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Abstract

Background and Purpose The gut hormone glucose-dependent insulinotropic polypeptide (GIP) signals via the GIP receptor
(GIPR) resulting in postprandial processes such as potentiation of glucose-stimulated insulin secretion. Translation of results
from rodent to human studies has, however, been challenged by contradictive therapeutic effects of GIPR-targeting compounds.
We, therefore, investigated the variation between species focusing on GIPR desensitization and the role of the C-terminus.
Experimental Approach Species variants of the GIPR were studied in vitro for endogenous ligand affinity, G protein activation
(cAMP accumulation), recruitment of beta-arrestin, and internalization. Variants of the mouse, rat, and human GIPRs with
swapped C-terminal tails were studied in parallel. Key Results The human GIPR is more prone to internalization than rodent
GIPRs. Despite similar agonist affinities and potencies for Guc-activation especially the mouse GIPR has a reduced receptor
desensitization, internalization, and beta-arrestin recruitment. Using an enzyme-stable, long-acting GIP analogue, the species
differences were even more pronounced. “Tail swapped” human, rat, and mouse GIPRs were all fully functional in their Ggc-
coupling and the mouse GIPR regained internalization and beta-arrestin 2-recruitment properties with the human tail while
the human GIPR lost the ability to recruit beta-arrestin 2 when its own C-terminus was replaced by the rat or mouse tail.
Conclusion and Implications Desensitization of the human GIPR is dependent on the C-terminal tail. The diverse functionality
of the C-terminal tail as well as receptor internalization patterns between species, especially human and mouse GIPRs, are

important factors that could influence the preclinical therapeutic evaluation of GIPR targeting compounds.

Hosted file

Manuscript incl. legends_submission.docx available at https://authorea.com/users/635146/
articles/652678-altered-desensitization-and-internalization-patterns-of-rodent-versus-
human-gip-receptors-a-major-drug-discovery-challenge


https://authorea.com/users/635146/articles/652678-altered-desensitization-and-internalization-patterns-of-rodent-versus-human-gip-receptors-a-major-drug-discovery-challenge
https://authorea.com/users/635146/articles/652678-altered-desensitization-and-internalization-patterns-of-rodent-versus-human-gip-receptors-a-major-drug-discovery-challenge
https://authorea.com/users/635146/articles/652678-altered-desensitization-and-internalization-patterns-of-rodent-versus-human-gip-receptors-a-major-drug-discovery-challenge

>

125+ Human GIPR Rat GIPR

Binding of ligand to
non-preincubated GIPR (per cent)

Human (homo sapiens):
Rat (rattus norvegicus):
Mouse (mus musculus):

Pig (sus scrofa):

Dog (canis lupus familiaris):
Cat (felis catus):

vy}

oDRoe

a
S

o

Per cent of GIP-induced
GIP receptor activation (Emax)

-13 -12 -11 -10 -9 -8
Log. conc. ligand (M)

@)

125+

hGIP receptor: hGIP

hGIP receptor: GIP analogue
rGIP receptor: rGIP

rGIP receptor: GIP analogue
mGIP receptor: mGIP

mGIP receptor: GIP analogue

Human GIPR Rat GIPR

Pig GIPR Dog GIPR Cat GIPR = 125 -®- Human GIPR
g i & RatGIPR
o8 100 Mouse GIPR
S !
8% -O- Pig GIPR
= {1} DogGIPR
22 5 <~ CatGIPR
S 6
B2 25
o
<
& o0
-13-12-11-10 -9 -8 -7 -6
Log. conc. ligand (M)
1 18 30 42

YAEGTFISDYSIAMDKIHQQDFVNWLLAQKGKKNDWKHNITQ
YAEGTFISDYSIAMDKIRQQDFVNWLLAQKGKKNDWKHNLTQ
YAEGTFISDYSIAMDKIRQQDFVNWLLAQRGKKNDWKHNITQ
YAEGTFISDYSIAMDKIRQQDFVNWLLAQKGKKSDWKHNITQ
YAEGTFISDYSIAMDKIRQQDFVNWLLAQKGKKNDWKHNITQ
YAEGTFISDYSIAMDKIRQQDFVNWLLAQKGKKNDWKHNITQ

@]

pGIP receptor: hGIP
pGIP receptor: GIP analogue
dGIP receptor: hGIP
dGIP receptor: GIP analogue
cGIP receptor: hGIP
cGIP receptor: GIP analogue

(R

o
3

Per cent of hGIP-induced
GIP receptor activation (Epax)

-13 -12 -11 -10 -9 -8
Log. conc. ligand (M)

