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B-Arrestin—biased signaling mediates memory reconsolidation
Xing Liu, Li Ma, Hao Hong Li', Bing Huang, You Xing Li, Ye Zheng Tao, and Lan Ma®

The State Key Laboratory of Medical Neurobiology, School of Basic Medical Sciences and the Institutes of Brain
Science, and the Collaborative Innovation Center for Brain Science, Fudan University, Shanghai 200032, China

Edited by Robert J. Lefkowitz, Howard Hughes Medical Institute, Duke University Medical Center, Durham, NC, and
approved February 26, 2015 (received for review November 26, 2014)

A long-standing hypothesis posits that a G protein-coupled signaling pathway mediates B-adrenergic
nervous system functions, including learning and memory. Here we report that memory retrieval
(reactivation) induces the activation of B;-adrenergic B-arrestin signaling in the brain, which stimulates
ERK signaling and protein synthesis, leading to postreactivation memory restabilization.
B-Arrestin2-deficient mice exhibit impaired memory reconsolidation in object recognition, Morris
water maze, and cocaine-conditioned place preference paradigms. Postreactivation blockade of both
brain B-adrenergic Gs protein- and B-arrestin— dependent pathways disrupts memory reconsolidation.
Unexpectedly, selective blockade of the Gs/cAMP/PKA signaling but not the B-arrestin/ERK signaling
by the biased B-adrenergic ligands does not inhibit reconsolidation. Moreover, the expression of
B-arrestin2 in the entorhinal cortex of B-arrestin 2—deficient mice rescues B;-adrenergic ERK signaling
and reconsolidation in a G protein pathway-independent manner. We demonstrate that
B-arrestin—biased
B-arrestin—biased ligands in the treatment of memoryrelated disorders.

Key words: B-arrestin2; f-adrenergic receptor; memory reconsolidation; biased receptor signaling

signaling regulates memory reconsolidation and reveal the potential for

A longside classical G protein pathways,
activation of G proteincoupled receptors (GPCRs)
stimulates ~ B-arrestin—dependent  signaling,
leading to ERK phosphorylation and other
downstream events (1, 2). Biased agonists,
which induce functionally selective or biased
receptor states and, thus, selectively activate one
of the signaling pathways, have recently been
identified for several GPCRs (3). Biased receptor
agonism offers theoretical guidance for the
discovery of a new generation of GPCRtargeted
drugs with greater efficacy but fewer adverse

effects. However, the lack of knowledge about

the signaling pathways specifically eliciting a
beneficial effect is a major obstacle in the
understanding of disease mechanisms and the
development of biased drugs targeting most
GPCRs, especially those expressed in the central
nervous (CNS)

system with  psychiatric

importance.

Significance

B-Adrenergic receptors (B-ARs) are hormone
and neurotransmitter receptors. The data we
present in this paper challenge the assumption that

memory reconsolidation is governed by the traditional
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B-AR/G protein signaling pathway. We found
that memory reconsolidation is mediated by a
B-arrestin—dependent  P-adrenergic  signaling
pathway. Our experiments demonstrate that upon
a P1-AR/B-arrestin2/ERK

pathway is activated in distinct brain areas,

memory retrieval,

stimulating de novo protein synthesis and
inducing postretrieval memory restabilization.
reconsolidation can be

Moreover, memory

disrupted by propranolol, but not biased
B-blockers such as carvedilol and alprenolol. Our
study thus demonstrates that memory
reconsolidation is mediated by a [-arrestin—
biased p-adrenergic signaling pathway and

reveals the the rapeutic potential for
B-arrestin—biased ligands in the treatment of

memory-related disorders.

Besides their
cardiovascular  and

important roles in the
pulmonary  systems,
B-adrenergic receptors (B-ARs) are critically
involved in CNS functions such as arousal,
cognition, and stressrelated behaviors (4, 5).
B-Adrenergic neuronal signaling is important for
neuroplasticity, including long-term potentiation
(6) and memory formation (7). Accumulating
cell biological evidence suggests that f-ARs also
signal via G protein-independent, B-arrestin—
dependent pathways (8—10). However, functions
of B-AR in the CNS have been primarily
ascribed to their classical role of stimulating Gs
differential
consequences for the G protein- and B-arrestin—

protein. The neurophysiological
dependent pathways, if any, have not been
delineated.

A longstanding hypothesis posits that a
B-AR/Gs/protein kinase A (PKA)
pathway mediates

signaling
memory reconsolidation
(11-13), a process that strengthens, updates, or
erases a previously acquired memory after recall

(memory reactivation). This hypothesis is largely
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based on observations that f-ARs and molecules
in the classical GPCR signaling pathway—such
as cAMP (cAMP), PKA, and cAMP response
element-binding protein (CREB)—are required
for reconsolidation, which was determined by
using receptor antagonists, kinase inhibitors, or
gene knockout mice (11, 14, 15). Most of these
molecules are also required for basal neural
activity or plasticity, and there has been no direct
evidence demonstrating that the function of
B-ARs in reconsolidation is mediated by G
protein/PKA or other signaling pathway (12). In
the current study, we tested the potential
involvement of G protein/cAMP/PKA-dependent
pathway versus PB-arrestin—dependent signaling
in memory reconsolidation by using object
recognition paradigm.

Results

Reconsolidation of Object Recognition Memory
Is Mediated by a Gs Protein- Independent
P1-AR Signaling Pathway. Mice tend to explore
a novel object more than the familiar one, and
this preference reflects the use of recognition
memory (16). In the reconsolidation of object
recognition memory (ORM) test, mice were first
trained to recognize object A and object B (Fig.
S1A), and 24h after reexposure to the two objects
to retrieve/reactivate ORM acquired in the
training session, they were subjected to memory
retention (reconsolidation) test. During the 5-min
memory test, mice were allowed to explore a
novel object (object C) and a familiar object
(object A). The time spent exploring each object
was recorded (Fig. S1 A-G) and the animal’s
preference for object C over object A was
designated as preference index and compared
with those for object B over object A determined
during memory reactivation process. We first
examined the effect of antagonist treatment
given immediately (within 2 min) after memory



reactivation on ORM reconsolidation (Fig. 1A). administrated  propranolol (a  nonselective
Two-way repeated measures (RM) ANOVA blocker of B-AR) or betaxolol (a selective f;-AR
indicates a drug treatment by session test antagonist) after memory reactivation did not
interaction [Fyeatment (4, 93) = 15.082, P<0.001, (Bonferroni’s post hoc comparison, Fig. 1A and
Fsession (1, 93) = 80.298, P<0.001, Fycatment x session Fig. S1 B, H, and 1). Moreover, ORM
(4, 93) = 13.051, P<0.001, two-way RM reconsolidation could not be blocked by i.p.
ANOVA]. During the memory retention test, administration of mnadolol, a blood-brain
C57BL/6 mice treated with vehicle immediately barrier-impermeable B-blocker (Fig. SIM) or
after reexposed to objects A and B (memory B2-AR—selective antagonist ICI 118, 551 (Fig.

reactivation) exhibited a preferential exploration 1A and Fig. S1J). These data suggest the critical
for object C versus object A, indicating a normal involvement of brain B; adrenergic signaling in
object recognition memory, whereas mice i.p. ORM reconsolidation.
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Fig. 1. ORM reconsolidation is mediated by a Gs protein-independent ;-AR signaling pathway. Mice trained with
object A and object B were reexposed to both objects (A+B) for memory reactivation (RA) 24 h later. Drug injection was
given within 2 min after memory reactivation. Memory retention was tested by exposure to object A and object C (A+C).
Values in the bar indicate number of mice per group. (A and E) Postreactivation i.p. injection of propranolol (Prop, 10
mg/kg) or betaxolol (Bet; 1.0 mg/kg) inhibited reconsolidation, whereas ICI 118,551 (ICIL; 10 mg/kg), carvedilol (Car;
3.0 mg/kg), alprenolol (Alp; 10 mg/kg), or vehicle (Veh; 4.0 mL/kg) did not. **P < 0.01, ***P < 0.001 vs. RA (A+B)
with the same drug treatment. (B and F) Administration of Bet (1.0 mg/kg, i.p.) before Car (10 pg i.c.v.) or Alp (10 pg,
i.c.v.) decreased preference index, whereas injection of Car or Alp alone did not. **P < 0.01, ***P < 0.001 vs. (A+B)
with same drug treatment. (C and D) Injection of Car (3.0 mg/kg, i.p. or 10.0 pg, i.c.v., within 2 min after memory
reactivation) decreased cAMP level and PKA activity in the Enc as determined 5 min after RA. Data are expressed as
percentage of basal level determined before reactivation. *P < 0.05, **P < 0.01 vs. Veh, t test. (G) ORM retention was
tested 2 d after training. B-Blockers were given 1 d after training without memory reactivation. *P < 0.05, **P < 0.01 vs.
Training (A+B) with same drug treatment. (H) ORM retention was tested 1 h after memory reactivation. *P < 0.05, **P
<0.01, ***P < 0.001 vs. RA (A+B) within same treatment.
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Unexpectedly, in contrast to the strong
inhibitory effect of propranolol and betaxolol,
postreactivation i.p. administration of the biased
B-AR ligand carvedilol, an antagonist of the G
protein pathway and a weak agonist of
B-arrestin—dependent ERK signaling (8, 9),
failed to block ORM reconsolidation (Fig. 1A
and Fig. S1K). Intracerebroventricular (i.c.v.)
injection of carvedilol immediately after memory
failed to inhibit ORM
reconsolidation, whereas the combined pretreatment

reactivation also

of betaxolol and carvedilol impaired ORM
reconsolidation [Fig. 1B, Fyeatment (1, 29) = 3.691,
P=0.065, Fgssion (1, 29) = 32.048, P <0.001,
Fireatment x session (1, 29) = 13.220, P=0.001,
two-way RM ANOVA]. The analysis of total
time spent exploring each object confirmed the
above results (Fig. S1 B and C). These data
argue that the B-AR/p-arrestin signaling, but not
the B-AR/Gs-protein signaling, is required for
ORM reconsolidation.

