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AKT activation triggers Rab14-
mediated ADAM10 translocation
to the cell surface in human aortic
endothelial cells

Chung Hee Baek¥*, Hyosang Kim'#, Soo Young Moon?, Eun Kyoung Lee3 &
Won Seok Yang**

AKT (protein kinase B) activation reduces the harmful effects of advanced glycation end products
(AGEs); however, the protective mechanisms remain unknown. In cultured human aortic endothelial
cells (HAECs), we investigated how AKT signaling suppresses AGEs-induced intercellular adhesion
molecule-1 (ICAM-1) expression. AGEs of bovine serum albumin (AGE-BSA) increased ICAM-1
expression, but this effect was abolished by pretreatment with the AKT activator SC79. SC79
activated AKT1, AKT2, and AKT3, translocated a disintegrin and metalloprotease 10 (ADAM10) to

the cell surface, and induced ectodomain shedding of the receptor for AGEs (RAGE). In contrast, Gl
254023X-mediated ADAM10 inhibition and siRNA-mediated ADAM10 knockdown both prevented
SC79-induced RAGE ectodomain shedding. On the other hand, MK-2206, a pan-AKT inhibitor, and
siRNA-mediated knockdown of AKT1, AKT2, or AKT3 prevented SC79-induced ADAM10 cell surface
translocation and RAGE ectodomain shedding. Notably, Rab14 was co-immunoprecipitated with
ADAM10. Following SC79 treatment, Rab14 moved to the cell surface, whereas siRNA-mediated
Rab14 knockdown prevented SC79 from promoting ADAM10 cell surface translocation and RAGE
ectodomain shedding and abolished SC79’s ability to inhibit AGE-BSA-induced ICAM-1 expression. In
conclusion, upon activation of all three isoforms, AKT suppresses AGE-BSA-induced ICAM-1 expression
by inducing ADAM10-mediated RAGE ectodomain shedding. This occurs because AKT signaling boosts
Rab14-dependent ADAM1O0 cell surface translocation.

Keywords A disintegrin and metalloprotease 10, AKT, Ectodomain shedding, Receptor for advanced
glycation end products, Rab14, SC79

The nonenzymatic glycation and oxidation of proteins, lipids, and nucleic acids produces advanced glycation
end products (AGEs)!. AGEs bind to the receptor for AGEs (RAGE) on the cell surface, causing inflammatory
reactions and contributing to the development of a number of diseases, including atherosclerosis'. In contrast,
AKT (also known as protein kinase B) activated by insulin-like growth factor-12~* or f-carotene® has been shown
to alleviate the deleterious effects of AGEs, but the underlying mechanisms are not clear.

RAGE is composed of an extracellular ligand-binding domain, a transmembrane region, and a short
cytoplasmic tail'. A disintegrin and metalloproteases 10 (ADAM10) cleaves RAGE’s extracellular domain
near the cell surface®. It is synthesized as a pro-ADAMI0 in the endoplasmic reticulum (ER) and converted to
mature ADAM10 by furin or proprotein convertases in the Golgi apparatus”. ADAM10 is mostly found in the
ER-Golgi apparatus. Upon stimulation, such as through the influx of extracellular Ca?*, ADAM10 promptly
translocates to the cell surface and cleaves the extracellular domain of its substrates®. However, the translocation
process is not yet fully understood. Previously, we found that activating adenosine monophosphate-activated
protein kinase (AMPK), either via extracellular Ca?* influx or 5-aminoimidazole-4-carboxamide ribonucleoside
(AICAR), causes rapid ADAMI0 cell surface translocation in cultured human aortic endothelial cells (HAECs),
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which increases ADAM10 shedding activity!®!!. Importantly, Rab14 was required for AMPK-induced ADAM10
cell surface translocation.

Rabl4 is one of the Rab GTPases that, when activated, promote the intracellular trafficking of vesicles
carrying cargo proteins!2 In the resting state, TBC1D1 and TBC1D4 suppress Rab14 activation'’>. AMPK and
AKT are upstream kinases that phosphorylate TBC1D1 and TBC1D4 at specific residues'®. Phosphorylated
TBC1D1 and TBC1D4 lose their inhibitory action on Rab14'. Therefore, activation of AMPK and AKT causes
Rab14 to become active.

AKT is a serine/threonine protein kinase that has a pleckstrin homology (PH) domain'®. To be activated,
the PH domain needs to bind PtdIns(3,4,5)P3 on the plasma membrane, which makes the conformation of
AKT more amenable to phosphorylation by upstream protein kinases, and the amount of PtdIns(3,4,5)P3 on
the plasma membrane determines AKT activation!®. AKT is composed of AKT1, AKT2, and AKT3 isoforms,
each with a specific function. AKT2 is the main AKT isoform that phosphorylates TBC1D1 and TBC1D4
in adipocytes and muscle cells'*1”13, but all three AKT isoforms contribute to TBC1D4 phosphorylation in
neuronal cells®.

SC79 is a cell-permeable AKT activator. It mimics the action of PtdIns(3,4,5)P3 and binds directly to the PH
domain of AKT, activating it'®. Thereby, SC79 increases the phosphorylation of all three AKT isoforms!®.

Intercellular adhesion molecule-1 (ICAM-1), upregulated by AGEs, promotes inflammatory responses. To
find out how AKT signaling lowers the effects of AGEs, we first examined whether activating AKT with SC79
reduces the stimulatory effect of AGEs of bovine serum albumin (AGE-BSA) on ICAM-1 expression. Second,
we investigated the possibility that AKT activation promotes ADAMI10 cell surface translocation and causes
RAGE ectodomain shedding. Third, we looked at the AKT isoforms that are involved in this process. Finally, we
investigated the possibility that Rab14 is involved in AKT-induced ADAM10 cell surface translocation.

