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Abstract
Non-melanoma skin cancers (NMSCs) and psoriasis represent common hyperproliferative skin
disorders, with approximately one million new NMSC diagnoses each year in the United States
alone and a psoriasis prevalence of about 2% worldwide. We recently demonstrated that the
glycerol channel, aquaporin-3 (AQP3) and the enzyme phospholipase D2 (PLD2) interact
functionally in epidermal keratinocytes of the skin to inhibit their proliferation. However, others
have suggested that AQP3 is pro-proliferative in keratinocytes and is upregulated in the NMSC,
squamous cell carcinoma (SCC). To evaluate the AQP3/PLD2 signaling module in skin diseases,
we determined their levels in SCC, basal cell carcinoma (BCC) and psoriasis compared to normal
epidermis. Skin biopsies with the appropriate diagnoses (ten normal, five SCC, thirteen BCC and
ten plaque psoriasis samples) were obtained from the pathology archives and examined by
immunohistochemistry using antibodies recognizing AQP3 and PLD2. In normal epidermis
AQP3, an integral membrane protein, was localized mainly to the plasma membrane and PLD2 to
the cell periphery, particularly in suprabasal layers. In BCC, AQP3 and PLD2 levels were reduced
compared to the normal-appearing overlying epidermis. In SCC, AQP3 staining was “patchy,”
with areas of reduced AQP3 immunoreactivity exhibiting positivity for Ki67, a marker of
proliferation. PLD2 staining was unchanged in SCC. In psoriasis, AQP3 staining was usually
observed in the cytoplasm rather than in the membrane. Also, in the majority of psoriatic samples,
PLD2 showed weak immunoreactivity or aberrant localization. These results suggest that
abnormalities in the AQP3/PLD2 signaling module correlate with hyperproliferation in psoriasis
and the NMSCs.
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INTRODUCTION
Non-melanoma skin cancer (NMSC) is one of the most common neoplasms in humans, with
a million new cases diagnosed each year in the United States alone and an incidence that is
on the rise [22]. NMSC can lead to major cosmetic deformities and sporadic mortality. In
the two most common NMSCs, basal cell carcinoma (BCC) and squamous cell carcinoma
(SCC), the major cell type in the epidermis, keratinocytes fail to differentiate and exhibit
hyperproliferation. Keratinocytes continually regenerate through regulated proliferation
followed by differentiation into the suprabasal epidermal cell types. In the integumentary
differentiation program, following cell division, early differentiation gives rise to the stratum
spinosum, late differentiation generates the stratum granulosum, and terminal differentiation
occurs in the stratum corneum, the outermost layer of the epidermis (reviewed in [3,1]). This
pattern of proliferation and differentiation is essential for the protective barrier function of
skin. Skin disorders, including NMSCs such as SCC and BCC, can result from dysregulation
of the homeostasis of keratinocyte proliferation and differentiation (reviewed in [4,2]).
Although environmental insults are known to predispose to skin carcinogenesis, the
mechanisms underlying the development and progression of BCC and SCC remain unclear.

Similar to the keratinocyte-derived carcinomas BCC and SCC, psoriasis is a common
disabling hyperproliferative skin disorder in which keratinocytes fail to differentiate and
proliferate excessively. Although the autoimmune etiology of psoriasis is well-appreciated
(reviewed in [9]), with the recent creation of genetically engineered mouse models, it has
become clear that changes in the keratinocytes themselves can also trigger a psoriasis-like
condition (reviewed in [12]). For example, mice in which genes for the transcription factors
c-jun and JunB are deleted only in keratinocytes (i.e., an epidermal-targeted conditional c-
jun/JunB knockout mouse model) exhibit a hyperproliferative epidermis and other
characteristics of a psoriasiform phenotype [36]. Thus, current research has suggested
interplay between keratinocytes and immune cells, with the resulting crosstalk leading to
hyperproliferation of keratinocytes in psoriasis [32]. Nevertheless, the mechanism
underlying uncontrolled proliferation and abnormal differentiation of keratinocytes in
psoriasis, as well as the etiology of the disease itself, is still unclear.

