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Mutations of the PH Domain of Protein
Kinase B (PKB/AKT) Are Absent
in Human Epidermal Skin Tumors
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Abstract
Background: While for most human solid tumors genetic
alterations of few distinct genetic regions have been
found, studies on basal cell carcinomas (BCC) have
shown the prevalence of several abnormalities including
alterations of the three ras genes, GAP (GTPase activat-
ing protein), p53, PTCH (the human homologue of Dro-
sophila patched) and SMOH (the human homologue of
Drosophila smoothened). On the other hand, during the
last decade, a new oncogene, protein kinase B (PKB/
AKT), has been characterized and found to be overex-
pressed in certain human tumors. In vivo activation of
PKB/AKT necessitates its recruitment to the cell mem-
brane mediated by the N-terminal pleckstrin homology
(PH) domain. Objective: We investigated whether muta-
tions of this mandatory domain are present in a subset of
human epidermal skin tumors. Methods: RNA of 19
human skin tumors including 13 BCC, 4 squamous cell
carcinomas (SCC; including 1 keratoacanthoma) and 2
neurofibromas of different size and tumor stage were
used for reverse transcription and subsequent PCR am-
plification of the PH domain of PKB/AKT. Results: Cycle
sequencing of the purified PCR products did not reveal
any mutation of the PH domain of PKB/AKT. Conclusion:

In human BCC and SCC, mutations of the PH domain of
PKT/AKT do not play a major role during the carcinogen-
esis of these tumors.

Copyright © 2001 S. Karger AG, Basel

Introduction

Epidermal skin cancer is the most common form of
human cancer and basal cell carcinoma (BCC) is the most
common form of epidermal skin cancer. In the search for
the molecular basis of BCC, several known oncogenes and
tumor suppressor genes have been analysed and alter-
ations of ras, GAP, p53 have been found [for reviews see
ref. 1, 2]. Since the isolation of the human PTCH gene [3],
mutations in components of the hedgehog signaling path-
way have been identified not only in nevoid basal cell car-
cinoma syndrome (NBCCS) but also in various, but not
all, sporadic BCC [for reviews, see ref. 1, 4].

Comparison of allelic loss in BCC and squamous cell
carcinoma (SCC) revealed a different general pattern of
allelic deletion on chromosome 9 [5]. Analysis of PTCH
revealed not only the absence of mutations but also nor-
mal expression of PTCH in SCC suggesting no involve-
ment of the hedgehog signaling pathway in SCC [6, 7] and
thus a different genetic basis for the neoplastic develop-
ment of BCC and SCC.

In the early nineties, two groups cloned a new gene
with high sequence homology to both families of serine/
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Table 1. Patient and tumor parameters used for the mutation analy-
sis of the PH domain of PKB/AKT in human skin tumors

Tumor Sex Age Histology Localization PH domain

m 56 BCC nose –
2 f 86 BCC occipital –
3 m 87 BCC occipital –
4 m 85 BCC back –
5 m 71 BCC nose –
6 f 79 BCC leg –
7 f 36 BCC abdominal –
8 f 85 BCC parietal –
9 f 60 BCC back –

10 m 84 BCC nose –
11 m 50 BCC ear –
12 m 80 BCC neck –
13 m 50 BCC back –
14 m 66 SCC lip –
15 m 84 Bowen nose –
16 f 60 ke.ac. leg –
17 m 74 Bowen parietal –
18 f 55 NF back –
19 f 37 NF back –

ke.ac. = Keratoacanthoma; NF = neurofibroma.

threonine kinases, protein kinase A and C. A third group
demonstrated a viral oncogene, v-akt to be homologous to
the new gene, named protein kinase B or AKT. A third
synonym, RAC protein kinase, is no longer used to avoid
confusion with rac GTPase [for review, see ref. 8].