Results

SC79 reduces AGE-BSA's stimulating effect on ICAM-1 expression

First, we tested whether SC79 pretreatment reduces the stimulating effect of AGE-BSA on ICAM-1 expression.
As shown in Fig. 1, AGE-BSA increased ICAM-1 expression, while SC79 pretreatment reduced this effect in a
concentration-dependent manner.

SC79 induces the shedding of the RAGE ectodomain

AGE-BSA stimulates ICAM-1 expression via RAGE!’. We next investigated whether SC79 treatment causes
RAGE ectodomain shedding. To see if SC79 induces the release of N-terminal fragments of RAGE, the cells were
treated with SC79, and RAGEs in the cell lysate and culture supernatant were quantified by Western blotting
with the use of a monoclonal antibody directed against the extracellular domain of human RAGE. As shown in
Fig.2A, SC79 treatment decreased cellular RAGE in a time-dependent manner. In contrast, SC79 treatment raised
RAGE levels in the culture supernatant. At doses ranging from 0.1 to 10 pM, SC79 dose-dependently decreased
cellular RAGE and increased RAGE in the culture supernatant (Fig. 2B). RAGE in the culture supernatant was
somewhat smaller than RAGE in the cell lysates, indicating that it was not full-length RAGE (Fig. 2C).

The increase in RAGE in the culture supernatant can be due to the ectodomain shedding of membrane-
bound RAGE or the release of endogenous secretory RAGE (esRAGE), which is produced by alternative mRNA
splicing. Ectodomain cleavage of RAGE yields N-terminal and C-terminal fragments, whereas esSRAGE does not
contain the transmembrane region and the cytosolic tail. To differentiate between the two forms, we examined
how SC79 affected the level of the C-terminal fragment of RAGE. As shown in Fig. 2D, treatment with SC79
increased the amount of the C-terminal fragment of RAGE in a dose-dependent manner.

Taken together, the findings that SC79 decreased full-length RAGE in cell lysates while increasing both the
N-terminal and C-terminal fragments of RAGE in the culture supernatant and the cell lysates, respectively,
indicate that SC79 induces RAGE ectodomain shedding. The N-terminal fragment of RAGE in the culture
supernatant (Fig. 2A and B) and the C-terminal fragment of RAGE in the cell lysates (Fig. 2D) were also visible
in the control condition, indicating that cells shed RAGE constitutively.
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Fig. 1. SC79 reduces AGE-BSA’ stimulating effect on ICAM-1 expression. HAECs were pre-incubated with
different concentrations of SC79 for 30 min, and then they were co-incubated with AGE-BSA (100 ug/ml)
for 24 h. The cell lysates were immunoblotted with antibodies against ICAM-1 and actin. (n=3, 'p<0.05 vs.
control; *p<0.05 vs. AGE-BSA)
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Fig. 2. SC79 induces the shedding of the RAGE ectodomain. HAECs were incubated with 10 uM SC79 for
various times (5, 10, 30, and 60 min) (n=4) (A) or different concentrations of SC79 (0.1, 1, 5, and 10 uM) for
30 min (n=3) (B). The cell lysate and culture supernatant were immunoblotted with a monoclonal antibody
to the extracellular domain of human RAGE and an anti-actin antibody. To compare the size of RAGE in

cell lysate and culture supernatant, untreated cell lysate (a) and conditioned media from cells treated with

10 pM SC79 for 30 min (b) were run on the same gel and immunoblotted with the RAGE antibody (C). The
cell lysates of HAECs treated with different concentrations of SC79 (0.1, 1, 5, and 10 pM) for 30 min were
immunoblotted with an antibody to the C-terminal domain of human RAGE and an anti-actin antibody
(n=4) (D). ('p<0.05 vs. control)

Inhibitors of AKT and ADAM10 diminish SC79-induced RAGE ectodomain shedding

SC79 is a pan-AKT activator. ADAM10, ADAM17, and matrix metalloproteinase 9 are all known to cleave
RAGE in the ectodomain®*?!. According to the literature, AKT was expected to increase ADAM10 activity. Thus,
we explored whether AKT and ADAM10 are involved in SC79-induced RAGE ectodomain shedding. MK-2206,
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a pan-AKT inhibitor, and GI 254023X, an ADAM10 inhibitor, both prevented SC79-induced increases in the
N-terminal fragment of RAGE in the culture supernatant (Fig. 3). The almost complete inhibition seen with
GI 254023X provides more evidence that enzymatic cleavage, not the release of a spliced form of RAGE, is the
mechanism.

SC79-induced RAGE ectodomain shedding is mediated by AKT1/2/3 activation
HAECs expressed all three AKT isoforms, including AKT1, AKT2, and AKT3 (Fig. 4A). We investigated which
AKT isoforms are involved in SC79-induced RAGE ectodomain shedding. AKT is activated by phosphorylations
at threonine 308/309/305 and serine 473/474/472 in AKT1/AKT2/AKTS3, respectively??. To ascertain activation,
we assessed the phosphorylations of AKT1 Ser473, AKT2 Ser474, and AKT3 Ser472. To deplete each AKT
isoform, siRNAs were transfected, and we verified that AKT1-, AKT2-, and AKT3-siRNAs significantly reduced
each AKT isoform specifically (Fig. 4A).

SC79 increased AKT1, AKT2, and AKT3 phosphorylations (Fig. 4B, 5A, 6A). In contrast, siRNA-mediated
knockdown of AKT1, AKT2, or AKT3 prevented SC79-induced RAGE ectodomain shedding (Fig. 4C, 5B, 6B).