Aquaporin-3 (AQP3), an aquaglyceroporin, has recently been ascribed a potential role in
skin function (reviewed in [16]). AQP3 is found in the basal cell layer of the epidermis, as
well as suprabasal layers [21], and is an efficient transporter of glycerol and water [34].
AQP3 null mice exhibit reduced epidermal glycerol content, impaired skin elasticity,
delayed barrier recovery following stratum corneum removal, and delayed wound healing
[13]. These phenotypes suggest that AQP3 plays a role in differentiation and proliferation of
keratinocytes. Interestingly, topical or oral application of glycerol has been shown to correct
defects present in AQP3 null mice including skin hydration, elasticity, and barrier function
[14]. Likewise, in the cosmetic industry, glycerol has been used in moisturizers and other
topical skin therapies to promote skin repair ([7] and reviewed in [8]). Our laboratory has
demonstrated that glycerol, a physiologically relevant primary alcohol, can be utilized by
phospholipase D2 (PLD2) to form phosphatidylglycerol both in vitro and in intact
keratinocytes [38]. In addition, PLD2 and AQP3 are colocalized in lipid rafts and co-
precipitate from these rafts in a protein-mediated manner [37], and we have proposed that
together they comprise a signaling module in which AQP3 transports glycerol to PLD2 to
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synthesize phosphatidylglycerol (reviewed in [4]). Phosphatidylglycerol production is
increased by elevated extracellular calcium concentrations that promote keratinocyte
differentiation (and inhibit proliferation), and manipulation of this signaling module, either
by increasing exogenous glycerol, co-overexpression of AQP3 or direct provision of
phosphatidylglycerol, induces differentiation and inhibits proliferation in rapidly dividing
cells [38,5].

On the other hand, in a recent study, Verkman and colleagues [17] demonstrated that AQP3
null mice exhibit resistance to skin tumorigenesis, although the described experiments did
not determine whether the effect is cell autonomous (i.e., due to the lack of AQP3 in
keratinocytes) or non-cell autonomous (for instance, related to changes in the inflammatory
response in these mice with a global deletion of AQP3). These authors also reported that
RNA interference-mediated knockdown of AQP3 inhibits proliferation in human
keratinocytes [15], suggesting that AQP3 promotes proliferation and is pro-tumorigenic. In
support of this idea these authors demonstrated that AQP3 protein is strongly expressed in
SCC in regions characterized by keratin 14 expression. However, although keratin 14
expression is considered a marker of basal, proliferating keratinocytes, Fuchs and colleagues
demonstrated that in normal epidermis keratin 14 protein is found in both basal and
suprabasal (spinous) layers [30]. Furthermore, keratin 14 staining is observed in SCCs of all
stages of differentiation (from poorly differentiated to well differentiated tumors) [30]. This
latter result is consistent with the findings of Perkins et al. [25], who reported increased
keratin 14 staining in the more differentiated areas of SCCs, and suggests that keratin 14
protein expression cannot be used as a marker of proliferation in SCC.

The potential involvement of AQP3 in other skin diseases is controversial. For example,
Olsson et al. [24] and Nakahigashi et al. [23] have reported increased AQP3 expression in
atopic eczema (dermatitis) whereas Boury-Jamot et al. [6] demonstrated a down-regulation
of AQP3 in eczema (reviewed in [26]). In keratinocytes from depigmented vitiligo lesions
down-regulation of AQP3 has also been observed, and in conjunction with reductions in the
levels of E-cadherin, β- and γ-catenins and phosphorylated (active) phosphoinositide 3-
kinase, this diminished AQP3 protein expression was suggested to decrease keratinocyte
survival. The loss of keratinocytes and keratinocyte-derived growth factors presumably
underlies the passive cell death of melanocytes resulting in the depigmentation seen in
vitiligo lesions [20]. On the other hand, to our knowledge there is no information in the
literature concerning the possible role of PLD2 or the AQP3/PLD2 signaling module in skin
diseases.

In contrast, our data concerning the differentiation-promoting role of the AQP3/PLD2
signaling module [5] in keratinocytes would predict that in hyperproliferative skin diseases
AQP3 levels might be decreased. Alternatively, the ratio of AQP3 to PLD2 and/or the
localization of these two proteins might be critical for their functional interaction and effects
on proliferation versus differentiation. Therefore, the goal of this study was to examine the
protein expression and localization of AQP3 and PLD2 in SCC, BCC and psoriasis relative
to normal epidermis.

MATERIALS AND METHODS
Tissue Samples

The retrospective characterization of de-identified patient specimens was approved by the
Medical College of Georgia institutional review board. Paraffin-embedded tissue sections of
skin with a diagnosis of SCC, BCC, or plaque psoriasis, as determined and verified by a
dermatopathologist (DJS), and normal epidermis were obtained from the tissue archives of
the Medical College of Georgia Department of Pathology. The majority of the BCC samples
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were of the nodular type. Normal epidermis was obtained from samples removed during
breast reduction surgery or from traumatic amputation specimens. Four micron thick
sections were cut and mounted on slides by conventional histologic techniques.