Pig GIPR Dog GIPR Cat GIPR

I

100 F
1

75+
50+

254

Binding of GIP analogue to
non-preincubated GIPR (per cent)

o

i




A

w

Fluoresceint acetic acid (acceptor)

Labelled benzylguanin (donor) - Human GIPR ~ Rat GIPR
o . » .
e £f
. " g
Agonist binding 53 40
o, 2E
N-terminal SNAP-tag 8% 30
£5
- £
o 229
TN 83
»* ggw
w2
8
\ FF 0
Receplor ‘W, %
internalisation z o
&
&8

(@]
o

- 1000 nM GIP analogue
<+ 100 nM GIP analogue
7+ 10 nM GIP analogue

1 nM GIP analogue

-4~ 1000 nM hGIP @

& 100 nMhGIP  Human GIPR
4 10 nM hGIP
1nM hGIP

Internalization (donorfacceptor)

Internalization (donor/acceptor)

0 10 20 30 40 50 60 0 10 20 30 40 50 60
Time (minutes) Time (minutes)

1000 nM rGIP @

m
m

510 - 5 - 1000 nM GIP analogue
Q. Q
@ -+ 100 nM GIP analogue
8 = 100nMGIP  RatGIPR &
8 & 10 nM GIP analogue
‘g_ 10nMGIP E 1 nM GIP analogue
805 1nM rGIP 8
j = c
2 S
T T
£ N
© ©
£ 0.0 E
o £
€ £
- 0 10 20 30 40 50 60 - 0 10 20 30 40 50 60
Time (minutes) Time (minutes)
G o> H
“‘g 1.0 1000 nM mGIP _'g 1.0 1000 nM GIP analogue
8 100 "M mGIP 3 100 nM GIP analogue
ud 3
‘g 10 nM mGIP ‘g 10 nM GIP analogue
§ 0.5 1 nM mGIP §, 0.5 1 nM GIP analogue
c c
2 S
g g
© ©
£ 00 £0.0
o 5]
= £ T T T
- 0 10 20 30 40 50 60 = 0 10 20 30 40 50 60
Time (minutes) Time (minutes)

2009 & Rat GIPR: rat GIP

Mouse GIPR: mouse GIP
-~ Human GIPR: human GIP

150+

1004

Per cent of human GIP-induced
arrestin recruitment to human GIPR

o+ + T T T T
-1 10 9 -8 -7 -6
Log. conc. ligand (M)



I
GIP analogue
(90 minutes)
Wild-type human GIPR

-®- Human GIPR-mouse tail

hGIP
(90 minutes)

r T T

o =) o o o
S o) ) rel

Y -~ -

BulpUIg dIDU-Ig;, PaIlRGEIOIPE

[EWIXeW JO Juad Jod

o

- Wild-type human GIPR

~®- Human GIPR-rat tail

9 -8 -7 -6
Log. conc. hGIP (M)

-11 10

o
a

&

-7

-8
-O- GIP analogue

-10 -9
log. conc. hGIP (M)
- hGIP

12 -1

1 1 I 1
0
0 7 5 2
1

1254

Buipuig puebijoipel
|ewixew JO juad Jad

nu o v o

Buipuig puebijoipes
[ELIXEW JO JU8D Jod

)

o
P

&
-0~ GIP analogue

- hGIP

Log. conc. ligand (M)

T
o
B

Buipuiq puebijoipe.
|ewixeuw Jo jueo Jad

Yl uewny adAl pim
jo

150
100

(*eW3) uoeAyoe Jojdaoal
< paonpur-dioy jo uso 1ad

ST

150

=
B

(*®3) uoneanoe Joydaoel
C paonpul-d|9y J0 jusd Jad

Wild-type mouse GIPR
Wild-type rat GIPR

-8~ Mouse GIPR-human tail

3
o
<
£
5
=
o
[
o
ko]
o

-6
-6
-6

8 -7
-7

Log. conc. mGIP (M)
-7

-8
-8

-9
-9

Log. conc. hGIP (M)
9

Log. conc. rGIP (M)

-11 <10
-1 -10
411 -10

100

c

Mouse GIPR-
human C-terminus

-~ mGIP

-O- GIP analogue
rGIP

-O- GIP analogue

.-

-8

-9
-9

-10
-10
-10

-1
-1
11

Log. conc. ligand (M)
Log. conc. ligand (M)
Log. conc. ligand (M)