We then investigated the possibility that AKT1, AKT2, and AKT3 mediate SC79’s suppression of the
stimulatory effect of AGE-BSA on ICAM-1 expression. As shown in Fig. 4D, 5C, and 6C, the depletion of AKT],
AKT2, or AKT3 by siRNA abrogated SC79’s inhibitory effect on AGE-BSA-induced ICAM-1 expression.

The results indicate that AKT1, AKT2, and AKT3 are all required for SC79-induced RAGE ectodomain

shedding.
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Fig. 3. Inhibitors of AKT and ADAM10 diminish SC79-induced RAGE ectodomain shedding. HAECs were
preincubated with or without MK-2206 (1 uM), GI 254023X (2 uM), or DMSO (vehicle) for 60 min. Following
this, they were further incubated for 30 min with or without SC79 (10 uM). The cell lysate and culture
supernatant were immunoblotted with a monoclonal antibody to the extracellular domain of human RAGE
and an anti-actin antibody. (n=3, ”p <0.05 vs. control, *p <0.05 vs. SC79 treatment alone)
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Fig. 4. AKT]1 activation is required for SC79-induced RAGE ectodomain shedding. (A) HAECs express

all three AKT isoforms, and AKT1-, AKT2-, and AKT3-siRNAs selectively deplete each AKT isoform.
HAECs were transfected with AKT1-, AKT2-, AKT3-siRNAs, or control siRNAs, and the cell lysates were
immunoblotted with antibodies to AKT1, AKT2, AKT3, or actin. (n=3, *p <0.05 vs. control). (B) SC79
activates AKT1. HAECs were incubated with 10 uM SC79 for various times (1, 5, 10, and 30 min) (upper
panel) or different concentrations of SC79 (0.1, 1, 5, and 10 uM) for 30 min (lower panel). The cell lysates
were immunoblotted with antibodies to p-AKT1 (Ser473) and AKT1. (n=3, p<0.05 vs. control). (C) AKT1
knockdown inhibits SC79-induced RAGE ectodomain shedding. HAECs were transfected with AKT1-siRNA
or control siRNA and then incubated for 30 min with or without SC79 (10 uM). The cell lysate and culture
supernatant were immunoblotted with a monoclonal antibody to the extracellular domain of human RAGE
and antibodies to AKT1 and actin. (n=3, "p<0.05 vs. control cells transfected with control siRNA). (D) AKT1
knockdown abolishes SC79’s inhibitory effect against AGE-BSA. HAECs transfected with AKT1-siRNA or
control siRNA were treated for 30 min with or without SC79 (10 pM). The cells were then treated with AGE-
BSA (100 pug/ml) for 24 h. The cell lysates were immunoblotted with antibodies to ICAM-1, AKT1, and actin.
(n=3, p<0.05 vs. control; p <0.05 vs. AGE-BSA; Tp<0.05 vs. control cells transfected with AKT1-siRNA)
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Fig. 5. AKT?2 activation is required for SC79-induced RAGE ectodomain shedding. (A) SC79 activates AKT2.
HAECs were incubated with 10 uM SC79 for various times (1, 5, 10, and 30 min) (upper panel) or different
concentrations of SC79 (0.1, 1, 5, and 10 uM) for 30 min (lower panel). The cell lysates were immunoblotted
with antibodies to p-AKT2 (Ser474) and AKT2. (n=4, ‘p<0.05 vs. control). (B) AKT2 knockdown inhibits
SC79-induced RAGE ectodomain shedding. HAECs were transfected with AKT2-siRNA or control siRNA
and then incubated for 30 min with or without SC79 (10 uM). The cell lysate and culture supernatant were
immunoblotted with a monoclonal antibody to the extracellular domain of human RAGE and antibodies

to AKT2 and actin. (n=4, 'p<0.05 vs. control cells transfected with control siRNA). (C) AKT2 knockdown
abolishes SC79’s inhibitory effect against AGE-BSA. HAECs transfected with AKT2-siRNA or control siRNA
were treated for 30 min with or without SC79 (10 uM). The cells were then treated with AGE-BSA (100 pg/ml)
for 24 h. The cell lysates were immunoblotted with antibodies to ICAM-1, AKT2, and actin. (n=3, p<0.05 vs.
control; #p<0.05 vs. AGE-BSA; Tp<0.05 vs. control cells transfected with AKT2-siRNA)

SC79 induces RAGE ectodomain shedding by promoting ADAM10 cell surface translocation
We examined the cell surface expression of ADAMI10 before and after SC79 treatment by immunofluorescently
labeling nonpermeabilized cells with an antibody against an extracellular epitope of the protein. In untreated
cells, ADAM10 was weakly positive on the cell surface. However, following 20 and 30 min of SC79 treatment,
there was a considerable rise in cell surface ADAM10 (Fig. 7A). The cell surface ADAMI0 returned to near
baseline at 60 min. We also evaluated the quantity of ADAMI0 protein in the cell lysates from the cells in
the same culture dish but not utilized for immunofluorescent staining. There was no appreciable change in
the amount of cellular ADAM10 protein following SC79 treatment (Fig. 7A). The findings suggest that SC79
translocates ADAMIO to the cell surface from intracellular compartments.