Growth-factor-induced PKB/AKT activation is me-
diated by phosphatidylinositol-3 kinase (PI3K) which in
turn activates PDK 1 and 2 [for a review, see ref. 9] by the
production of phosphatidylinositol(3,4,5)triphosphate
lipids. The lipids also recruit PKB/AKT to the plasma
membrane by means of its PH domain [10], and PKB/
AKT is subsequently phosphorylated, resulting in full
activation [8, 11]. Several lines of evidence suggest that
components of this pathway are involved in oncogenic
transformation. First, PI3K exists in an oncogenic form
[12]. In cells that harbor this oncogene, high PKB/AKT
activity is observed [13]. Second, PKB/AKT fused to the
membrane-targeting gag sequence is able to transform
fibroblasts [14], indicating that for full activation of PKB/
AKT the PH domain, by which physiological membrane
recruitment takes place, is mandatory [for a review, see
ref. 10]. Third, a negative regulator of PKB/AKT, PTEN
[15], has been described and characterized as tumor sup-
pressor gene. Deletion or mutation of PTEN has been
found in tumor cells and correlates with high amounts of

PKB/AKT activity [16–20] in these transformed cells.
Taken together, these findings argued in favor of the pos-
sibility that PKB/AKT might be activated in human
tumors. An altered membrane affinity of PKB/AKT, me-
diated through its PH domain, should be able to activate
PKB/AKT constitutively despite the fact that no gain-of-
function mutation of this domain is known to date.

We therefore examined a panel of 19 human epidermal
skin tumors of the prevalence of mutations in the PH
domain of PKB/AKT and due to its different molecular
biology [5–7] included both BCC and SCC in this study.
Additionally we analyzed 2 neurofibromas (table 1).

Material and Methods

Subjects and Skin Tumors
Tissue of 19 patients (11 males and 8 females of Caucasian origin

aged between 28 an 87 years) who underwent surgery for histological-
ly proven epidermal skin tumors at the Dermatological Department
of the University of Heidelberg, Germany, was obtained directly at
the time of the excision. The excised specimens were divided at sur-
gery, a small part of the tumor tissue adjacent to the thickest tumor
portion was used for the biochemical analysis. The remaining parts
of the tumors were fixed in formalin and embedded in paraffin for
histological analysis. The tumors were 13 BCC, 4 SCC and 2 neurofi-
bromas. The patients had not received prior therapy.

Synthetic Oligonucleotides
According to the sequence published by Jones et al. [21], gene

bank accession No. M 63167, two primers up- and downstream of
the PH domain of PKB/AKT were designed and synthesized by
Eurogentec, Cologne, Germany. Upon PCR (see below) both primers
(5)-GGAGCCTCGGGCACCATGAGC-3); 5)-CCGGAAGTCCAT-
CTCCTCCTC-3)) resulted in an amplification product of 378 bp.

RT-PCR for PKB/AKT
For RT, between 100 and 400 ng of total tumor RNA, prepared

according to a modified GTC method using selective binding proper-
ties of a silica gel described by Marquardt et al. [22] (Qiagen, Hilden,
Germany), were added to 20 Ìl of RT buffer containing 10 mM
DTT, 0.5 mM dNTPs, 500 ng oligo(dT)12–18 primer, 200 units super-
script II reverse transcriptase (Gibco) according to the manufactur-
er’s instructions and incubated for 60 min at 42 °C.

PCR was carried out in 50-Ìl samples containing 100 ng cDNA,
2.5 units AmpliTaqGold (Perkin Elmer), 1.5 mM MgCl2, 0.2 mM
dNTPs, 0.4 ÌM oligonucleotides in 1 ! PCR buffer (Perkin Elmer)
in a thermal cycler for 30 s at 95°C, 30 s at 56°C, 60 s at 72°C for
45 cycles.

The PCR amplification product comprised a sequence of 378 bp
in length. Amplification products were controlled by agarose gel elec-
trophoresis for purity and expected length (fig. 1). The specificity of
amplification was checked by negative control samples containing
complete amplification medium but no tissue extract. The integrity
of the cDNA preparation was confirmed by RT-PCR of ß2-micro-
globulin in each sample, resulting in an amplification product of
136 bp (data not shown).
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DNA Sequencing
PCR products were purified by electrophoresis and subsequent

column elution (Qiagen) and sequenced by use of each of the amplifi-
cation primers by fluorescence cycle sequencing (Seqlab, Göttingen,
Germany).

Sequence Analysis
Sequence analysis was performed at the National Center for Bio-

technology Information using the Basic Local Alignment Search Tool
(www.ncbi.alm.nih.gov/BLAST/).

