AR xenograft tumor showing the
cup-shaped morphology similar to keratoacanthoma. C: Histologically the HaCaT-NIE xenografts resembled thin squamous cell carcinomas. H&E; original
magnification, �40. D: The HaCaT-AR xenografts formed cup-shaped tumors that resembled keratoacanthomas. H&E; original magnification, �20. E: Immuno-
histochemistry for amphiregulin detected no significant expression in the HaCaT-NIE control xenograft tumors. Original magnification, �200. F: Strong staining
for amphiregulin was seen in the HaCaT-AR xenografts. Original magnification, �200.
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of AR in the proliferation seen in our current cell culture
studies. AR expressed in HaCaT cells exists in a range of
isoforms through post-translational glycosylation and
proteolytic cleavage.9,13,14 The significance of the differ-
ent forms of AR as it relates to the growth-promoting
activity in epidermal neoplasms such as KA is unknown.
This could provide an avenue of further investigation.

The xenograft model provides supporting evidence for
a potential role for AR in the pathogenesis of KA. The
HaCaT-AR overexpressing tumors formed large cup-
shaped masses that grew very quickly over the course of
a few weeks. The gross morphology and the rapid growth
were very reminiscent of KA. Histologically, the AR over-
expressing tumor also resembled classic KA. The strong
expression of AR seen in the resulting xenograft tumors
was essentially indistinguishable from the clinical cases
of KA in which the rapidly growing tumor had been
present for only a few weeks. The rapid proliferation was
confirmed by two separate measures: immunoreactivity
for Ki-67 and BrdU-labeling studies. The HaCaT-AR
xenograft tumors exhibited high levels of Ki-67 expres-
sion as well as high levels of BrdU uptake. By contrast,
the HaCaT-NIE-control xenografts formed thin tumors
that grossly and histologically resembled conventional
cutaneous SCC. No significant AR expression was seen
by immunohistochemistry, and there was less Ki-67 ex-
pression and BrdU uptake in tumors derived from the
HaCaT-NIE cells in comparison to the HaCaT-AR tumors.

The results from the clinical cases and the murine
xenograft model support a role for AR in the molecular
pathogenesis of KA. Increased expression of AR likely
contributes to the rapid growth of KA. It remains to be
seen what other EGFR ligands may participate in the
rapid growth of KA. In a mouse model, large exophytic
squamous papillomas developed in skin grafts of mouse
epidermal cells overexpressing transforming growth fac-
tor �.25 The determination of the role of other EGFR
ligands in the pathogenesis of KA will require further
study. It should be noted that targeted overexpression of
AR to the epidermis in mice resulted in an inflammatory
hyperproliferative dermatitis that strongly resembles the
human disease psoriasis.19 That AR may have a promi-
nent role in KA and psoriasis may seem somewhat coun-
terintuitive given the resistance of psoriatic plaques to
malignant transformation.26 Presumably KA has other ge-
netic damage acting as an initiating event and AR over-
expression occurs later in the molecular pathogenesis.

Interestingly, the potential role of AR in psoriasis invites
speculation on the role of AR for the involution of KA. In
psoriasis it has been proposed that AR may induce proin-
flammatory cytokine circuits in the proliferating epider-
mis.19 In the setting of a neoplastic proliferation, activa-
tion of a proinflammatory cytokine circuit may enable the
immune system to recognize the tumor as foreign and

allow immune destruction of the neoplasm. It has been
postulated that immune surveillance may contribute to
the destruction of KA. Thus, it is possible that the AR
expressed by aggressively growing KA may stimulate
both keratinocyte hyperprolferation, and proinflammatory
events leading to KA regression. An alternate and less
likely possibility is the potential inhibitory role for AR on
tumor growth reported in some in vitro studies.12

In summary, the present studies provide evidence
suggesting a role for AR in the biology of KA. In addition,
these studies describe a potential laboratory model sys-
tem for the study of KA that might allow further exploration
regarding the role of AR in the molecular pathogenesis of
KA. Future studies are needed to define the exact role of
AR in both the rapid growth as well as a potential role for
AR in the spontaneous involution of KA.
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