Next, we used siRNA-mediated ADAM10 depletion to examine the impact of selective ADAM10 inhibition
on SC79-induced RAGE ectodomain shedding. ADAMI10-siRNA significantly reduced ADAMI10 and
prevented SC79-induced RAGE ectodomain shedding, as shown in Fig. 7B. On the other hand, the constitutive
shedding of RAGE appeared to be insensitive to the reduction of ADAM10. This may be because other matrix
metalloproteinases, including ADAM172!, also participate in RAGE ectodomain shedding.
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Fig. 6. AKT3 activation is required for SC79-induced RAGE ectodomain shedding. (A) SC79 activates AKT3.
HAECs were incubated with 10 uM SC79 for various times (1, 5, 10, and 30 min) (upper panel) or different
concentrations of SC79 (0.1, 1, 5, and 10 uM) for 30 min (lower panel). The cell lysates were immunoblotted
with antibodies to p-AKT3 (Ser472) and AKT3. (n=3, ‘p<0.05 vs. control). (B) AKT3 knockdown inhibits
SC79-induced RAGE ectodomain shedding. HAECs were transfected with AKT3-siRNA or control siRNA
and then incubated for 30 min with or without SC79 (10 uM). The cell lysate and culture supernatant were
immunoblotted with a monoclonal antibody to the extracellular domain of human RAGE and antibodies

to AKT3 and actin. (n=3, 'p<0.05 vs. control cells transfected with control siRNA). (C) AKT3 knockdown
abolishes SC79s inhibitory effect against AGE-BSA. HAECs transfected with AKT3-siRNA or control siRNA
were treated for 30 min with or without SC79 (10 uM). The cells were then treated with AGE-BSA (100 pg/ml)
for 24 h. The cell lysates were immunoblotted with antibodies to ICAM-1, AKT3, and actin. (n=3, p<0.05 vs.
control; *p <0.05 vs. AGE-BSA; Tp<0.05 vs. control cells transfected with AKT3-siRNA)

In line with its effect on RAGE ectodomain shedding, siRNA-mediated ADAM10 depletion abolished SC79’s
inhibitory effect on AGE-BSA-induced ICAM-1 expression (Fig. 7C).

Depletion of AKT1, AKT2, or AKT3 impairs SC79-induced ADAM10 cell surface translocation
We further examined the role of AKT activation in SC79-induced ADAM10 cell surface translocation. MK-
2206, a pan-AKT inhibitor, blocked the SC79-induced increase in ADAMI10 expression on the cell surface
(Fig. 8A). We transfected siRNAs to identify the AKT isoforms involved. As shown in Fig. 8B, C, and D, siRNA-
mediated reductions of AKT1, AKT2, and AKT3 inhibited SC79-induced increases in ADAM10 expression on
the cell surface. The results indicate that AKT1, AKT2, and AKT3 are all required for SC79-induced ADAM10
cell surface translocation.

Rab14 interacts with ADAM10 and, upon SC79 treatment, moves to the cell surface
Rab14, a small GTPase, is involved in the translocation of ADAM]10 to the cell surface after AMPK activation!.
Like AMPK, AKT activates Rab14. In general, the Rab attached to a specific type of vesicle emanating from
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Fig. 7. SC79 induces RAGE ectodomain shedding by promoting ADAMI0 cell surface translocation. (A)
Immunofluorescence staining to evaluate the effect of SC79 on ADAMI0 localization. HAECs grown in
culture dishes with a coverslip were treated with SC79 (10 uM) for 10-120 min. (a) The cells on the coverslip
were fixed for 10 min with 4% paraformaldehyde without permeabilization, then immunostained with an
antibody to an extracellular portion of ADAM10 and examined using confocal microscopy. DAPI was used

to label the nuclei of the cells. Representative photos and the relative fluorescence intensities are shown

(scale bar: 100 um). (b) Cell lysates from cells that were not on the coverslip in the same culture plate were
immunoblotted with antibodies to ADAM10 and actin. (n=3, 'p<0.05 vs. control). (B) ADAM10 knockdown
inhibits SC79-induced RAGE ectodomain shedding. HAECs were transfected with ADAM10-siRNA or control
siRNA and then incubated for 30 min with or without SC79 (10 uM). The cell lysate and culture supernatant
were immunoblotted with a monoclonal antibody to the extracellular domain of human RAGE and antibodies
to ADAM10 and actin. (n=3, "p<0.05 vs. control cells transfected with control siRNA). (C) ADAM10
knockdown abolishes SC79’s inhibitory effect against AGE-BSA. HAECs transfected with ADAM10-siRNA or
control siRNA were treated for 30 min with or without SC79 (10 pM). The cells were then treated with AGE-
BSA (100 ug/ml) for 24 h. The cell lysates were immunoblotted with antibodies to ICAM-1, ADAM10, and
actin. (n=3, *p <0.05 vs. control; *p <0.05 vs. AGE-BSA; Tp <0.05 vs. control cells transfected with ADAM10-
siRNA)

the donor membrane is activated by GDP-GTP conversion and facilitates vesicle transport. During vesicle
trafficking, the Rab also reaches the target membrane?>2* and aids in the vesicle’s membrane fusion. Thus, we
explored whether Rab14 interacts with ADAMI10 and whether Rab14 also moves to the cell surface after SC79
treatment.
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Fig. 8. Depletion of AKT1, AKT2, or AKT3 impairs SC79-induced ADAMI10 cell surface translocation. (A)
AKT inhibition prevents SC79-induced ADAM10 cell surface translocation. HAECs were preincubated with
or without MK-2206 (1 uM) or DMSO (vehicle) for 60 min. Following this, they were further incubated for
20 min with or without SC79 (10 uM). Cells were immunostained with an antibody to an extracellular portion
of ADAM10. Representative photos and the relative fluorescence intensities are shown (scale bar: 100 pum).
(n=3, *p <0.05 vs. control; *p <0.05 vs. SC79 treatment alone). (B-D) AKT1, AKT2, and AKT3 knockdowns
prevent SC79-induced ADAMI0 cell surface translocation. HAECs grown in culture dishes with a coverslip
were transfected with AKT1-siRNA, AKT2-siRNA, AKT3-siRNA, or control siRNA, and then incubated for
20 min with DMSO or SC79 (10 uM). (a) Cells grown on the coverslip were immunostained for ADAMI10.
Representative photos and the relative fluorescence intensities are shown (scale bar: 100 um). (b) Cell lysates
from cells that were not on the coverslip in the same culture plate were immunoblotted with antibodies to
AKT1, AKT2, AKT3, or actin. (n=3, *p <0.05 vs. control cells transfected with control siRNA)
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We used co-immunoprecipitation to investigate the possible interaction between Rabl4 and ADAMI0.
In the basal state, Rab14 was specifically co-immunoprecipitated with ADAM10 (Fig. 9A). The amount of
co-immunoprecipitated Rab14 slightly increased after 20 min of SC79 treatment, but this increase was not
statistically significant when adjusted for ADAMI0.