AQP3 and PLD2 Immunohistochemistry
Slides for AQP3 staining were deparaffinized, washed twice for 5 minutes in phosphate-
buffered saline (PBS), incubated 30 minutes in 3% hydrogen peroxide, washed twice for 5
minutes in PBS, incubated 1 hour in 0.3% goat serum, and then incubated overnight with
anti-AQP3 (Alomone Labs, Jerusalem, Israel; 1:1000 dilution) in a humidified chamber at
4°C. Following primary antibody incubation, an ABC staining kit (Santa Cruz
Biotechnology, Santa Cruz, CA) was used to visualize immunoreactivity by incubation with
an appropriate secondary antibody and development with the chromogen 3,3’-
diaminobenzidine (DAB) for 3 minutes. After deparaffinization, slides used for PLD2
staining were incubated three times for 10 min in boiling sodium citrate buffer, then stained
with anti-PLD2 (Abcam, Cambridge, MA; 1:50 dilution) and visualized (DAB for 10
minutes) using the same methods as for AQP3. All slides were dehydrated, counterstained
with hematoxylin, and coverslipped by the Medical College of Georgia Histology Core
Facility.

Ki67 Immunohistochemistry—Ki67 (catalog # M7240, DakoUSA, Carpinteria, CA)
immunostaining was performed according to the supplier's protocol. AQP3 and Ki67
staining were performed on sequential serial SCC sections.

Statistical Analysis—In the BCC slides, staining intensity in the normal-appearing
overlying epidermis and in the lesion were estimated by three independent observers, with 0
representing an absence of staining and 3 representing intense staining. The individual
scores were averaged and the difference analyzed for statistical significance with an
unpaired Student's t-test using the program InStat (Graphpad, La Jolla, CA).

RESULTS
AQP3 Expression

Whereas we have hypothesized that the PLD2/AQP3 signaling module is anti-proliferative
and pro-differentiative [5], Verkman and colleagues have proposed instead that AQP3 is
pro-proliferative [15,17]. These authors also report that SCC express high levels of AQP3
and suggest that this result also supports the idea that AQP3 promotes proliferation [17]. In
an attempt to resolve this issue, we examined the expression of AQP3 in the non-melanoma
skin cancers BCC and SCC by immunohistochemistry. This analysis showed predominant
AQP3 expression in the plasma membrane (essentially outlining the cells) of basal
keratinocytes in the normal-appearing overlying epidermis observed in many BCC sections
(Figure 1), consistent with the fact that AQP3 is an integral membrane protein. In BCC,
AQP3 was down-regulated and in some cases was completely absent despite readily
apparent staining in the normal-appearing overlying epidermis. We observed reduced or
absent AQP3 staining in all 13 of the basal cell carcinomas examined (13/13), with an
average decrease of approximately 8-fold (Figure 1D) [normal: 2.59 ± 0.14 versus lesion:
0.33 ± 0.15 (p<0.001).] T

Next, the staining pattern observed in the normal-appearing overlying epidermis was
compared with that found in normal epidermis obtained from breast reduction surgery or
traumatic amputation. The normal-appearing overlying epidermis and normal epidermis
(Figure 2) were shown to have similar AQP3 localization, with well-defined plasma
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membrane staining outlining individual keratinocytes in the majority of the normal
epidermal specimens.

In contrast to the clear down-regulation observed in BCC, the results in SCC were less
definitive, in that AQP3 immunoreactivity was “patchy,” with some regions of the lesion
staining intensely for AQP3 and others showing little or no staining (Figure 3). These
findings were consistent in 5 of 5 lesions examined. AQP3 staining seemed reduced
particularly at the SCC borders, which appeared to be invading the dermis. Interestingly, in
sequential serial sections the regions showing little AQP3 immunoreactivity stained positive
for the proliferation marker, Ki67 (Figure 4A and B); this suggested that proliferation
correlates with down-regulation of AQP3 in both BCC and SCC.