To confirm that the Gs/cAMP/PKA
pathway in the brain was selectively blocked by
carvedilol administered via ip. and i.c.v.
injection during ORM reconsolidation, the level
of cAMP and the activation of PKA and ERKs in
the entorhinal cortex (Enc), a brain region
critically involved in ORM, were determined.
Upon memory reactivation, cAMP level in the
Enc of C57BL/6 mice was increased and reached
peak value at ~5 min after memory reactivation
(Fig. S2A). Administration of carvedilol via i.p.
or i.c.v. abolished memory reactivation-induced
cAMP accumulation and PKA activation (Fig. 1
C and D and Fig. S2 A and B), but stimulated
B1-AR—mediated ERK activation (Fig. S2 C and
D). Moreover, postmemory reactivation (i.p. or
i.c.v.) administration of another biased B-AR
ligand alprenolol, which also selectively
antagonizes Gs signaling and stimulates the
B-arrestin signaling, did not inhibit memory
reconsolidation either [Fig. 1E, Fyeatment x session (1,
19) = 0.225, P = 0.650; Fig. S1D; Fig.1F,
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Fircatment (1, 21) = 0.416, P = 0.526, Fyegsion (1, 21)
= 14.413, P=0.001, Fieatment x session (1, 21) =
4.767,P= 0.041; Fig. S1 E and L, two-way RM
ANOVA]. The preference index for the novel
object was
carvedilol, or alprenolol was administered at the

not altered when propranolol,

corresponding time point but without memory
reactivation [Fig. 1G, Fieament x session (35 24) =
0.537, P=0.663, two-way RM ANOVA; Fig.
SIF] or h after
reactivation [Fig. 1H, Fgeatment x session (35
28)=0.424, P=0.738; two-way RM ANOVA,; Fig.
S1G]. These data suggest that
Gs/cAMP/PKA-independent f3;-AR
mediates ORM reconsolidation.

determined 1 memory

signaling

p-Arrestin2 Is Required for Postreactivation
Memory Restabilization. We next explored the
possible involvement of B-arrestin/ERK-dependent
signaling. In the long-term memory test after
memory reactivation, the performance of
wild-type C57BL/6 (Arrb2”") and P-arrestin2
knockout (Arrb2”") mice was compared.
Arrb2"" showed significant preference for the
novel object in ORM test, whereas Arrb2 ™ mice
exhibited no preference. ANOVA showed a
genotype-by-memory session interaction [Fig.2A,
Faenotype (1, 28) =9.209, P = 0.005; Fyegsion (1, 28)
= 12.076, P=0.002; Fyenotype « session (1, 28) =
18.328, P<0.001 two-way RM ANOVA]. The
attenuation of memory retention by [-arrestin2
ablation was memory reactivation-dependent
[Fig. 2B, Fgenotype (1, 27) = 0.244, P = 0.625;
Faession (1, 27) = 29.791, P<0.001; Fegenotype x session
(1, 27) = 0.398, P=0.534, two-way RM ANOVA]
and long-lasting (Fig. S3 A and B), but it was not
detected within 3 h of reactivation [Fig. 2C,
Feenotype (1, 16) = 0.509, P = 0.486; Fcsgion (1, 16)
= 125.929, P<0.001; Fgenotype x session (1, 16) =
0.800, P = 0.384, two-way RM ANOVA; Fig.
S3C]. Both Arrb2"" and Arrb2”" mice could
form consolidated memory 24 h after training
(Fig. S3D). These data suggest that p-arrestin2,



like B;-AR, functions in ORM reconsolidation
via restabilization of the postreactivation

long-term memory. Moreover, the
postreactivation treatment of carvedilol did not
restore the impaired ORM reconsolidation in
Arrb2™" mice [Fig. 2D, Fgenotype « session (1, 12)
=0.153, P=0.702, two-way RM ANOVA]. The
analysis of total time spent exploring each object
confirmed the above results (Fig. S3 H-0).
Arrb2”" mice showed no change in locomotor
activity in the open field task, whereas the
treatment of propranolol did not inhibit
locomotion of Arrb2”" or Arrb2”" mice (Table
S1). No impairment of ORM reconsolidation
was found in [-arrestinl knockout (Arrb17")
mice, suggesting [-arrestinl is not critically
involved in ORM reconsolidation (Fig. S3 E-G).

The role of B-arrestin2 in reconsolidation of
spatial memory was tested in the Morris water
maze task. Arrb2” mice performed comparably
to Arrb2”" mice in cued or spatial training (Fig.
S4 A and B). Two probe trials were sequentially
carried out after mice learned to find the hidden
platform (Fig. 2 E and F). To avoid possible
memory extinction, a short probe trial of 60 s
was used as memory reactivation session, which
has been shown by other groups to cause no
extinction (17-19). The first probe test was
carried out 1 d after spatial training, and both
Arrb2 ™"
demonstrated a similar preference for the target

mice and wild-type littermates
quadrant. The results of the second probe test
(memory retention test) revealed that Arrb2™",
but not Arrb2”" mice, forgot the location of the
platform 1 d after the first probe test [Fig. 2E and
Fig. S4C, Fiarget x genoype (3, 104) = 5.038, P
=0.003], although both genotypes retained this
information 1 h after the first probe trial [Fig. 2F,
Frarget x genotype (3, 88) = 2.189, P = 0.095]. No
extinction in Probe Test 2 was detected in the
however,

wild-type littermates;

decrease of preference for the target quadrant in

significant

Arrb2”" mice was found in the second probe test,

indicating that B-arrestin2 is required for the
reconsolidation  of  hippocampus-dependent

spatial memory.
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Fig. 2. PB-Arrestin2 is required for postreactivation

++ and

restabilization of ORM and spatial memory. Arrb2
Arrb2™" mice were tested for ORM retention 48 h after
training with (A) or without memory reactivation (B), or
tested 1 h after memory reactivation (C). **P< 0.01,
*¥#*P < 0.001 vs. (A+B) within the same genotype. (D)
of ORM after

carvedilol treatment in Arrb2” mice (3.0 mg/kg, i.p.). (E

Reconsolidation postreactivation
and F) Reconsolidation of spatial memory. Mice were
trained to find the hidden platform in the Morris water
maze; two probe trials were performed sequentially with
the platform removed, and the percentage of time spent
in each quadrant was calculated. Probe Test 1 (memory
reactivation) was carried out 24 h after the last training
trial. Probe Test 2 was performed 24 h (E) or 1 h (F) after
Probe Test 1. Quadrants: L, left; O, opposite; R, right; T,
target. n = 6-10 per group; *P < 0.05 vs. O, L, and R in
each probe test, three-way ANOVA.

Memory Reactivation Triggers P-Arrestin2—
Mediated B-AR-ERK Translational Signaling.
The activation of ERK cascade, a major target of
tested.
Reactivation of ORM induced a time-dependent

B-arrestin—dependent  signaling, was

increase of ERK phosphorylation in the Enc of
Arrb2"" mice (Fig. S5A), which could be further
enhanced by carvedilol treatment [Fig. 3A and
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Fig. S5B, Fircatment « session (3, 86) = 7.935, P <
0.001, two-way ANOVA]. The peak of ERK
activation was detected 15 min after memory
reactivation in the Enc, but not the ventral

hippocampus or cerebellum in Arrb2”" mice (Fig.

S5 A and C). Postreactivation inhibition of ERK
activation in the brain by U0126 blocked ORM
reconsolidation (Fig. S5D). The increase in
phosphorylation of ERK in Enc neurons induced
by memory reactivation could be abolished by
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postreactivation administration of propranolol or
betaxolol, or ablation of B-arrestin2 [Fig. 3B and
Fig. SSE, Feenotype = treatment x session (1, 55) = 5.726,
P =0.020; Fig. 3 C and D, Fgenotype x treatment x session
(1, 36) = 5.230, P = 0.028, three-way ANOVA;
Fig. S5F]. The i.c.v. injection of isoproterenol
increased pERK level in the Enc of Arrb2+/+,
but not Arrb2”” mice, and this increase could
be suppressed by pretreatment of betaxolol
(Fig. S5G).
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Fig. 3. Memory reactivation induces p-arrestin2—mediated B-AR-ERK translational signaling in the Enc. (A)

Postreactivation immediate injection of Car (3.0 mg/kg, i.p.) enhanced reactivation-stimulated ERK activation in the Enc.
n =4-11. ***P < 0.001. (B-F) Arrb2"" and Arrb2” mice were treated with B-blocker or vehicle immediately after

ORM reactivation, and brain samples were collected 15 min later for analysis of phosphorylation status. (B)

Postreactivation injection of Prop (10 mg/kg, i.p.) and ablation of B-arrestin2 inhibited reactivation-induced increase in

phosphorylated ERK (pERK)/NeuN doublepositive cell counts in the Enc (n = 5-7 mice per group). ***P < 0.001 vs. no
RA control (Ctrl). (C-F) Postreactivation injection of Bet (1.0 mg/kg, i.p) and ablation of B-arrestin2 inhibited

reactivation-induced increase of phosphorylation of ERK (pERK, n = 5-6 per group), phosphorylation of ribosomal S6

kinase (pRSK, n = 5-6 per group), and phosphorylation of eukaryotic translation initiation factor 4B (pelF4B, n = 5-6

per group) in the Enc. ***P < (0.001 vs. Ctrl.

Previous studies have shown that reconso
lidation of spatial and fear memories requires
postreactivation neurotransmission and de novo
protein synthesis (20, 21), and that the binding of
B-arrestin—biased ligand with ATIR stimulates
ERK-dependent protein translation in HEK293
cells (22, 23). As shown in Fig. 3 C, E, and F,
increased phosphorylation of 90-kDa ribosomal
S6 kinase (p90-RSK) and eukaryotic translation

180

initiation factor 4B (elF4B), downstream targets
of ERKs and key regulators of protein synthesis,
was observed in the Enc of Arrb2+/+ mice after
ORM reactivation [Fig. 3E, Fgenotype x treatment
session (1, 36) = 11.109, P=0.003; Fig. 3F, Faenotype
x treatment x session (1, 360) =12.55, P =0.001,
three-way ANOVA]. In contrast, no increase in
phosphorylation of ERK1/2, p90-RSK, or elF4B
was observed in Arrb2” mice, or mice treated



with betaxolol after reactivation (Fig. 3 C-F). synthesis, which could positively regulate memory
These data suggest that memory recall stimulates reconsolidation.
B1-AR/B-arrestin/ERK—mediated de novo protein
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Fig. 4. B;-AR/B-arrestin2/ERK signaling mediates memory reconsolidation. (A) Reconsolidation of ORM in Arrb2™*
and Arrb2” mice infected with AAVencoding B-galactosidase (Gal) or p-arrestin2 (Arr2) in the Enc. P < 0.001 vs.
indicated groups. (B) Plot of preference index for object C against percentage of GFP-positive neurons in the Enc of
Arrb2” mice infected with Gal or Arr2. Each symbol represents data obtained from a single animal. (C) Levels of
PERK- and pERK/GFP-positive cells in the Enc of Arrb2™ mice locally infected with virus 15 min after i.c.v. injection
of vehicle or isoproterenol (Iso, 10 pg). n = 4-9. *P <0.05, ***P < 0.001 vs. Veh. (D) Reconsolidation of ORM.
Arrb2—/— mice expressing Gal or Arr2 in the Enc were given Bet (1.0 mg/kg, i.p.) or Veh injection after memory
reactivation. “*P < 0.001 vs. indicated groups. (E) Reconsolidation of cocaine CPP memory. Time (s/min) spent in
drug-paired side before and after 3 d of place preference conditioning of cocaine (10 mg/kg) was presented. (Left)
Arrb2"" and Arrb2 7 mice were tested. (Right)Wild-type mice were injected with Prop (10 mg/kg, i.p.) or Car (10 pg,
i.c.v.) after memory reactivation. **P < 0.01, ***P < 0.001 vs. RA. (F) Reconsolidation of contextual fear memory.
Postreactivation treatment with Prop (10 mg/kg, i.p.) or Bet (1.0 mg/kg, i.p.) inhibited freezing, whereas Car (10 pg,
i.c.v.) or Alp (10 pg, i.c.v.) increased cueinduced freezing as determined 24 h after. **P <0.01, ***P < 0.001 vs. RA.