-12
-12

150+
150+
501

(*ew3) uoneanoe Jojdsoal
LLI paonput-giow jo juso sog

(¥e3) uoneanoe Jojdeoss
O poonpur-dios jo e sog



Hosted file
Table 1.docx

>

W

(@)

g5 - Widtype human GIPR § 5 500 - WistyperatGIPR  § 3 500 WildHype mouse GIPR
28 # Human GIPR-rattal 3 g 400 = Rat GIPR-human tail 5 § 400 -4 Mouse GIPR-human tail
3¢ g g8
S Hi IPR-1 tail §
L -+ Humen GPRmousetal 38 00 58 w0
T £ T L ol
dso d o 200 d e 200
2% 23 ez
5E 52 100 5 2 100
52 5e 8 o
38 8g © 88
5 4110 9 8 7 5 4110 9 8 7 & 5 4140 8 B 7 5
o Log. conc. ligand (M) o Log. conc. (GIP (M) Log. conc. mGIP (M)
2 Human GIPR- Human GIPR- RatGIPR- Mouse GIPR-
g 1254 rat tail mouse tail  human tail  human tail
3
[ JX-% T
£e 100 o T
g np i
© '
20 754 T -
= T
R - : A
>8
€8 504 1 1 H '
] ' ] ]
23 ]
o< H ! ] '
£ = | 1 | :
Q
& ! ] ' '
' " :
2 o T T
2
F DD NS &S
4&}‘ NS NS NS
£ 2 oS Rf @b Ref
L& (§ L \\0 & & o
T < <
B Human GIPR C Human GIPFR- D man GIP
N mouse C-terminus -
g
%% 126 % 1 nMhuman GIP %g 125 1 nM hurnan GIP §‘§ 125 1 nM human GIP
23 &~ 10M human GIP 23 10 10 nM human GIP 2 10 10 nM human GIP
£5 ¥ 100nM human GIP g8 100 nM human GIP $ =+ 100 nM human GIP
5z -0 1 1M GIP analogue Eé‘ s 1 1M GIP analogue g 75- 1 nM GIP analogue
E; -4+ 10 nM GIP analogue Es 50 - 10 nM GIP analogue 35 50 10 nM GIP analogue
58 “ 100 nM GIP analogue 58 < 100 M GIP analogue 3 s “7- 100 nM GIP analogue
8 =8 3 -3
i 55 o 8
28 N eseere EARNINIP PRI NI
Time (minutes) Time (minutes) Time (minutes)
5
Es | 1nM rat GIP %5 .| 1nMrat GIP
@£ 125 g5 s
3 10 nM rat GIP 590 10 M rat GIP
Rat GIPR gé " T jema o Rat GIPR- §s - 100nMrat GIP
HENE =Y 1M GIP analogue uman Cterminus B & 77 Ve 1M GIP anslogue
ég 504 10 1M GIP analogue g; 50 -4+ 10 nM GIP analogue
52 3
58 sl <9100 1M GIP analogue 28 o] -9+ 100 M GIP analogue
€8 g
5o VoS
= R R & NIRRT ]
Time (minutes) Time (minutes)
£, 2.
Q2 125 1 nM mouse GIP 82 1M mouse GIP
5% 10 nM mouse GIP C =3 10 nM mouse GIP
£5 1007 100 nM mouse GIP N MU“SE?‘PR' 2% 100 nM mouse GIP
£8 759 1 nM GIP analogue pman triemnus - 2 2 1 nM GIP analogue
S 10 1M GIP analogue IH - 10 M GIP analogue:
58 o254 100 M GIP analogue ;‘g - 100 nM GIP analogue
=8
8L o B £ T
& DS eSS & RGO
Time (minutes) Time (minutes)
available at

https://authorea.com/users/635146/articles/652678-altered-


https://authorea.com/users/635146/articles/652678-altered-desensitization-and-internalization-patterns-of-rodent-versus-human-gip-receptors-a-major-drug-discovery-challenge
https://authorea.com/users/635146/articles/652678-altered-desensitization-and-internalization-patterns-of-rodent-versus-human-gip-receptors-a-major-drug-discovery-challenge

desensitization-and-internalization-patterns-of-rodent-versus-human-gip-receptors-a-
major-drug-discovery-challenge


https://authorea.com/users/635146/articles/652678-altered-desensitization-and-internalization-patterns-of-rodent-versus-human-gip-receptors-a-major-drug-discovery-challenge
https://authorea.com/users/635146/articles/652678-altered-desensitization-and-internalization-patterns-of-rodent-versus-human-gip-receptors-a-major-drug-discovery-challenge
https://authorea.com/users/635146/articles/652678-altered-desensitization-and-internalization-patterns-of-rodent-versus-human-gip-receptors-a-major-drug-discovery-challenge
https://authorea.com/users/635146/articles/652678-altered-desensitization-and-internalization-patterns-of-rodent-versus-human-gip-receptors-a-major-drug-discovery-challenge