Results

We examined human epidermal skin tumor specimens
of 19 patients. Of these 19 skin tumors, 13 were BCC of
different size and localization. We also included 2 neuro-
fibromas, 1 keratoacanthoma, 2 Bowen’s carcinomas and
1 SCC. Despite the fact that intact tumor RNA had to be
prepared, we succeeded in amplifying the critical part of
PKB/AKT by our RT-PCR protocol. Using appropriate
primers located at the PH domain boundaries, the ex-
pected 378-bp PCR product was obtained (fig. 1). After
the 378-bp fragment was purified, DNA sequencing was
performed. In no single case did sequencing of the PH
domain disclose a mutation. An example is given in fig-
ure 2.

Discussion

Several genetic alterations have been found in human
epidermal skin carcinomas, including alterations of ras,
p53, GAP, PTCH and SMOH [1, 2]. Two genes have been
extensively investigated in skin cancers, p53 and ras:
point mutations of ras genes have been detected in both,
SCC and BCC, albeit at a rather low prevalence [e.g. 23,
24]. The predominant codon 12-point mutation might be
explained by a UV-induced DNA damage and thus can
serve as an explanation for the clinical observation that
UV exposure is an important risk factor for the develop-
ment of epidermal skin cancer [24, 25]. This is even more
apparent for the kind of mutation found in the p53 tumor
suppressor gene of epithelial skin tumors: the majority of
mutations were found at bipyrimidines, where a transi-
tion mutation from cytosine to thymidine occurred and is
at the same time a typical marker lesion for UV damage of
the DNA [26]. Despite the obvious association between
sunlight and the incidence of epidermal skin cancer [27–
30], the prevalence of these pathognomonic mutations in
known cancer-related genes is rather low and this suggests

Fig. 1. RT-PCR analysis of the PH domain of PKB/AKT RNA pre-
pared from specimens from 11 patients (lanes 2–12). A length stan-
dard is indicated (100 bp) and a negative control (lane 1) is included.
An amplification product of 378 bp is visible in all 11 probes.

that further oncogenic proteins may be involved in signal
transduction from the extracellular environment, through
the cell membrane, into the cytoplasm towards the nu-
cleus, where transcription is modified and thus contribute
to the tumor phenotype [31]. In 1996, mutations of new-
ly discovered tumor, suppressor gene, the human homo-
logue of Drosophila patched, PTCH, were found to be
responsible for NBCCS [3, 32]. The described mutations
were UV-independent in hereditary BCC, but were possi-
bly induced by UV in sporadic BCC [3, 32]. The analysis
of PTCH in SCC revealed the absence of mutations, and
also a normal expression of PTCH, which suggested no
involvement of components of the hedgehog signaling
pathway in SCC [6, 7]. Independently of this, in the con-
text of a presumed multistep carcinogenesis of at least cer-
tain epidermal skin cancers, this tumor type seems to be
especially interesting because its behavior ranges from
extremely indolent to very aggressive [33].

In the present study, human epidermal skin tumors
have been tested for the first time for mutations in PKB/
AKT. Nineteen skin tumors of different histologic charac-
terization were included. Mutations of the PH domain of
PKB/AKT were detected neither in SCC nor in BCC.
Thus, the examined hypothesis that PKB/AKT might be
mutated in human epidermal skin carcinogenesis could
not be confirmed. The reasons for the complete absence of
PKB/AKT mutations remain speculative.

First, it might well be that mutations of the PKB/AKT
oncogene are not involved in human skin tumors. This is
known from other tumor types that lack frequent onco-
gene activation, e.g. human breast cancer cells very rarely
contain activated ras genes, whereas most epithelial tu-
mors do; breast tumors from various other species exhibit
these mutations as well [for a review, see ref. 2]. In these
tumor types, alterations of signal transduction pathways
occur at other levels (e.g. BRCA). This first hypothesis
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Fig. 2. Cycle sequencing of the PH domain of PKB/AKT from a purified PCR product (fig. 1). The sense sequence is
shown and the position of both primers is indicated. Comparison of the shown sequence with the result of the opposite
strand and the known wild-type sequence did not reveal any mutation of the PH domain.
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might be confirmed by analysis of other types of tumors,
for example further skin tumor entities. Melanomas do
not harbor mutations of the PH domain [34].

Second, PKB/AKT might be a signal transduction
component with in vitro oncogenic potency that is not
found mutated in tumors. An example for this is raf-1, an

effector of ras, which has not been found mutated in
human tumors [35]. Interestingly, raf-1 also is a serine/
threonine kinase located in its active form at the inner cell
membrane. This hypothesis, too, might be examined by
studies on PKB/AKT activation in other tumor types, also
of other organ systems.
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