P1-AR/B-Arrestin2/ERK Signaling Mediates (1, 64) = 12.642, P < 0.001, threeway ANOVA].
Memory Reconsolidation. The physiological The number of p-arrestin2/ GFP-expressing
consequence of P-arrestin—biased B;-AR signaling neurons in the Enc of these mice was positively
was investigated. Local viral expression of correlated with ORM reconsolidation (Fig. 4B
B-arrestin2/ GFP, but not the control protein and Fig. S6A). Expressing B-arrestin2 in the Enc
B-galactosidase/GFP, in the Enc of Arrb2™™ mice of Arrb2—/— mice restored f-AR—mediated ERK
rescued the ORM reconsolidation phenotype activation in infected neurons [Fig. 4C and Fig.
[Fig. 4A, Faenotype (1, 64) = 5.186, P = 0.026; S6B, Fuiral expression x treatment (1, 20) = 5.106, P =
Fuyiral construct (1, 64) =2.126, P = 0.150; Fyession (1, 0.035 for pERK; Fuyiral expression x treatment (1, 20) =
64) = 55.898, P < 0.001; Fyenotype x viral construct x session 12.494, P = 0.002 for pERK/ GFP, two-way
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ANOVA]. The restored ORM reconsolidation by
infection of AAV-Arr2 in the Enc of Arrb2™~
mice could be interrupted by postmemory
reactivation treatment of betaxolol [Fig. 4D, Fyia
construct (1, 66) =5.125, P = 0.027; Fyeament (1, 66)
= 6.300, P = 0.014; Fyizal construct x session x treatment (1,
66) =7.993, P = 0.006, three-way ANOVA], just
as what was observed with the AAV-Gal
injected wild-type control mice (Fig. S6C).
Similar to the results obtained with the
wild-type C57BL/6 mice (Fig. 1 B and F),
betaxolol plus carvedilol, but not carvedilol
treatment alone showed a significant inhibition
on memory reconsolidation in Arrb2”” mice
infected with AAV-Arr2 (Fig. S6D). These
results indicate that the B-arrestin/ERK-biased
Bi-AR signaling, but not the conventional
B-adrenergic Gs/cAMP/ PKA signaling in the
Enc mediates reconsolidation of ORM.
Combining memory reactivation with the
pharmacological disruption of reconsolidation was
recently proposed as a strategy to treat drug
addiction and fear-related disorders, including
disorder; however, the

posttraumatic ~ stress

dictinctreceptormediated  signaling  pathway
responsible for reconsolidation has not been
identified. We

B-arrestin—biased, and not Gs protein-mediated

hypothesized that
signaling, also underlies reconsolidation of
drug-conditioned place preference (CPP) and
conditioned fear memories, and possibly other
types of memories. Consistent with the results of
ORM, Arrb2™" mice showed reduced preference
for the chamber 1 d after
reactivation of a cocaineassociated memory [Fig.
4E, Left, Fgenotype x session (1, 33) = 6.028, P =
0.020, RM  ANOVA].  The
reconsolidation of cocaine-related memory was

drug-paired

two-way
disrupted by postreactivation injection of
propranolol, but not carvedilol [Fig. 4E, Right,
Fireatment x session (2, 70) = 6.820, P = 0.003,
two-way RM ANOVA]. The involvement of
[B-arrestin—biased signaling was also shown in
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conditioned fear memory model. During training
phase, the freezing levels before and right after
footshock were not different between Arrb2™"
and Arrb2”” mice (Fig. S6E). In the memory
retention test, propranolol and betaxolol
inhibited, whereas carvedilol and alprenolol
enhanced, freezing behavior when memory
retention was tested 1 d after reexposure to the
context, in which a one-trial fear training was
given [Fig. 4F, Ficatment x session (4, 68) = 17.249,

P <0.001, two-way RM ANOVA].

Discussion
Consolidated
destabilized upon reactivation, and subsequently

memories  are  transiently
restabilized through reconsolidation, an active,
de novo protein synthesis-dependent process (21,
24, 25). Studies have shown that blocking
B-adrenergic transmission by propranolol impairs
memory reconsolidation in auditory fear
conditioning, spatial radial maze, and
cocaine-induced CPP (12, 26-30); inhibition of
basal and stimulated activities of certain
components of G protein-coupled pathways
associated with neuroplasticity, such as PKA,
ERK, and CREB, disrupts reconsolidation of fear
and object recognition memories (31-34). In
cocaine-associated reward memory task, bilateral
intraamygdalar infusions of the PKA inhibitor
Rp-cAMPS

reactivation decreases subsequent cue-induced

following  light/tone  stimulus
reward memory reconsolidation (35). Activation
of amygdalar PKA is sufficient to enhance
memory only when it is retrieved; in contrast,
PKA inhibition impaired reconsolidation (11).
Although it has also been reported that memory
reconsolidation requires protein synthesis but not
PKA activation 24 h after training (36), the
G protein/cAMP/PKA

pathway has been proposed to mediate the

classical signaling
function of PB-ARs in memory (6), and the
signaling pathways leading to protein synthesis
and memory restabilization are not clear. In this



study, we showed that upon reactivation of a
particular memory trace, ;-AR/B-arrestin2/ERK
signaling and downstream effectors involved in
protein translation, such as p90RSK and elF4B
(9, 37), are activated in a distinct brain area. We
found that this pathway, but not the conventional
Gs protein-coupled PKA pathway, mediates
memory  reconsolidation, revealing an
unexpected role of B-arrestin—biased signaling in
brain physiology. Our data suggest that memory
B1-AR/B-arrestin2/ERK

signaling positively regulates postreactivation

reactivationtriggered

protein synthesis and memory restabilization.
Our data
B-arrestin-dependent

showed that in
ERK

reactivation of ORM induced an increase of
cAMP production and PKA activation in the Enc;
however, selective blockade of B-AR-—mediated
Gs/PKA signaling by G proteinbiased B-AR
antagonist failed to inhibit ORM reconsolidation.

parallel to
activation,

The physiological consequence of memory
reactivation-stimulated neuronal B-AR/G protein
signaling remains to be investigated.

The signaling pathways that mediate or
regulate memory reconsolidation are therefore
potential pharmacological targets for memory
enhancement or erasure. It has been reported
earlier that in HEK293 cells stably expressing
B-AR, carvedilol and alprenolol can stimulate
ERK1/2, but
Gs-dependent adenylyl cyclase activation (8, 9).

have inverse efficacy for
Consistently, our results showed that carvedilol
enhanced memory reactivationinduced ERK
activation and inhibited cAMP accumulation and
PKA activation in the brain. Our results suggest
that B-arrestin—-dependent adrenergic signaling
regulates postreactivation memory retention,
which implicates that agents up-regulating this
pathway may improve memory.

In therapeutic contexts, disrupting the
process of reconsolidation could change or erase
memories (28, 30, 38).

B-AR

pathophysiological

Blockade  of signaling  disrupts

reconsolidation of memory for learned behaviors.
In human and clinical studies, administration of
propranolol  before  memory  reactivation
suppresses the behavioral expression of the fear
memory (39), and postreactivation treatment
reduces symptoms of posttraumatic stress
disorder (40, 41). In animal studies, propranolol
has been shown to inhibit reconsolidation of
cocaine- and morphine-conditioned place
preference (27, 42). Postreactivation propranolol
administration also attenuates reconsolidation of
memories for craving and cue reactivity in
cocaine addicts and abstinent heroin addicts (31,
43). Previous studies have shown that Arrb2 "
mice respond well to cocaine in CPP (44), but
not to amphetamineinduced locomotor activity,
compared with wild-type mice (45). In this study,
we show that Artb2” mice could acquire cocaine
CPP, but exhibit impaired reconsolidation of CPP.
Moreover, propranolol, but not carvedilol
inhibits reconsolidation of CPP and conditioned
fear memory. The proposal that the function of
B-AR in

B-arrestin/ERK signaling, not the conventional

reconsolidation is regulated by

Gs protein/PKA  pathway, suggests that
B-AR/B-arrestin pathway may be an effective
of P-blockers in
intervention of memory reconsolidation. To our

target pharmacological
knowledge, P-arrestin-biased B-AR antagonist
has not been reported. Our results highlight a
need to develop novel B-blockers with specific
B-arrestin—biased antagonism, which may
produce fewer side effects than antagonists
against both the G protein- and B-arrestin—
dependent pathway for the treatment of
posttraumatic stress disorder and drug addiction.

In addition, B-blockers are routinely used to
treat hypertension and heart failure. Consistent
with the report that B-blockers can aggravate
memory loss in cognitively impaired elderly
patients and cause clinically significant side
effects (46), our data suggest that chronic use of

B-blockers that antagonize both G protein and
183



B-arrestin  signaling and are capable of
penetrating the blood-brain barrier may have

secondary effects on cognitive processes.

Materials and Methods

Object Recognition Memory Task. Mice were
submitted to a 30-min familiarization session
daily in the empty arena for 3 d. In the extensive
training session, mice were exposed to Object A
and Object B for 4 blocks of two 5-min trials,
with 60-min interval between blocks and 15-min
trials. In the
reactivation session, mice were reexposed to
Object A and Object B for 5 min 24 h after
training to reactivate the memory trace. To test

interval between memory

reconsolidation of memory for objects A and B, a
5-min memory retention test was carried out 1 h,
3 h, 24 h, or 6 d after reactivation by presenting
mice with a duplicate of Object A and a novel

JOHCOEOALALALA LA
&2 §

FEACHCIRZASKSHHF

object (Object C) in the same location of Object B.