To further study SC79’s effect on ADAM10 and Rab14 localization, we labeled cell surface proteins with biotin,
separated cell surface and intracellular proteins with avidin-coated agarose beads, and quantified ADAM10 and
Rabl4 in each sample by Western blotting. As shown in Fig. 9B, SC79 increased cell surface ADAM10 while
decreasing intracellular ADAM10, confirming the results of ADAMI10 immunofluorescent staining. Likewise,
SC79 increased biotin-captured Rab14 while decreasing intracellular Rab14. On the other hand, overall levels of
ADAMI10 and Rab14 were unaffected by SC79 treatment for 20 min.

The findings indicate that both ADAM10 and Rab14 move to the cell surface following SC79 treatment.

Rab1l4 is required for SC79-induced ADAM10 cell surface translocation
Next, we investigated whether Rab14 is necessary for the cell surface translocation of ADAM10 caused by SC79
and the subsequent ectodomain shedding of RAGE.

Transfection of Rab14-siRNA markedly reduced Rabl4 protein and prevented SC79-induced ADAM10
cell surface translocation (Fig. 10A) and RAGE ectodomain shedding (Fig. 10B), which indicates that Rab14 is
essential for SC79-induced ADAMI10 cell surface translocation.

Finally, we examined whether Rab14 is involved in SC79’s inhibitory effect on AGEs. As shown in Fig. 10C, the
knockdown of Rab14 with siRNA eliminated SC79’s inhibitory effect on AGE-BSA-induced ICAM-1 expression.

IP
IgG ADAM10 ADAM10

.
L — 24

Input
IgG ADAM10 ADAM10

ADAM10 | S S sl

2 Rab14/ 2

-60
IP

Rab14 ADAM10 ADAM10

2 | x DMSO
+ -
Rab14 1
U il soecow - -
DMSO + + . + + .
SC79(10 uM) - . + s : +
B : .
Cell surface proteins Intracellular proteins Whole cell lysates
kDa . kDa kDa
ADAMI0 | s S G0  ADAM10 = SEEES® s 60  ADAM10 --so
Rab14 e SR 2¢ Rab14 | 4 s 24 Rab14 " -24
Coomassie Actin S 3 Actin __—
blue
ADAM10 1 ADAM10/ 1 ADAM10/ 1
0.5 Actin 0.5 Actin 0.5
Rab14 1 Rab14/ 1 Rab14/ 1
0.5 Actin 0.5 Actin 0.5
DMSO + - DMSO + - DMSO + -
SC79(10 uM) - + SC79(10 uM) - + SC79(10 uM) - +

Fig. 9. Rabl4 interacts with ADAM10 and, upon SC79 treatment, moves to the cell surface. (A) Rab14 co-
immunoprecipitates with ADAM10. HAECs were treated with DMSO or SC79 (10 uM) for 20 min before
being lysed with NP-40 buffer. Lysates were incubated with rabbit anti-ADAM]10 antibody or rabbit IgG as a
control overnight at 4 °C, followed by incubation with Protein A agarose. The input and immunoprecipitation
fractions were analyzed using anti-ADAM10 and anti-Rab14 antibodies. (n=4, 'p <0.05 vs. cells treated with
DMSO and immunoprecipitated with ADAM10 antibody, ns: not significant). (B) SC79 translocates ADAM10
and Rab14 from intracellular compartments to the cell surface. HAECs were treated with DMSO or SC79

(10 uM) for 20 min. The cell surface proteins were biotin-labeled and isolated with avidin-coated agarose
beads. Whole cell lysates, biotin-bound cell surface proteins, and biotin-unbound intracellular proteins were
examined by Western blotting using anti-ADAM10, Anti-Rab14, and anti-actin antibodies. (n=5, p <0.05)
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Fig. 10. Rabl4 is required for SC79-induced ADAMI10 cell surface translocation. (A) Rab14 knockdown
prevents SC79-induced ADAMI0 cell surface translocation. HAECs grown in culture dishes with a coverslip
were transfected with Rab14-siRNA or control siRNA and then incubated for 20 min with DMSO or SC79
(10 uM). (a) Cells grown on the coverslip were immunostained with an antibody to an extracellular portion
of ADAM10. Representative photos and the relative fluorescence intensities are shown (scale bar: 100 pum).
(b) Cell lysates from cells that were not on the coverslip in the same culture plate were immunoblotted with
antibodies to Rab14 and actin. (n=3, p <0.05 vs. control cells transfected with control siRNA). (B) Rab14
knockdown inhibits SC79-induced RAGE ectodomain shedding. HAECs were transfected with Rab14-siRNA
or control siRNA and then incubated for 30 min with or without SC79 (10 uM). The cell lysate and culture
supernatant were immunoblotted with a monoclonal antibody to the extracellular domain of human RAGE
and antibodies to Rab14 and actin. (n=3, 'p<0.05 vs. control cells transfected with control siRNA). (C) Rab14
knockdown abolishes SC79’s inhibitory effect against AGE-BSA. HAECs transfected with Rab14-siRNA or
control siRNA were treated for 30 min with or without SC79 (10 pM). The cells were then treated with AGE-
BSA (100 pg/ml) for 24 h. The cell lysates were immunoblotted with antibodies to ICAM-1, Rab14, and actin.
(n=4, *p <0.05 vs. control; *p <0.05 vs. AGE-BSA; Tp <0.05 vs. control cells transfected with Rab14-siRNA)