We next obtained archival, paraffin-embedded tissue blocks with a diagnosis of plaque
psoriasis and compared AQP3 immunoreactivity in these sections with that in normal
epidermis (Figure 2). We found that, in contrast to normal-appearing epidermis overlying
BCC (Figure 1) and the majority of normal epidermis (Figure 2), AQP3 staining in most
psoriatic lesions was localized intracellularly in most of the lesion rather than to the plasma
membrane, although some membrane localization could be observed in occasional
suprabasal regions of the hyperproliferative epidermis (Figure 5). We observed intracellular
AQP3 localization in 8 out of 10 psoriatic patients. In contrast, AQP3 stained the plasma
membrane of follicular keratinocytes as it does in normal epidermis in many of the psoriasis
samples. In the remaining 2 of 10 psoriatic samples, AQP3 staining was localized to the cell
membrane as in normal epidermis with no apparent appreciable expression deficit (data not
shown).

PLD2 Expression
Consistent with the fact that the enzyme is not a transmembrane protein but is instead
membrane associated, PLD2 expression was predominantly localized to the perinuclear
region and the cell periphery in normal epidermis (Figure 6) and in the normal-appearing
epidermis overlying BCC (Figure 7). PLD2 immunoreactivity was distributed throughout
the basal and suprabasal layers in normal epidermis (Figure 6) as well as in the normal-
appearing epidermis overlying BCC (Figure 7) but was reduced in the BCC. This decrease
was again observed in all 13 of the BCCs (13/13), with an approximate 5–fold reduction in
BCC relative to the normal-appearing overlying epidermis (Figure 7D) [normal: 2.28 ± 0.18
versus BCC: 0.46 ± 0.10 (p<0.001)]. This result suggests that decreased AQP3 and PLD2
immunoreactivity is associated with the hyperproliferation observed in BCC. On the other
hand, there was little or no change in PLD2 in SCC as compared to normal epidermis (data
not shown).

In the majority of psoriatic samples (8 of 10), PLD2 staining seemed aberrant, with weak
staining (Figure 8A, C) or largely abnormal localization (Figure 8B, C). In the remaining 2
psoriatic samples, PLD2 staining was essentially indistinguishable from that in normal
epidermis (Figure 8D). Interestingly, the 2 samples showing normal PLD2 immunoreactivity
also exhibited typical staining for AQP3.

DISCUSSION
Our results suggest that down-regulation of AQP3 in the epidermis may be a marker of
tumorigenic potential, since expression of this glycerol channel is decreased in BCC and in
the areas of SCC that are most rapidly proliferating (i.e., Ki67 positive). In the study of
Verkman and colleagues examining AQP3 expression in human SCC, AQP3 was found to
be strongly expressed and co-localized with the basal marker keratin 14; the presence of
AQP3 in SCC was confirmed by immunohistochemistry in our study. However, we found
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that AQP3 protein expression within the epidermis of SCC appeared to be excluded from the
atypical keratinocytes corresponded to cells on the inner edge of the epidermis. More
importantly, these atypical keratinocytes were proliferating actively, as marked by Ki67
positivity. Since keratin 14 protein expression has been observed even in well-differentiated
SCC [30,25], keratin 14 may not be the ideal marker for proliferation, and colocalization of
AQP3 and keratin 14 does not preclude a correspondence with differentiation rather than
proliferation. Thus, our results showing that Ki67 immunoreactivity correlated with reduced
AQP3 protein expression suggest that AQP3 may be associated with the differentiation
program. Indeed, this idea is supported by a recent study [20] demonstrating that RNA
interference-mediated silencing of AQP3 in human keratinocytes results in reduced
expression of keratin 10, a differentiation marker, in response to an elevated extracellular
calcium level, a known inducer of differentiation.