Additional Methods. The memory tasks, cannula
implantation and drug delivery, Western blotting,
cAMP PKA
immunohistochemistry, viral

activity
constructs, and

assay, assay,
microinjection methods are described in Sl
Materials and Methods.

ACKNOWLEDGMENTS. We thank Dr. R. J.
Lefkowitz (Duke University Medical Center) for
Arrb1™” and Arrb2”" mice. This research was
supported by Ministry of Science and
Technology Grants 2014CB942801 (to Lan Ma)
and 2013CB835102 (to X.L.), and National
Natural Science Foundation of China Grants
31371136 (to X.L.) and 91232307, 31430033,
and 31421091 (to Lan Ma).

RERBARXTRTHAR “FEAFTHEEILE” WH
e TAERYIE A

A& FF (2015] 31 5

HFREEE. e, PR

I Crh BRI OGS 2 QBT AT IR 55
RESHRTTH TR L) AR, E R E
JABISE T HENAFER TR IH A D,
G145 R AR QS ERHEAA T
P B, PRORRAE, RS A AL
A FERBNA, $73 [ K w2 IR
N Ja B BT, B e BT 78 e S s e [
EAINER P NIL e/ {730

—. IHB#R

TP RAE L CONFAAT AR
JiERER ) LA Hy, SRR B AA B T Ik
2SR, RO R T RGERRR. PRI

184

TEWTE 30 ¥ BF, fARCKKRIEE I “/DA
W7, AT ORI TR BUR. TAE
ST R 230, EEE AT, fe T
HHENA L “RBHIFE SN, FTaFERL LA,
WOR RN R FN Y B J, e Ay A e 4%
TR E KRN A G % .
1% HEG P E A B ESPA TR “HEN
AFEAE TR, SEII ) K27 BN 58 3 41
RN EETUR, BRAAE 28 5
— AT A AR AA PR B

T H B SR 200 44654 30 8 LR 4R
BHEEAA T OWETT, KA DLAARKN ., Foe SR
5, A PR R RN EREAA A



ESCRE =4 S TAE B A s ik, oF
WL S KA IR SR B

=. LIEHHk

1. R4 2012-2014 4R R A H LAY
AN b B BE AT BE AR5 A% 1) v [ RO
e har Wtes, BT Bk, &
ROCRP P o 2 S G AR AT H R

2. HREOK. PR “ —=EH K7
TAERE Y, SMFS CHAHHS) HRE
i, BATIH R

3. PEATHIRAD: A A A HHR A 0] A
FF# (MHE: http://www.cast.org.cn i &1l
HAD . (TUH BT CBHE 2) 4UiseA—K
20 1, AHZEORZEFIF MG A% E, ik
FERHD S MRS oy, WEEMH “HEANAFEES
THREIH R . OB H N 2015
10 F 15 H 12:00 CHIS a7 LA RGN F) A 75D ,
BHAFZ B . DL s A AR 20 I H
[, RIS e B a A gt i ) (B
13>, RhlE (BH BRRAS) —IfRIE. LA B
B [F] IS4 A2 HL TRl

=, SR

1. 2o N WSS AR 15554 G
Bl AR RS ik

2. A AR E B RS T HE A
s A S AN TAEH,

3. WIFE AR 52 B 28R A S, HOH
HHR BEA%
M. #HERHE
1. 9 HJE, FARMANAE 3 H R TR,
2. 10 HRA), ML H L RiFE,
3. 10 HFA], 58RO, $RATE S
4. 11 A LA), HEAshmHBAT;
5. 12 A LAy, JERSLIGR S 2E B A
1 EFRRFFNE TR A 25
. BEAR
1. M5
¥ B A F 2 F AR FE L
B R OA B R ORAEE
BEZA W5 010-68515737 010-68788560
QQ #: 272537707
2. MrEMEIR
¥ BAF RS T S F LIRS DAL
KA A K W OHEA
BEA WL 010-62197652 010-62194554
FiEdit: LR FHEEZRFREH% 86 F
%A 518
100081
xhfw(@cast.org.cn

HR Y
w1248

b B A AT
20159 A 29 A

2015 RERHD “FEATIEEILE"
HESEFSRMIKITATBE

F5 | w2 | MR | HAEBRE | EkerE R &R AR LN VA
1 | EHER | %« 1984.03 | 2013.07 I JHERERENEACH | REEERIR

. Y1 A ) B i IO

) 4 A

2 | B L 1984.04 | 2012.07 [ (g T B FNE

30| FF| & 1984.05 | 2010.02 B €S P 2L WK
4 | B & 1982.12 | 2011.07 | BhERAAST 0L | PiRARI S5 0005 | iR =R
5 | ZHT | B 1983.04 | 2011.08 | BhFRmFST M %%ﬁﬁaﬁﬁ Lﬁ%ﬁfé

55 R e 2 Bt

185




hELBFLETFRERD “BEASERETE
Hers A TR

AFERK BRI A S (S5
“HAENA LR TR WUH A TAE, P
AR N S PR, R B K
BRI I HERE T 6 M EHFEA R,
S REAIR S AR ROV 5 Al R B R
BR(EENl7 T

SEIUH 55 BAERER . IR TR AR AE
30 % B, AABOKKERIIN DN, N

AT OB TR I B B . TARSE T T
W2 SCH, EIEE A NITE, fRRETEAL
ar “RUFSE A7, B E &R TS A
BHEAA, & E K m R B ANA G %
BT, A2 K A g . 55 TR I E X
RHESENA B G5 )18

o A I A

2015 4 12 A

(EEZFHR) RIK “2015 PEEREEAMBEZARGAT” 7S

CAEZFIRD Y43

2015 4 12 H 18 H-19 H, i+ EWF )
2. PEBREEE AT R Yo EERR
BT S A i 4 24 1 SR E R AT 5T
oy PEEART Oeftho B 2ebrms
T [T IR E2EAR T AR R
57 AR 23T . wisUCEe . B ERfb. 4
PURSSAL N T/, KA T (2015 H [ 22 A1
FE] B |5 N S0 g BF oS ), A T 2015 AF 2
“ R B E PR ) AT R o [
B L5 AR 245, iR E
W LR RIS B AN ] AR A s M (R
PR ) 53K 2015 H [ [E PR 55 A
W s, AR ETA IR XA
VE g3 A SC 2 AR 3 22 28 DU VR SR 5

S RNES RS 12 R ST 0 S R/ SOR o 4 I i
AR 2 B A TR ) 1 B s e g SRR VRIE,
2012 SETFURLICK, BAFECA LS 4 1. 2015
SRR MK IH AT T P2 R - a5 14
W BT B, IS FR3EE—
RN Fabs, JEE IR R E VN TR bR

FARWITIFEW ) Fa80 (CD, R S5 AR
SN 1 A A ORGSR AR S Ik
TIFIEEARSE W SR DL o 5200 D5 73 Hr 4 (2
7~y REZAARLEREAVEFN LB Rt T, AR
BORA T KRS . (HERI, JRIE 2R
W) 55 [ B2 R TIAR L, A58 ) 5 T e A
FEZER, WA Tt D, Dk,
AR 0 AR i VA% 78 23 TR VT
T Bok Bk AR, R LR T 5
(IR )M S A

3L i

20155128

186



hESEF S 90 F 4K 8
B 2016 FEIREEFFAXS
—H i HZEE
mE JbE 2016 £ 09 B 25-28 H

JHCACOACACALAGR,
EEBEH
TSRS RIHR

F—RIWEH

h R AR B AR S AR R
Ebrsgm, Pk, BaHAR 9 MR
S 13 A B K e X T e N 3 R 28 08 T
“2012 FFHEBR B EARKRE T SR P T
BRI, AT 2013 76 92 [E A B
IR 2023 4F [H Br A B 22 BE 45 25 (International
Union of Physiological Sciences, IUPS) 7E
HAITHH ML E T HSE I BEAL . 2016 23K
23 90 JITEHEfR, frasthoE AT b [E AR B A
4590 JAAEIRHLEE 2016 4R ik Rk
27, — il R Mg B 5L 5 e AR R L
A, Lk [ AR 2 2 IR R B 2 LA
DUESERA R 706K 24 2023 TUPS 7EH [
HIFHAT I A 25 S . XA KRS E T 2016
09 J3 25 H & 28 HAEJE st E R il b
T, TENOE B xS W MW o
http://www.pco-online.com/icps2016/£x 5 .

AR WAL AN 2012 HEE R
WIEL, RIS el & s L o 44
TEXHLR -3 L, AL 4-5 MG A,
TR P TR) A 2-2.5 /NI RIS, sk Hidp
3RE NAHLZIRE E ST, 1218
HphAEosos b, MRS L R 2 D B AS
OO W S S i e ST R
PR R FURE RO, AU AR 7
S RH HIF T AR R B U 2 2 BT R ) 75 4
o G ES TR, SR HE, 2f 10
AE R X AP 2y (R, AR,
mit, EPE, hEGIE, s, BHA, R,

PSR N (FFEE, 2R25L UK.
PRI RIS IS, JHRACsUELEHE
FARAS AT 2 237 4 T B AR A

HArep Ao il (AR Zhss
IEEHR LR, TR TA LA 4-5 41
Wt N, LR A I R 2-2.5 /s[RI
TR 3 AMRE AN RS SR, 12 N HAR
B F v o i, BRI REAS L R 4 22 D B A
E RS BB, et
A, AR NI, B AR
N, RS ARG B RHE AT 4 1645 2 4%
Iros XN, WA HuhE 2 : zgslxh@126.com.
SR AS 1) R EAT W R LA A A2 15 ok
Mo Tl e R H I 2015 4
12 J131 H. #uE & iBitkzs.

KRR RA T HIR &S, B R Rk
F, FHELEE LGS KRR, AA
SRV WAE S o 8507 55 frox BRI R 243

BRGNS 245 TARM R )38, T84
Wt 9 H & AAEdb st S !

IEEk

AL !

R AR LR TN EBRR
1193

A B e B MO R R TS PR
e A

187



—. X&ITEES

Hoil

—. {EERE

A2 B A7 AN S O 2 R i A 1 2
RAFIWEI LA AR T o

1. KR&#E (Plenary lecture): #F/f
FPISTE] R 40 4380, e 5 rEh. DAAR ABE
FIAEAN L, G EEE . 5 A H

SR L .