Discussion

SC79 attenuated the impact of AGE-BSA, which elevates ICAM-1 expression in HAECs. Our findings show that
the inhibition caused by SC79 is driven by AKT activation, which facilitates ADAM10-mediated shedding of the
RAGE ectodomain. More importantly, this study reveals that the activation of AKT signaling boosts the Rab14-
dependent translocation of ADAM10 to the cell surface, thereby increasing its shedding activity.
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In this study, AGE-BSA enhanced the expression of ICAM-1 in HAECs. Pretreatment with SC79, on the
other hand, blocked the effect of AGE-BSA. By activating AKT, SC79 induced RAGE ectodomain shedding.
SC79’s inhibitory effect on AGE-BSA-induced ICAM-1 expression, on the other hand, was reversed by inhibiting
RAGE ectodomain shedding. As a result, the protective effect of AKT activation against AGEs was related to
RAGE ectodomain shedding. Cleavage of the extracellular domain eliminates cell surface RAGEs, reducing the
vulnerability of the cell to AGEs. Moreover, the released extracellular domain of RAGE neutralizes AGEs?.

ADAMI10 was implicated in the cleavage of the RAGE extracellular domain following SC79 treatment because
SC79 increased ADAMIO cell surface expression, whereas ADAM10 inhibition by GI 254023X and ADAM10
knockdown by siRNA blocked RAGE ectodomain shedding. The increase in ADAMI10 cell surface expression
coincided with a decrease in intracellular ADAM10, whereas SC79 had no impact on the overall quantity of
ADAMI10. Hence, the SC79-induced increase of ADAM10 on the cell surface was caused by its translocation
from intracellular compartments to the cell surface rather than new production.

Inaprevious study?®, AKT was suggested to playarole in the activation of ADAM10. Klothoisa transmembrane
protein that has anti-aging properties. In Klotho-transfected COS-7 cells, insulin treatment increased ADAM10-
mediated ectodomain shedding of Klotho via a phosphoinositide 3-kinase (PI3K)/AKT-dependent mechanism.
This occurred despite no increase in ADAM10 mRNA or protein level, implying that insulin works by enhancing
ADAMI0 shedding activity. However, the underlying mechanism has not been further identified. In the current
study, the stimulatory effects of SC79 on ADAMIO0 cell surface translocation and ADAM10-mediated RAGE
ectodomain shedding were abolished by siRNA-mediated reduction of AKT1, AKT2, or AKT3 as well as MK-
2206, a pan-AKT inhibitor, indicating that SC79’s actions were dependent on AKT. Overall, our findings suggest
that AKT activation boosts ADAM10 shedding activity by promoting ADAM10 cell surface translocation.

Notably, Rab14 was required for AKT-induced ADAM10 cell surface translocation. Rab GTPases control the
trafficking of cell surface proteins from the Golgi apparatus to the plasma membrane, and about 60 different Rab
GTPases have been identified'2. In muscle cells?’ and adipocytes?®, Rab14 is implicated in the translocation of
glucose transporter 4 (GLUT4) to the cell surface, which promotes cellular glucose uptake. Rab14 is also involved
in ADAMI0 cell surface trafficking, which was first found in the study of wound healing assays using a monolayer
of A549 cells?. The damage to the cell layer caused the remaining cells to migrate to the empty area; however,
Rab14 knockdown prevented this migration. This was because Rab14 is required for ADAM10 translocation to
the cell surface to remove N-cadherin, a cell adhesion molecule, which allows cells to migrate to the vacant area.
In a previous study“, we found that activating AMPK promotes ADAMIO0 cell surface translocation in HAECs,
and Rab14 is involved in this process. In the present study, Rab14 was co-immunoprecipitated with ADAMI0.
Following SC79 treatment, Rab14 moved to the cell surface, whereas siRNA-mediated Rab14 knockdown
blocked SC79-induced ADAM10 cell surface translocation and RAGE ectodomain shedding, suggesting that
Rab14 is also essential for AKT-induced ADAM10 cell surface translocation.

Rabl14 is a downstream component of both the AMPK and AKT signaling pathways. The two signaling
pathways have been well established in studies of exercise- and insulin-induced GLUT4 cell surface translocation
in muscle cells. Exercise and insulin activate AMPK and AKT, respectively'®. Rab GTPases are active when coupled
to GTP but inactive when linked to GDP. They are activated by guanine nucleotide exchange factors (GEFs),
which enhance GTP binding, and deactivated by Rab GTPase-activating proteins (RabGAPs), which promote
GTP hydrolysis'>. FAM116 proteins serve as Rab14 GEFs?, whereas TBC1D1 and TBC1D4 are RabGAPs that
inhibit Rab14 and several other Rab GTPases'®. On the other hand, TBC1D1 and TBC1D4 are substrates of
AMPK and AKT. When TBC1D1 and TBC1D4 are phosphorylated by AMPK or AKT, their inhibitory effects on
Rab GTPases are removed, allowing Rab GTPases to be activated!>1%, leading to enhanced GLUT4 cell surface
trafficking'. As Rab14 is also implicated in ADAMI0 cell surface translocation, AMPK or AKT activation is
expected to enhance ADAMI0 cell surface translocation. Consistent with this notion, our previous!! and current
findings indicate that Rab14-activating signals, such as AMPK and AKT, are the triggers of ADAM10 shedding
activity. However, Rab14 is not the only factor necessary for ADAM10 trafficking. Since the literature indicates
that the TspanC8 family of tetraspanins regulates ADAM10 trafficking®, it may be necessary to explore how the
tetraspanins participate in ADAM10 translocation to the cell surface induced by AMPK and AKT.