However, the possibility remains that AQP3 (and PLD2) could be pro-proliferative and
down-regulated in hyperproliferative disorders in an attempt to compensate for the excessive
growth. Indeed, using RNA-interference-mediated knock down of AQP3 levels, Verkman
and colleagues have shown that loss of AQP3 inhibits human keratinocyte proliferation, and
adenovirus-mediated AQP3 re-expression returns proliferation values to normal [15]. On the
other hand, whether or not AQP3 mediates proliferation or differentiation may depend on
whether or not the protein is associated with PLD2 (and vice versa). Thus, the relative
overexpression of AQP3 or PLD2 alone may allow proliferation (Qin and Bollag,
manuscript in preparation), whereas when regulated in tandem, the interaction of the two
proteins should allow phosphatidylglycerol production and early differentiation.
Alternatively, the localization (intracellularly or at the plasma membrane) of this signaling
module may determine the cellular response, proliferation or differentiation. Indeed, our
previous immunocytochemistry data suggest a partial colocalization of AQP3 and PLD2,
with both plasma membrane and intracellular staining [18]. Similarly, down-regulation of
PLD2 in BCC suggests that this enzyme also may play a role as an anti-proliferative signal,
although the same caveat concerning the possibility that the cells down-regulate PLD2 in an
attempt to compensate for the hyperproliferation also applies. Thus, the decreased AQP3 in
BCC and proliferating regions of SCC provides evidence for the possibility that the AQP3/
PLD2 signaling module may act as a tumor suppressor, although obviously additional
studies to clarify this issue are warranted. Further studies in the epidermis and other
epithelial cancers, such as those of the lung and colon, which also express AQP3 and PLD2
[21,27,35,31,28,18,19,33], might elucidate this mechanism and further our understanding of
the role of AQP3 and PLD2 in epithelial cells.

In the majority of the epidermal samples of plaque psoriasis, another hyperproliferative
disorder of keratinocytes, AQP3 expression was localized diffusely to the cytoplasm as
opposed to its plasma membrane localization in normal epidermis. It should be noted that in
normal epidermal samples, such intracellular staining was also sometimes observed in basal
keratinocytes, and Sougrat et al. [29] have also reported cytoplasmic staining in basal
keratinocytes of human skin and reconstructed human epidermis. Since AQP3 must be in the
plasma membrane in order to transport extracellular glycerol into cells, this result suggests
that AQP3 transport activity is compromised in keratinocytes in psoriatic lesions and that
phosphatidylglycerol levels should be reduced in this hyperproliferative skin disease.
Indeed, it seems possible that localization of AQP3 to an intracellular compartment or the
plasma membrane, as well as colocalization with PLD2, could determine whether this
aquaglyceroporin promotes proliferation or differentiation. On the other hand, a minority of
the psoriatic samples (2 of 10) exhibited apparently normal AQP3 localization. This result
may not be entirely unexpected, given the complexity and multiple subphenotypes of this
disease [11], although in this study plaque-type psoriasis was not classified by
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subphenotypes [10]. Additional studies to examine AQP3 and PLD2 immunoreactivity in
these subtypes of plaque psoriasis, as well as other subtypes of psoriasis, seem warranted.