2. BEEHES MY (Symposium): &4
AT A 20 2380, 5018 5 0. BAAA
W TAE N, JFaia EPrpdiE. Rt A
H RS FARZE RS HiE

3. BEITHEELTHMRE ( Young
physiologist presentation): &N 5 S [R]
8 J3Af, B 2 2. R AR N S 5E R H Y
ARIEARRIWIIT TAE . I C TR A -

TR TAER &3R8 1975 45 1 A 1 HZ G e
HERIN, BHIFA RS

4. BEIRFE/R (Poster presentation): ki
I N B R FE AR A A N B
IESCRIEANBTCE W ik 855 (KK
. SO Mg, ORI R

= EXHEAEREREZAH

KNt Ll ie it B th K2
AR RE, Bl FE 2R TAEE £l
s RS s (P Re 1 o 38R A B T AR
HEABFSESWUM TP ERBRFE . 0
HEHM: 20065 H31H.

M. SVCEM, RBEFEBRIT

1. iR PR A5 o B P

2 VRN 9 CRdm 2 e SC Ak
AR B AT 245 .

3 WI5FE12HNEE 2016406 H 01 HZE | 20164E 09 H 01 HZE
2016 405 A 31 H 2016 4 08 A 31 H 2016 4£ 09 F 28 H
[ IE R ANELTT 1800 7T/ A ANELTT 2200 70/ A ANET 2500 76/ A
[ Py 22 ARk AT 900 76/ A ANET 1100 76/ A ANET 1300 7T/A

v AR T R, A A AR

3. UCRHIM_EVEN . A S MR 0T
HAEH IS H WM I
B, SR

http://www.pco-online.com/icps2016/. KT
RKaUERS TAEMRERE, 17 B I 25 ol 25 Y UL
BT

FOHCHLALALACAL A
 ErRH
FEAGCHCIRZAKSKHF

TRHXEBEFLSEESS (FAOPS) E3EFEAKSEESEBH

o #
CPEAEES LK 100710 AT RAFEFE LT 100191)

22-25 HAERESMHMATT. S MLkl
NHGE 800 2 N, Sk HANESAIHLX . Forprp

8 KX A B E IR G RN
(8th FAOPS, Bangkok 2015) - 2015 4F 11 JJ

188



KRG B 40 RGP TAEE S (5
DU IIEDR

LU T 2015 485 11 [ 22 H AR
HEAIF, BREBEKTLHE T IFHSIERHE,
PRI T 7 5 B BURE O 22 AR 25 1L s L E A o Ut
RS A “HRe A AT Z)A8. WU
B3 ” (Translational Physiology: Imagination,
Inspiration, Innovation). 1N Z¥ K [ bR
AR AUAE oy S AN R AR B AE O A e
Bl B NS Raas . AR, AEBE .
LRI PR 55 A 1) i R BIR FI i v R G

SWIBIE T =7 VK218 3 Bert
Sakmann 1 Erwin Neher (3K 1991 4Fi#% VI /R2E
g2z # . Aaron Ciechanover (3 2004 4
W UURAEEEID 3 5IE 2015 4 11 H 22 H
23 FAT 24 Al T Rl H, 22 H Bert
Sakmann % ]/ H 4 Some observations on
decision making in rodents (5<T-W 4 2S5 Pk
PEN—2 ) 23 H Erwin Neher %5 (18
H & Short-term synaptic plasticity: inspired by
biophysics (KL FES AT BEYE: K A EDY)
P2 RO ; 24 H Aaron Ciechanover i 25 (1]
@ H 4 Intracellular Protein Degradation: From
Basic Mechanisms thru Human Diseases and on
to Drug Targeting (Jfl P & [ 5T g : A IEATHL
2N 59 15 2 258 R D o

AL ZHE 1A FBHRE, 2 MR
i, 4 MU, 6 MR E, 4 AN
21 AR A RS CBFE 2 SRS
T2 MR, 24 MNERL B, S
AR E L LY, BT R R
ST HFEREER IR T 15 DR
=Y, 1 Poster &R 240 Ao Horp 3k [E K
AR 2B AEH 8 Jii FAOPS K4x FILAIZN
MERFT 5 ALY

Symposium 11: Fluid shear stress and
vascular homeostasis (Chair: Yi Zhu %)

Symposium 13: Neurogastroenterology and

motility ( Chair: GuangyinXu 4% )7 4R ) .
Symposium 18: Synapses and circuits: From
formation to disorder (Chair: Ying-Shing Chan
M . 3k ) . Symposium 17: Emotional and
cognitive modulation of pain: From basic to
clinical(Chair: Jun Chen [%:%%) L} Symposium
14: Nuclear receptors in salt and water transport:
From physiology to disease (Chair: Youfei Guan
HXR), A MEE) ) LR
LN ES B ). Rl Rl PR Y
I . FUKER e 2 5%, 38 15 £
KA 2 B SR . Be4h, 18
AWK B b E KRR 2 2 20 K
TR B 2, A 17 LA E R 8
Jii FAOPS FH4ERFASEM T Mk, BAE
LRSS o T R E LB AR T
VR AE— L4000 R A AR i 10 2 AR A Ml
BEUU H i 1 ik i [ o AR SR g o A o [
FH W TARAE = Iy A S T F20
W, PG T 2R

88w KAEBESRESRRSWUT
11 A 23 H F4#EZ2[E 2 4% Centara Grand 21
HHuly Lotus 11 JT AT, 26 8 MV KHh X A= # 2
kA4 (FAOPS) L Julie Chan (*EXi)
FRE, PEAERESHEK FRR, AR
HMPA TR, PR R,
A KBEE 5 NMUERESSIN TR I
), Wil fld k2 _eEnsRT
2015-2019 4155 9 Jmi FAOPS = Ji | # %5 HL
fIdeds, 23R4 2 a2 Gt HL e 12 1)
SRR AR, SW— Ul o B AR
SEHKERRIAES 9 J& FAOPS LJF, [
IFIE2E T HT )8 55 BLp S MIPAT & A o o Bl
)il FAOPS ;55 BLSE A & o 44 L T

Executive Committee:

Xiao-Min Wang, China, president, 2015-2019

Julie YH Chan, Chinese Taipei, Past-
president, 2011-2015

189



Javad Mirnajafi-Zedeh, Iran, 1st Vice-
president, 2015-2019

Yoshihiro Kubo, Japan, 2nd Vice-president,
2015-2019

Haribindar Jett-Singh, Malaysia, Secretary
General, 2015-2019

Anuwat
2015-2019

Council Members:

Suchinda Malaivijitnond, Thailand, 2015-2019

Byung-Rim Park, Korea, 2015-2019

Israel Sekler, Israel, 2015-2019

Shashi Bala Singh, India, 2015-2019

Colin H Brown, New Zealand, 2015-2019

Mei-Ling Tsai, Chinese Taipei, 2015-2019

23X U I v R A B 2 XA 2 X

Dinudom, Australia, Treasure,

Navermber 22-25, 2015 Bongkok Thaand 2
e SRS

B

FAOPS Congress =,

IR GG ER, R v [ 2R B R 2 T A
f A BERL A ) R P A 1) Dk DA B oA —
AL A AE 1 ) 2 AR AT R o [ A 2 2
DT PR IR R HHZ IS 9 Jm FAOPS F
Ji BT MK XA BERL 2 Bk e ] A 2
SN, bR B E A B 2R TR AR
R Hb DX U V5 BCRH 7 B it A R 1 28 B A 25 1)
s A i R T 5 H AR

2 IO AR B K b X5 —
SO THE, TEERBUA. 208, X, A&
AR EOR EAHAS T 98 Ak K,
[ A= B 24 206 R /E. FAOPS i 8 3 /% A ML
23, BRI SN E PR RIS S FIAS
R RIRE AL E Br 22 A BR P 2 m, &
JERBE ST 25 ARG (MY, G2 RIEGA Y
TE RIS TR,

190



e
=

EfREIRF S 2015 FERASERIZERIIEF

=] B ' 2
Nephrology, ISN ) FEREHiHTIBtA & — ISN &
EMm STV ISR, 2Pk A th 5 Hh
' 40 355 30 31 A8t 5 H Bk ) B 2 K RN 4E
IW%%EHWO¢I$E¢%%W%&§m
SIS ), 3R 2015 4EFE ISN i
W R R IR AE R [E 28 6, 302 ISN AUV i
R RAE T B 2895 o ARSI Bl AR B2 2y
B V2% A 2 7 T o

2F 20154510 H 22 H-25 HAEFRYIA
TFo o AR B 27 25 B T b 28 01 2 il AT 2% I
Bl Bz BRI R, AR A ORI

(International Society of

A | S ARA DB | i e o RS A= £ ]
B sk SRk W 3, ISN [T W W g B

Kai-Uwe.Eckardt #(#%f1 Robert Unwin #(%
AR ISN X 2 UL e A TFRn B, Fxf
] A1 3 2 2 W I 23 L 25 LD 28 90 2015 4F
JEE ISN Hi#Y U iR IR R 7, &R 20 B Al
TETF 45 0 2 B0 AR 28 IR SRR
Fo O ISN 9 Ry 0 18 B5 1 AL 2B K,

2015 AF B ER IR 3 U 5 R 0B D REIN S0
YT e OB BN R B A BER G 5 AL
7, SR FEH 200 4307 B E A 3L

PUHRIBFF B RN K S W o i 52 505 e 9%
K ¥ #% Bernard Rossier N & 1/ T @ 4
“ Evolutionary medicine: The hypertension
pandemic” @RS, [ N 44 R
FREL et e LB A NS 2 FAE
LHEMRE. SWAHNEFE, KL
“Transcriptomics, Genomics and Epigenetics”,
“Innate and Adaptive Immunity, and Renal

”» 113

Pathophysiology ) Immunology and

Metabolism - Immuno-Metabolism, an Emerging
Frontier” f—r 8 AL, PHEIAY, frf B

Rty e, Gl B JUEFE T S A BRI s
TE R BN AN R AT

Elﬂ%fﬁ’];u/n‘? ISN A ATtz E %
ARG VLI SR 28 IR TR BB I 45 T 1 PETE
1"\ 23J5 ISN 3 Adeera Levin %{?’%1‘@?}3%