The AKT isoform(s) that control TBC1D1/TBC1D4 varied depending on the type of cell. In adipocytes
and muscle cells, AKT2 plays a major role in the phosphorylation of TBC1D1/TBC1D4, which leads to Rab14
activation!®. In neuronal cells, however, all three AKT isoforms contribute to TBC1D4 phosphorylation'®. The
reasons for these differences are unclear. In this study, SC79 needed AKT1, AKT2, and AKT3 to induce Rab14-
dependent ADAMI0 cell surface translocation and RAGE ectodomain shedding, which suggests that each
isoform has a distinct role.

AGEs elicit inflammatory reactions by activating RAGE signaling!. A previous study®! showed that AGE-
BSA activates AKT in HAECs. On the other hand, in this study, AKT activation reduced cell surface RAGE.
As a result, it’s plausible that AGE-induced AKT activation works as a negative feedback regulator, preventing
potentially detrimental inflammatory reactions to prolonged AGE exposure.

There has been evidence that SC79 suppresses the effects of lipopolysaccharide (LPS) and tumor necrosis
factor-a (TNF-a) by activating AKT. In microglia, SC79 inhibited LPS-induced NADPH oxidase 2 expression,
reactive oxygen species production, and glutamate release®’. In mice with LPS-induced sepsis, SC79 treatment
significantly decreased serum IL-1B and improved survival®>. PI3K/AKT inhibition, on the other hand, greatly
exacerbated LPS-induced inflammation, resulting in lower survival in endotoxemic mice?*. SC79 was also
shown to attenuate TNF-a-induced apoptosis in hepatocytes®. In an animal experiment, SC79 protected mice
from D-galactosamine/LPS-induced TNF-a-mediated liver injury, whereas LY294002, a PI3K/AKT inhibitor,
abrogated SC79’s hepatoprotective effects®. In this regard, our findings suggest plausible mechanisms for the
protective effects of SC79. Toll-like receptor 4 (TLR4) and tumor necrosis factor receptor 1 (TNFR1), which
are receptors for LPS and TNF-q, respectively, are ADAMI10 substrates. Therefore, it may be possible that AKT
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activation induces ADAM10-mediated ectodomain shedding of TLR4 and TNFR1, which results in protective
effects against LPS and TNF-a.

In conclusion, upon activation of all three isoforms, AKT suppresses AGE-BSA-induced ICAM-1 expression
by inducing ADAM10-mediated RAGE ectodomain shedding. This occurs because AKT signaling boosts
Rab14-dependent ADAMIO cell surface translocation.

Materials and methods

Reagents

SC79 (HY-18749) and MK-2206 (HY-10358) were purchased from MedChemExpress (Brea, CA, USA). AGE-
BSA was from Cayman Chemical (Ann Arbor, MI, USA). GI 254023X, 4',6-diamidino-2-phenylindole (DAPI),
and dimethyl sulfoxide (DMSO) were from Sigma-Aldrich (St. Louis, MO, USA). SC79, MK-2206, and GI
254023X were dissolved in DMSO. Antibodies for human RAGE (sc-80652; a mouse monoclonal antibody
against a truncated extracellular domain of human RAGE), ADAM10 (sc-28358; a mouse monoclonal antibody
for Western blotting), Rab14 (sc-271401; a mouse monoclonal antibody), ICAM-1 (sc-7891), and actin (sc-
47778) were from Santa Cruz Biotechnology (Dallas, TX, USA). Anti-RAGE (JF0975) rabbit monoclonal
antibody against amino acids 350-390 corresponding to the C-terminal region of human RAGE was from
R&D Systems, Inc. (Minneapolis, MN, USA). Rabbit polyclonal antibodies against the amino acids 214-500 of
human ADAM10 (A10438; for immunofluorescence staining), AKT1 (A11016), AKT3 (A12909), p-AKT15¢r473
(AP0140), and p-AKT25474 (AP0005) were from ABclonal, Inc. (Woburn, MA, USA). AKT2 antibody (#3063)
was from Cell Signaling Technology, Inc. (Danvers, MA, USA). p-AKT3%72 (PAB8141) antibody was from
Abnova Corporation (Taipei, Taiwan). ADAM10 recombinant rabbit monoclonal antibody (JM32-11) (MA5-
32616; for immunoprecipitation), ADAM10-small interfering RNA (siRNA), Rab14-siRNA, and control siRNA
(Ambion’) were from ThermoFisher Scientific. AKT1-siRNA (sc-29195), AKT2-siRNA (sc-29197), AKT3-
siRNA (sc-38911), and the corresponding control siRNA (sc-37007) were from Santa Cruz Biotechnology, Inc.

Cell culture

Primary HAECs were acquired from Lonza Walkersville (Walkersville, MD, USA) and cultivated in EBM-2
endothelial growth basal media (Lonza Walkersville). After 3-5 passages, equal numbers of cells were plated on
tissue culture plates and cultured for 24 h before resting for 16 h in Medium 199 with HanK’s salts (ThermoFisher
Scientific) containing 2% fetal calf serum. The culture medium was then changed to serum-free Medium 199
with HanK’s salts (Ca?* 1.26 mM), and the cells were subjected to the experiments.