In conclusion, our results are consistent with the idea that the AQP3/PLD2 signaling module
is abnormal in human skin diseases, with down-regulated levels of both proteins in BCC,
decreased AQP3 immunoreactivity in proliferating regions of SCC and anomalous
distribution and/or decreased levels of both proteins in psoriasis compared to normal human
epidermis. Although our results do not prove either a pro-proliferative or a pro-
differentiative role for AQP3 and/or PLD2, our data do demonstrate that both AQP3 and
PLD2 are abnormally expressed and/or localized in human skin diseases and thus may play
a role in or serve as surrogate markers for the pathogenesis of these diseases.
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Figure 1. AQP3 Immunoreactivity was Reduced or Absent in Basal Cell Carcinoma (BCC)
Archived paraffin-embedded basal cell carcinoma samples were sectioned (4 μm),
deparaffinized, stained with antibodies recognizing AQP3 and visualized with an ABC kit
and 3,3’-diaminobenzidine (DAB). Sections were counterstained with hematoxylin. Results
illustrate three BCCs from different patients and are representative of 13 of 13 BCCs. The
results were quantified as 3+ (intense staining), 2+ (moderate staining), + (weak staining) or
0 (no staining) by three independent observers and the values averaged. Shown in panel D is
the quantitation (means ± SEM) of the 13 BCCs relative to normal-appearing overlying
epidermis with the data analyzed using a student's t-test; *p<0.05. A negative control in
which the primary antibody was omitted showed no AQP3 staining (data not shown).
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Figure 2. AQP3 Immunoreactivity was Localized Largely to the Plasma Membrane in Normal
Epidermis (as in Normal-appearing Epidermis Overlying Basal Cell Carcinoma)
Archived paraffin-embedded normal human epidermal samples were sectioned (4 μm) and
deparaffinized. Sections were then stained with an antibody recognizing AQP3 and
visualized with an ABC kit and DAB. Note that AQP3 staining localizes to the plasma
membrane, essentially outlining the cells, as observed also in normal-appearing overlying
epidermis in basal cell carcinoma (Figure 1). AQP3 staining of three patients (representative
of 10) is illustrated in panels A through C and panel D shows a negative control in which the
primary antibody was omitted.
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Figure 3. AQP3 Immunoreactivity was “Patchy” in Squamous Cell Carcinoma (SCC)
Archived paraffin-embedded squamous cell carcinoma (SCC) samples were sectioned (4
μm) and deparaffinized. Sections were then stained with antibodies recognizing AQP3 and
visualized with an ABC kit and DAB. Sections were counterstained with hematoxylin.
Illustrated in panels A through C is AQP3 staining in 3 patients with results representative of
5 of 5 SCCs. A negative control in which the primary antibody was omitted showed no
AQP3 staining (panel D).
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Figure 4. AQP3 Staining was Reduced in Ki67-Positive Cells in Squamous Cell Carcinoma
Archived paraffin-embedded squamous cell carcinoma (SCC) samples were sectioned (4
μm) and deparaffinized. Sequential serial sections were then stained with antibodies
recognizing (A, C) AQP3 or (B, D) Ki67 [an antigen expressed in proliferating cells (Dako,
Carpinteria, CA)] and visualized with an ABC kit and DAB. Sections were counterstained
with hematoxylin. Note that cells that are Ki67 positive exhibit reduced or absent AQP3
staining (arrows in panels C and D). The inverse correlation of Ki67 positivity with AQP3
immunoreactivity is representative of 4 of 4 SCCs. (E) Human tonsil stained with Ki67 as a
positive control. (F) Primary antibody was omitted as a negative control.
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Figure 5. AQP3 Immunoreactivity was Mislocalized in a Majority of Psoriatic Lesions
(A through C) Archived paraffin-embedded psoriasis samples were sectioned (4 μm) and
deparaffinized. Sections were then stained with an antibody recognizing AQP3 and
visualized with an ABC kit and DAB. Results from three patients are shown and the staining
pattern is representative of 8 of 10 psoriatic samples examined. (D) A negative control was
performed by omitting primary antibody. Note that AQP3 is localized to the cytoplasm
rather than to the plasma membrane in a majority of the psoriatic epidermis. All sections
were counterstained with hematoxylin.
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Figure 6. PLD2 Immunoreactivity was Localized Largely to the Cell Periphery in Normal
Epidermis (as in Normal-appearing Epidermis Overlying Basal Cell Carcinoma)
Archived paraffin-embedded normal human epidermal samples were sectioned (4 μm) and
deparaffinized. Sections were then stained with an antibody recognizing PLD2 and
visualized with an ABC kit and DAB. Note that PLD2 staining localizes to the cell
periphery, as observed also in normal-appearing overlying epidermis in basal cell carcinoma
(Figure 8). PLD2 staining of three patients is illustrated in panels A through C, and panel D
shows a negative control in which the primary antibody was omitted.

Voss et al. Page 18

Arch Dermatol Res. Author manuscript; available in PMC 2013 August 26.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 7. PLD2 Immunoreactivity was Reduced or Absent in Basal Cell Carcinoma (BCC)
(A and B) Archived paraffin-embedded basal cell carcinoma samples were sectioned (4
μm), deparaffinized, stained with an antibody recognizing PLD2 (Santa Cruz
Biotechnology, Santa Cruz, CA) and visualized with an ABC kit and DAB. Sections were
counterstained with hematoxylin. Results are representative of 13 of 13 BCCs. (C) A
negative control in which the primary antibody was omitted was performed and showed no
PLD2 staining. (D) Shown in panel D is the quantitation (means ± SEM) of the PLD2
immunoreactivity in 13 BCCs relative to normal-appearing overlying epidermis. The results
were quantified as 3+ (intense staining), 2+ (moderate staining), + (weak staining) or 0 (no
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staining) by three independent observers, the values averaged and the data analyzed by an
unpaired Student's t-test as described in Methods; *p<0.05.
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Figure 8. PLD2 Immunoreactivity Seemed Aberrant in Psoriatic Lesions
(A through C) Archived paraffin-embedded human epidermal samples from psoriatic
patients were sectioned (4 μm) and deparaffinized. Sections were then stained with an
antibody recognizing PLD2 and visualized with an ABC kit and DAB. Note that PLD2
staining was aberrant (extremely weak) in 8 of 10 psoriasis samples. (D) Immunoreactivity
in 1 of the 2 psoriatic samples with essentially normal PLD2 staining is illustrated. All
sections were counterstained with hematoxylin (blue staining).
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