SEDMR, WV T RSB, Wk
[i2015 SR RE T AT R R R 2 ISN FEL~
I, B s, m R et b
U [ A B2 s BV 2 R o A R

— R EKCFRIE M I E RS ). XIS
b, P2 HSL RN E R R R IEE ,
U AR 5 i L () AL AR A B KO

191



F s B AR A LR B S ME
By, ECETE T, SRRk B P4
AT BRI i IR WIS Ip, B
RIHER)) T v B e 2B PE 1) [ A o
GNP HRTE . SRYIMER . I

RS AREAY

AR 55 2 KGR L Gy XL R IR AT T & 1)
B PFIE 2015 4EJE ISN BV w0 IR (1 Bk
T2 9552 THF 50k e [ A 24 B B 50 A i
FURTEALANE R, XAy A3 4> v [
JERk 27 e i FAT LR 2R 35 S

—

e %
X Nl "
LI

F—REEKENBRFFFRARXAEFTEIRPLEF

B AR NE IR R RS T
20154F 12 H 11 H-13 HAEF B R LHIT.
KRB RN — IR FAR S, KA
KL 1500 4244 B AT SEAE AT AR BT 5T
I TAE#E AR EEAR RS

A ERAE N B 2 5 AR K 25 2 70 P+ Y
B S 22 AR 2 TR A, S 24 i S
e NFEA 55 A T R 5 SR AR T oK o LRI
SWHEBER S22k, FHRY . &
W SOREE AR IR Ao P E ARy
BN ZE b2 EINENE IR, 67
B 252 IR T R 2 55 R RS A
AL 5 Tp o ARSI N 1) B0 K
FEBOL T BRI ER T, “IgA BIR7, ‘i
MR 7, “RIAEE NG PUAS T8 IXRHE4S
BRYGH Y, HESIE N B B
WA KR .

rp I A B A 2 R B L 2 SR N AR IR
LW IpE 2 —, BNS 5 NORRIZIRN S

192

PN at=it 2 k22O VW E N (B e M I RT R TS
e RBIE, fEARR W E, AR
HIE b 2 B2 XTI I 1 2A 2 52 215 2 B
WE A A UENIATT o T P A7 v (R 2R P A
S Mb R DA A SUNIHE AT BRI AT 2
S5 TARRSWNBHY, tRERSS, &
K ButfErb . BERERE . MORORT . AR Z
Pr e T LR, R AR B A
W2z B HERE I 36 AL FT4F TARH a3k K
KNS NRAT B, B E RS R . R
DR HERT HOTRIGEHE . [H) G R HERE X R A5
AR TARE R SOR SR A R K AR AP
e tE TS0 B ERHER O R
REAHERE I B MRAERAS IR 2 5 AP 2
AU 2 U AS 59 30 J5 2) F 49 2) & P 1 5%
PRI TIIRTEAN SR, At g dh S AR SRy SR Bk
AR AR < AU T S DA R AR AL PO
WG BBEBE R B R HIR . &
AR e B AT BUS R B R R, R



BB AR, Al h SOR A PR 5 B B K R
PGPSR B ) ID NS AR SV G N

T E R B B R A AR R X
RBEFAER LW ZE T InR e wH .

JOHCOCACALACLAL A
HosER §
AACHGHCHHCHGI X

FEEEFSADDRFEWRRS 2015 FERAS WL E

x| I #]
(P EAEZLAN SRS ELEREHAE

p AR B A N AR B TR
2015 AEH ARSI T 2015 4F 11 H 1—4 HAEHE
A M PG 2 3 LT R 2847 0k A 42 10
MBI HIGEE R R 2E B LA
ST 20 ANPRALIY S0 AR HE T 21

KRR WEHET 4 AL 812 Mg
SCE B, A BRI E LR B A
PR T R < 250 BN Y o W TR 5 | Bk
RS PR A 9 R DR 2 S (1) R P LRI 57 () 5 R
Wit AT RIS Kb 2 n] O R AL AL
W, AE TS FACEERE N cypl9al FEh X 41EH
H3K9 ] WAL K 23 BRAK, AT o5 75
PRI IR B RN IE IR R IE , R AT X FRBE Py 43 b
TR RS U ER . 28 = F K
S0 B RE I TR 2 R AR TR PR RS
B s = ARSI AL AR BB IR 10
P 7O B SO S A R s, Rt
S DR ML) A 42 A P L I 7 20 3
VERT, Tl i AR R LR G R T % I
TH B ek /N A 8 L R 2 ML 5 1) 5

BT
& He 710032)

e o BRDURZE TR B« B9 -2 44
SRR RT3 i hGH (R AEIREE " WL K
URESH T4 CrdiiE 2= S SR AL R REECEE N PN
SRUTIEAR CRHR1 26 PR 3% 7 I AR A LGRS 2
B2 VD X B SRR AR B R 2 HAE B R
SRR UK SR R e e e
BRI R SIS AR T R R
VERI B oy AL DL B Ko i 2
o ZINRETT SRR B R B A R 2
B AT AR ER B IR B A
B, Ri&KEE, T HSRIIE 5 S
B, RZRFEMNADFIUF VT BR2EARIRE S,
DU = AR 25 A L S (1 7% s 8 952
T A B O AR AR [ e
MBS 8 T ABWEE R T AR
AR TAE R R, W A
A 25 A5 5 T T HEAT (¥ 5 AR 8RR 7
s FEAARBETURIFIN [ B AT TR 4
MR 207 AR 1 P2 RAE B0 TAE D5 P
MR KUk 0 AhEAT 2 AT E A & BIC

193



)T 25 A BT FORGE, e T [ 25 S 22z (]
A S, AT EEAAMRK. 5
NGB REL, RE IR, FL2 R B 2k
o 1022 AR FE K VR AT e AR
WHRZH RS, FARGERIE, A TR
FRPET — A RIS RZ T 5
U], TATZR AR IE LR
FTEWERS TSN, 29 LR A MLEER
GO T 45 A4 v [ A B A 2 1 ZE K
2015 FFX BN R st AT T A, “WHHH
WETHAR M2 27 B4k “ N o ARGt
LM Z 27, TR T THN . %=
T e B b 22 S AT AT 23 0 N ik
1T TINE BB A8, fe& ke HEE WK
R HART N AR TN ZRE IS ARAT AT TR L

FEEEFSPEEFEFENRAS 2015 FRERL

Bl G, FedHEP R T T RS r TAE,
BRI 5T 2011 4R 48] PHAEHE . 2012
FEAELTHAR (GEgAER TR ASRS
Z5). 2014 SEAE) T RERIG I 25 )0 T =ik 4
PEEAR L, 2015 FAEI X LU 28 A2 1830 Y
AR LT R S H R 1 IR2AAR 2 X
LSO ) A A G 2E RO RMIE N R T A
MEEERTG, B gt T ARG AR K
LRIRE . ZRZ2 0TENA G 1 TAER%:
RGN L HRAT T e, KRE—80AN, 76
W AR B2 [ SR S R, AR 4
T R ARAT IR g 8, BG T —
E MG, A Ja B — R e AR S W TR
i, BRIT RN E K igs, Rk A
HED A TR DTk -

' ,@ﬁﬁéééﬁ"

201519 HR &

LR

i

34K

(TP EHRF

201546 11 1 13 H& 16 HhEA B ES T
P R A A e v P A A B2 LML R B 2y
IR KRB B, P2 AR R e S B
BHHFF—2015 FARWTS, APGREEZ,
KFEAIF. & FIER. RS 60 &
NBISSINFARIZ I IGS), AR 70 4%
T AR ASCRG L, Gl T 2RSSR
194

L7 100029 )

11 H 14 H, 285 7 EAES SR A
AV ZR 14y 2015 SEARESTHRA . Bl
FEZE 0 IR B 2 2RI K B SR
FERSTFR, TwalUe, ST kansd
AT

rp [ A 2 2 v AR R D S B A ik
EEAZR R AR AT B AR E &L



2o B EALZR A B LB TR T AR )
RIS o PRI B TR« 245 Rl
TR SN eGSR e S
BEHUSEEL” AR, AEBARET57k% B
WR T BB B A2 BHIIE TR T 17 o
B SCHRM T R TP R B E B A A
BT AR LA B2 12 AR, R AR
HE AT TIRAIIE S . BB T “Hr
THA0 RV P & A B R U R AR S
WEIL” AR o RS KT B E
16 07 &R FHBAT TR - B2 5t
FEN AT KRS AT T AR 5 1R

e Bl ZR T RALEH KRG AT TIF
s IFMUR T REEARZHAES -

BRI EEAR WU 7s T B K e e AL
TARAE — A B BEE & R AR LD L5 o
FHITFE AT BASRAF I BB TR o K2 it DA
LR AR R S T A B T AR AR
SRAE A 22 25N U R P 3RAS 1) B BT e,
BRIy TR S BORSE. SEOL T AERMIT
HEA A B2 S B AR T T 2 (K22 ARAZ i o
I [RIINF 28 0 7 A2 BB 27 R B 27 B2 A0 R
WLE KA ARAT s By T R B2 S0 v
J&, THARAE B | PR S A A R A ST S o

EEVEER K, MR, EHELELABEA

2015.11.14

2015 FHhESEZFSOMESIEZRSULE

RE!
(C"HMKFE IFFM 215006,
A EA 2R R T, AR
SR AL R T p . TR RFERIEE 7
BE K 2E A AR TR ) 2015 AF [ AR R 22 O I
B PR R ACT 2015 4F 12 H 4-7 HAETk
| R 2 -~ S TN P 5 P T B3 T
IR VWRAR A L, A5 25T B 2R 3
HAMEEEM, B TAHMKE. B

I
HE-REKRF  LFE 200433)

B R2EMIK ISR, 83T KRS SULIR O
PR, I eHE EIRS . K2k Y
Pz B K AR R TR &
VPR NGUAR) 7 0 IR0 B DA T K g
SRS ST =TT, DRI
M, M BUzeHE, Wep il i, [ RE,
T2 N2 RAT T, A8 R R4 AR 4 TF A

195



T 55 I RDTR .