Transfection with siRNA

Lipofectamine (Life Technologies/ThermoFisher Scientific) was used to transfect siRNAs into the cells. For
the experiments, HAECs were plated on 6-well plates (for Western blotting) or 60-mm culture dishes with a
coverslip (for immunofluorescence staining and Western blotting). They were grown in EBM-2 endothelial
growth basal medium for 24 h, after which the culture medium was changed to serum-free M199 with
HanK’s salts. In the meantime, siRNA was incubated with lipofectamine diluted in Opti-MEM medium (Life
Technologies/ThermoFisher Scientific) for 15 min at room temperature, which produces siRNA-lipofectamine
complexes. Transfection of siRNA was performed by incubating the cells with siRNA-lipofectamine complexes
for 6 h at 37 °C in a CO, incubator. The cells were then cultured for an additional 18 h in EBM-2 endothelial
growth basal medium.

Western blot analysis
Following cell culture treatments, the conditioned medium was either discarded or collected to quantify shedded
RAGE. After being cleaned with phosphate-buffered saline (PBS), the residual cells were treated on ice for 10 min
with cold RIPA buffer, which included 50 mM Tris-HCI (pH 7.4), 150 mM NacCl, 0.25% sodium deoxycholate,
1% NP-40, and protease and phosphatase inhibitors. The cells that were lysed in RIPA buffer were gathered,
transferred to a microcentrifuge tube, and centrifuged at 10,000xg for 5 min at 4 °C. The supernatant was
obtained as a whole cell lysate. After measuring the protein concentration by the Bradford method, cell lysates
with equal protein amounts were separated via sodium dodecyl sulfate-polyacrylamide gel electrophoresis and
then transferred to an Immobilon-P membrane (EMD Millipore, Bedford, MA, USA). The primary antibodies
were applied to the protein-transferred membranes first, followed by a wash and application of the secondary
antibodies conjugated with horseradish peroxidase. Finally, the membranes were washed and incubated with
Luminata Forte Western HRP Substrate (EMD Millipore) to see the protein bands.

To quantify shedded RAGE, equal volumes of conditioned medium were concentrated using an Amicon’
Ultra centrifugal filter (Ultracel -10 K, EMD Millipore), and the samples were immunoblotted using an anti-
human RAGE antibody (sc-80652), which interacts with the extracellular domain of human RAGE.

Immunofluorescence staining of cell surface ADAM10

In 60-mm culture dishes, a coverslip was placed on the bottom, and the cells were plated and cultured. The cells
grown on the coverslip were utilized to stain the cell surface ADAMI10 using immunofluorescence. The other
cells in the same culture dish underwent Western blot analysis to determine the quantity of ADAM10, AKT1,
AKT2, AKT3, or Rabl4.

Cells on the coverslip were fixed for 10 min in 4% paraformaldehyde. To detect cell surface ADAMIO,
permeabilizing agents such as Triton X-100 were not employed. After fixation, cells were treated for 60 min with
1% bovine serum albumin in PBS to block nonspecific binding and then incubated overnight at 4 °C with a rabbit
antibody against an extracellular epitope of human ADAMI10 (A10438). After three PBS washes, the cells were
treated with an AlexaFluor 488-conjugated anti-rabbit IgG secondary antibody. The nuclei of the cells were then
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labeled with DAPI. The cells’ immunofluorescence images were captured using a Zeiss LSM710 laser-scanning
confocal microscope (Carl Zeiss, Oberkochen, Germany). Using the Image] software (National Institutes of
Health, Bethesda, USA), each cell’s fluorescence intensity was calculated as follows: Each cell’s fluorescence
intensity = integrated density — (the area of the selected cell x the mean fluorescence of background reading).

Co-immunoprecipitation

The cells were lysed with NP-40 Lysis Buffer (MedChemExpress), which contains 50 mM Tris (pH 7.4), 150 mM
NaCl, 1% NP-40, and protease inhibitors. At 4 °C, the whole cell lysates (500 pg) were precleared by incubating
with 1 pg of rabbit control IgG (Cell Signaling Technology, #2729) and 20 pl of protein A agarose (Santa Cruz
Biotechnology, sc-2001) for 30 min and then incubated overnight with 4 ug of a rabbit anti-ADAMI10 antibody
(MA5-32616) or a rabbit control IgG, followed by incubation with 20 pl of protein A agarose for 4 h. Both
the whole cell lysate (input) and the immunoprecipitated proteins were analyzed by Western blot using mouse
monoclonal antibodies to ADAMI10 (sc-28358) and Rab14 (sc-271401).

Separation of cell surface and intracellular proteins

The Pierce™ cell surface protein biotinylation and isolation kit (ThermoFisher Scientific) was used to separate
cell surface proteins from intracellular proteins. Briefly, cells grown in 100-mm culture dishes were treated with
either DMSO or SC79. Cell surface proteins were labeled by incubating cells with Sulfo-NHS-SS-Biotin for
10 min at room temperature. To isolate biotin-labeled proteins, NeutrAvidin agarose beads were added to whole
cell lysates in spin columns. The proteins that did not adhere to the agarose beads were collected and designated
as intracellular proteins. Biotin-labeled proteins adhered to agarose beads were collected using an elution buffer
containing dithiothreitol and defined as cell surface proteins. Cell surface proteins, intracellular proteins, and
whole cell lysates were subjected to Western blot analysis.

Statistical analysis

Data are presented as mean = S.E.M. The differences between the two groups were examined using the Student’s
t test. The differences among the three or more groups were determined using the analysis of variance test with
Scheffe’s multiple comparisons. IBM SPSS Statistics 21.0. (IBM Co., Armonk, NY, USA) was used to conduct the
statistical analyses. P values below 0.05 were deemed statistically significant.

Data availability

Data will be available upon request to the corresponding author.
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