R BI RIS B 102 56, KA 4
[ %4 30 F AL 110 MIERARES I T A
KW HREPHRRIE 2 ZRAK,
BRI 2R URIAEN R 25 44 1R 0o i 7 7 BB
PR FEPIMR AR R R ORI, Jf
FETT AL 21, A2 B A AT B A H2 f1)
WA RO Rty s ) AR
AR, G BIERERF . AL Mol IR
B KRB FE AR FR T T =K
MRFgER T s AR R 1L RS
T RRE, REPR. EHAE. HEE,
Rl B SR B ETL
Too . VT BRKIE. BT, GKIE XA
BRBIZNRSAET 21 RS L RS
Mg 7o 15 ALHEFAEAR T ISR .
KR FAREZRRVEN THHEMLFH R 10
Fio XK RS g 1y A O
PRV R 2R, AR A A 7
= B VRS AT« ZINAT T S Ak
B O L AR R SR, A0 i S A AT Ok 2
Bl AT 22 AR B )R IR R S AR S BT O AT
WS, AT K A K i a2 Hh DX 11 BT FF) AT
FU WEIARR W AT, X PG ER
R 2 RIER TAERA M A=K, K
ZHSCRA R B E 2K “9737 THRIIRE AR R
B I H TR o 0 e [ O AR BRAE AT 0K
AR 2 RO R BRGSO TR

JOCACALACALACA
BeTHE &
ASAGCHGHGHHIRS KN

W, ST AEIR R E BR S REAC . 3. LA
YRR LG, FRA X
B, OIS, O F 2R, O I e
AR BEAE O LA IR R 22 (1) B SRR —
AT, JBRFARILIH, FbBE R
HEDHam, 4. SMRLE, S ER
ARG 5L IR, Bk b, Bisit
B AR 5T R . S
Wk T EAE RSO TR
REFRKE, HOEARIES), HEFARZHN
RUFER. “AZiized, D7 BT KK
AL A EE 2015 4 r ] A 2 2% 25O I 45 AR 3
RSV — IR 2R RS Sk
AR B2y, DNt — DS B L0 L4 AE B
R TCRAN R R, FEAE TR O i A5 A2 21
SRR R RN T

AR EEATIF ] 2 BRI ARG, (H 22 AR
WL AR B, KSR
A5 R A2 2 5 2 N 1) 12 A :
B PR ARG, TF ARG, TR
AR R RE2ERIS SRy, RIS )
B, MEETERAEER . B b BRI
FTRIFEARGEE, R, AWERER;
PRI R, SRRl
BANABETR, AL, HES PR O
ARV R R A FREEAT I =
I, SRSt v AR D SR AE T

TR

(EIBFIR) 2015 FERESINELERFF

2015 4E 12 H 12 H, (ZEH2A4R) 2015 4
BB m WS WAE LA I 3 33 g
Gt TAE N G T2 o 16 A7k
Mg Z LRI S il

T FREEFZ TR, s 5
WImE IR T 2015 4 gnl s TAEFIIT) 2%
AT S T AL 2 AR HA AR 5, ToF 2 g R

196

T ScholarOne # fif £ 4 [F1 9 23 1E 7 0o S 2%
1A 2 i R TR AN A e =5 B B AT 7 1 Z0
g,

KRE—FOAN, CEBLZERD) 1E 433,
76 B AR R AR R e T B
(QU) Hbfy, BBk st — DR THIX
AHA IHESS s RS T AR BB 2E TAEE .



TR Z M b, wBNRE TP 2 A5
RS, Flhn.: B “HEeRRaE 7, EERBR
NG IR P B0 S R R IR 2, DA T [
AR T RN B T AR SCEE R N 2 s
R “ARFFe 0”7 vk b2 B«
FUPRAR” LA, BiEE N B B B,
A EABREH R TAELL “aF TR ”
TEAXPh, 2R R R
Hethew b i %, e, Ldns A
G ZAVAR AR, B AL R
AL, Ui — DA
i JJ .
CAH2EAR) S E Rl
Bt L3 2E i BF 2 B 9 Be FN ]
A BEAES Ih SR
ARYEX AT 1927 FE6)T, & -
B R A g s R
F1]. % Medline/PubMed BIOSIS
Previews. Scopus. H'[EF}-5]
SCHAREFE (CSCD). W ERHL S
5 51 SCE A E(CSTPCD) % 40

BB S ERE NPT E RS
S ERRENTH— s

BRSO TR FLR o 2 A2
SV SCRIE (R IR 26 4 R 2
WP . RS 3 KRR ¢ R,
22 YRR B ET RS th R e e
[ 4R 75 2 R AT ke

CEIZEIRY 24530

CAEFIZAAR) 2015 S RTWING

gwwwwx—ew%
3 ® g
FACHCHACHASIR
e
RERSWE B

2016 %3 H 1820 H

W E B AR LR R B 2y,
2015 4E 10 A 23 HG P EAHA S5 24 i
W55 B A A U HE RO . SE A SR
hEARES MR ER S —, RlA
] N = 41 i A1 58 5 AH I 9T I B2 T AR B
JEL R AR . At EERIME 22 AR A
T S TR A 45 R T, A L P A ST 4 B 4
LT - A0 PR X 1l B FL A AR R AR 0 A G
S5k (W) R T AE 5 R PR B 2B 2 4 T 15 25 R}
XEAZ I 65

2 [H A Bl E, 220 T 2016 43 H

18-20 HAEAL 2847 vh [ AR B 22 20 S i A Bl
B2 14 AL R B o — IR A B AR 2 R
o AU P E AR F A L AR R
I, JEHURZBRAET R A TR o S3V080E T T
A S B R R U E ) s AR e 2 [
A2 R B4 WAIFIX — D7 S 415 i
5 T ZALE NN KB L b 2R D145 1
Y EZON PRI IR E Sl

SV N Z A A BTSSR B 5 R
B T, B ST B4
R IR SR O A A 2 A 1) S

197



Fo WO A E AN =SB A A
B TR KR ARSI,

—. AT E

2016 4= 3 J1 18-20 H (3 H 18 Hlk#l,
19 H-20 H&WASHD

= FAXRER

DU RS, SRS IR AL
m=ME .

PSRy SR AT s A i K 2 i i
PrRbifl, $e2 B Pk : LR S0E H KA
S, AN 300 e TS SRR ik
& CBHRT, AR BTG E . AR
SWBGERRREIX, JRRAL “OLFH R,
BeRE T 2016 £ 2 A 15 HiWEES&E
zhanjun@bjmu.edu.cn.

=, SWCEMRAE

s 20164F2 H15H (&) | 201542 H16H )5 | 33N
5 B o Enk

A ST 4 Vo M e =R3

AN AN =
fEi%ﬁZ@ijggé 800 7t 1000 7t 1200 7t ‘

TGN 2= DY %ﬁkﬁié\ﬁ
| 1000 JC 1200 JC 1400 JC | 400 JG/PYSE
2/ A By B B . R
FAES R 500 JC 600 G 700 JC

& MRS REBRWAGES SF, AR, AT ASS
V¢ R m, SWERRA

TR R 2 WOE M 2 LRI N [ A P A o
S GEEEAEL ATM HLERAE, B FC
T, HSWOREVRATHEIK [l 5y 2 i 4y
BARBNII o, Haefohis:, oA %
SRR A1)

FER A ARy

P AT TRATARISAT

HATIK S . 0200004109014480653

T AR R T e

ATRFEFIFAMBEFR
% % zhanjun@bjmu.edu.cn, 18910740969
% I weixiaofan@bjmu.edu.cn, 15901362091

RKEZAE4E: YEARFLEARENELERS
KEAMPEE: RRKFEFHR

TEARFLOLR T AT ELERL
2015 % 11 A

FESEFSEERRENFE-REFRIUSERN

i 4 | g 5
IR LT F HL T4
T T B E W AT
i H 3] . . ‘ "
CLETRSTATET “N” ) ()18 H: ()19 H; ()20 H 1B 55 H
HVE “N” C ) AT ER A7 HoAth 22 4

[ B T 2016 4£2 A 15 HETK % : % zhanjun@bjmu.edu.cn

198



FEEEES
HUSERTWUERERSHIXSEE —BEARAZVEIFE

e E AR S SR SCRE R, W EE
FEENZRRST 2015 42 4 HIEX . I
EHESHHM S EREL RS FESNT
W BTN R E, InsmE Py o RAS i
& e, $ETHIR ETE A K8 IR FERL A [ fr
AR RI 0 S o B IR AR AT
MEEVE, PET 2016 4F 4 F 15-17 HAED
MMEAT A E R LW E R SRR BE
— BRI U T E AR A A S
FEENZE 2 B Ip TN RSB 225 T
hIpe

M A TR R T
TEBBRS N IS U DU A R

—. ZUURTE: 2016 44 A 15-17 H (4
H 15 H 43, 16 H-17 H&W, 17 HTF
TR

PelX A2 % 158 5, B NS IR M A

= WAETE . R SRR (A TR AL
i HED

1o AEfE IR M s s G5 5 0y
Es BN B A R I D

2. JHE SWHES 2l CERERH
%, FUAtLI TR) A BAT 23

3. RAE: WEAURBRIF ST SRAFEIR &
Pl KHSE

UL BRI T SEA7UFE 15 04,
B 5 408,

Fiv SVGEMPE: EXLER 900 JT/A,
AR 500 T/

Fo I (e R A P AR B 2 2 Oy S LR R B
Y e, Tl B RSl AR S BUN 55
S E AR 2R A BT, Gl AR 2
SR ESREBRSVEEM R B
[ 7 F 2 0 K 5 T AN ATM BLERAE,
BREFM R T 20, 2O BRAT R D o
TN FE AN A T R -R A, TS TR
FIIIAHAZ 2, HLREIBIION 4

FEP AL TR E AR A

T AT: LRATHRMSAT

BATIKS: 0200004109014480653

WEERIAE G T 2016 4202 F 15 H
Z AT AT 24 [l PRI 5 8 H A d

ew B HH S E R R RA T
YERISCRE Y IR0 S N

SHBREN:

AR

FKF5A54 13862155022, migihh@sina.com
2 35 18862313730, sthu@suda.edu.cn

PR 1 2xiimlh
PP 20 AR SAO 24 TR S E IR
M2z o 44
PEAEFRHMEERELER S
20154 11 A 13 8

bt
hELBYLE 24 BELSEREUERSHIARE
H—RBEARYER

" % | o | mis/ma |
By
B L
T S
45
B

199




i

FELEFSE 24 RELSEFEIVRRZZR

EAEZ R
A

RMEEE AT e SRR
R IR

BRIER BBk 4ot TFEA AR IR

O
WO e B MR BEE OB R XIMER S X
W& B W ow S W & B & ER
+ M EWR EERRI REY VSO IR A

VAN SIS S TG A

FOHCHLALALACAL A

K

%WMWM*

(BB 2015 FF 34 % 1-6 AR B R

P L oy 11 ce 20 0N [ I C S —— WA BEW EEH (1D
P ZUFZ AT AT, +vereereeseessees st PEEE (2-45)
TR ST AR AT MG v, 48t }gjggé (3-73)
DR S A I e 4% % (4-101)
i [E AP L R ST 5 R B S e e % A (5-129)
SRl T T Haz BT % 4 (6-165)

AR o [ A S AT G FTL 2 A1 BHLSIZI B8 e veveessesse s (1-4)
o [ o 2 R B R BIF T T ML BERIT ST 35 coveevsesessesssessssssssssssss s (2-46)
R BE EilE R ar BEART e /R ACE K S e A e A
%«l’#ﬁﬁﬁﬁfﬁ}%'bﬂﬁ#i%% ............................................................................... (3-74)
E'jﬁj(%\//fﬁgﬁ@%ﬁ%d:}i%g ............................................................................. (4-104)
P B2 T [ 2 ot Tl B 22 Bt A T ZIIF 25 ceevveeeseessemsenssessssie s (5-131)
ﬁ{igﬁjrj(#i}@ﬂﬁﬂg ..................................................................................... (6-167)

SKFEIESE  Insulin Alleviates Posttrauma Cardiac Dysfunction by Inhibiting

200

Tumor Necrosis Factor-a-Mediated Reactive Oxygen Species Production

........................................................................................................... Yafei Feng’ et al ( 1_9)
Downregulation of integrin 4 decreases the ability of airway
epithelial cells to Present Antigens: - - wwsserrssserrsssssrissnerissriinane. Chi Liu, et al (2-49)
Rgl protects the MPP -treated MES23.5 cells via attenuating
DMT1 up-regulation and cellular iron uptake--«-«--«----=sssseeseeeceeees Huamin Xu, etal (3-76)



xtraneuronal Monoamine Transporter Mediates the Permissive Action of

Cortisol in the Guinea Pig Trachea:Possible Involvement of Tracheal

CRONAIOCYLES ++eeseesessesessesssses sttt I ;%éjf— (4-107)
Hh A AR e SR B AR e S T = A R AR T AR R R SO i
B [F AR g o b — Jn A A B TR AR W WAL
B s FRIZAZ B 1 #H 3L M OH 3% (5-136)
NMDA 52 A i i 5 S BRI B oeeeooeeeeeseeeene Woo# OREEF (5-143)
B-Arrestin—biased signaling mediates memory reconsolidation------ Xing Liu, et al (6-174)
FIEHFL UL (CETRRIEZIEIRY T rreerreereersserssesssss s (3-75)
HERD FOEE BHEGE DA ER PR TR BRI es
RTER CRFAARWRIC “ TANE”) KIS
ff: RBREAARIETIL CTLANYE” woevererrmermmnmini (6-173)
ARG IE R AT A oveeereeeree e (5-133)
(AT B BE I AL ST Al oo KFH ok BMNIE (6-169)
uggﬁ ............................................................................................................ (5-136. 6-173)
Yﬁﬁ‘lﬁ@Eﬂ;ﬁ\:%%iﬁ ............................................................................................... (3-92)
Lol N MR 7 N Loy B = 2 OSSOSO (1-22)
ERHEEHFIAN AT TAEE TR v L (123)
L L NI R TR TAEZ” TR e (1-24)
B ARG NG “CEERFRL TR PR e, (1-25)
CERE2AR) SR3R 2015 AR FERPZ R “ T AR AL TZ 227 wooeereeeeeens (3-91)
HERH P AT R TIRE “HHENA TR LR I H S AR AL e (6-184)
2015 [E B “HENAFERE TR A E R R N A 44 B e (6-185)
HEAEH AR ERND NS TR TR SRR NA R AR
FRJTIE H +eeveeeneeeme e (6-186)
CEPERD 23R “2015H [ FE BRimiy T 2 AR FRAG e (6-186)
e see ey | R P e AR S B iy il 1 e oY B R S I L
%ﬁl’éi'ﬁ‘ﬁg&fﬁﬁ%ﬁ(%*%ﬁ%ﬂ ................................................................... (2-62)
HE A B B b S A T AR A B AR RS B RIS oo (2-63)
E':ﬁz}i%éﬁi*ﬂ*@%}ij}@i ........................................................................... (2-64)
RHEE e seE RS P e SRS S B i it 1 e oY e S VIR R L e
iéii?li&i‘/ﬁ%ﬁ(%*%ﬁﬁﬂ (ﬁyjﬁdﬁuz@%) ................................................... (3-89)
Hh A B e B o A [ AR A B A AR SR I
FETRIMAN (FRURTUBE ) ceveenremmeneeteei e (3-90)
[ A P e SR B R B S S A R AR A AR P R S
AL B rh AR P s A A AR TAEE RS
IRAF R BT ettt (4-121

201



gl

i

FAREH

FRIEH

202

Hh R A B 2 e 90 J A PR S E20 164 [H] b A B2 S RO s —— A (1132 4

B B L T ] v eevveenneennee e (6-187)
o A B A A PR D R B2y 2015 AR G2 WO B B IR

AT e e Ve A R S B R X R AR B I H IS (58D woorememenenneess (1-39)
ROBGHE WG N RARAT R T nsiit 2 Bk 30 (0D Bt

DA 327 TR I TR G -+ veevveemveemmeemme e (1-40)
rh ] £ T 2% 2 37 TR 2 B 22 S AR ST S B BETFL ] +vevvvsveevsenssenssmssessnssenssnniinns (2-67)

B 2o R A 5 oo AT A R R T B 5
BEAEARIER T ERVENIY A R T IR R R AR

?ﬂkéﬁ%%*@%*i{ﬁ%” (;ﬁ*i@@%ﬂ) ............................................... (2-69)
o AR P e R TR AR BR R AL S SCRE AN CRERCTIEE ) v (2-70)
Hh A B e A P SRR G BRI AN CFRIRTIEE) oo (3-92)
ALY eI R SR NS e S VR e Nty e Y i 51 IR (3-93)
20154 [H A B 2R S ia B AR A T R R s 2 U “as ) a0 g Ry
%’*Eﬂﬁ’%ﬁ%ﬂ ....................................................................................................... (3-94)
2015 fEH [E AR AR in g AR P R s s U Iz E) O L AR
%’*Eﬂﬁ’%ﬁ%ﬂ (ﬁm-ﬂj%) .............................................................................. (4-123)
R EESE S NS L A VS o N oS Ty S MG TR SRR (4-124)
SRIESIE R S e N e 6 e o e AR VN
B REARLI (2015 FHE) [ e Y 1 | LT TR T PP T PP PPN PIPI (4-125)
KT TE AR B2 2 A WA b 2 2 2015 AFE2F AR
TN CHE I ) correreee e (5-161)
2015 45 [H A B 2 20 MU AR BB 2 AR A, 2 2 AR ] -eveererererememnesnmnnnnninnnes (5-162)
Hh AR P S B A ) S M R DA T K B A L R
B R AR ST BT JI] - veevveerveeneesnee et (6-197)
HH R A B 2 e A S 8 R R A 2 RO K2 BB B i 2 R LA b - (6-199)
EE, R BESR. EAL. ZHER. MR, MRS TREES
2015 ${§£ﬂ1+j?ﬂ ...................................................................................................... ( 1-25 )
B EFA T 0L S 2

— FEAEH D01 S TR 2 ceoveereeeereeeneeneens HEAE B (1-41)
5524 i B AR R 22 25 B JIE AR BB Mh 23 51 45201 STE R A S DUE AL A
B EARE AR B IR R T e (3-96)
AR A T S E TR R AR B R BUBTIH oo (3-97)
DERIALY, WRBIKRE, IR e—rh [ A B o
T Je 2 [ 2R P T S AT R IR SR BT A T oovveeeeeeseeeeese B € 1A (4-126)
2015 fEHP E A AR S In g AR B TV R A s s WU “IsE) O ML E R
EE ARSI BTG IR I T T veeveereesneeneenieiei HKE A A (5-155)



l

e A 2 S R 2 R B RS R B R AR

é‘i}‘(%i&(éﬂ% (2015 3{{$) .............................................................................. (5-158)
LR EERE S E RS AR K S 2015 AR FELEEATT
WA AR A2 2 2015 FEEARFSBE T — B S mit 28 K4
Eiﬂ:ljﬁﬂ: ................................................................................................................. (5-160)
] A H 2 2 N IR B L R L2201 SAE R WA E - % B4 BHT (6-193)
Hh [ A P 2 S v R AR B AR L R B 25201 5B ARAF SR AL B oo a4 (6-194)
2015 [H AR 2% 25 O LA A B2 R S LB v KEX A% (6-195)
"%"%I'ﬂf %Eﬁ?%%24ﬁ%?ﬂ§ﬁéﬁifﬁ§ﬁégi ..................................... (5-148)
CAZER2ERD) 201 54F B gmZe S WUAE LG AT T -oeveereeseeneenns (AZFRY) BHEA (6-196)
EFRIR WX AR SRS S (FAOPS) S8JmS AR KSIER R AT - I # (6-188)
B/%‘,'%‘EE%?%ZOISfﬁlﬁﬁﬁ?&%ﬂlﬁéﬁﬁﬁﬂllﬁﬂ‘ ............................................. (6-191)
B R AR NS I 222 RS TE R HE L RN T TF ovveeeseesseessenssenssnnens (6-192)
*_H:iﬁ'q:‘%\ ﬁﬁ‘fﬁ*ﬂ%%%@@%ﬂ@ﬁ\]HE‘%*EH‘J%?{%EE%{ZIS ............................................... (2-66)
rp ] R AN A P BRI R BRI ARG R ] - vveeeeereeseremsenemseieisieiscs (2-67)
j]&% gl] «ﬁ:fiﬁlﬂ» ;‘Fﬁ‘g{j ................................................................................................... (1-42)
IUERZ T AL T T S AT AN cveeereeeerereeseses s (F—)
ﬁj]”ﬁ%i#@ﬁr:ﬁzﬁ[ﬁé}ﬁj ........................................................................ (2-71. 3-99)
AESCHRNE B FAT BRI T wovvveeeeeseeeeees (1-44, 2-72. 3-100, 4-128. 5-164. 6-204)
RS2 B BAEAG BN T3] 77 B FRT AT +eeeeereseesemeenessmnsisinti et (B =
PR A SR E FR S 50 CLHE) AT PR T T2 B AN eeereerereeremmeneenenieencieies €11
(BB ®RESZE GREKREBEHF
ES ® £ W
Bl £ & ARAk T % TR KSH O RUME KRR H O
BLalEm TA%E Rk sk B OEiE M O® R & M Bl
= ROEHin AEZ XESR O KRKE MO BME R Bk Bl s
EL S K
A= PRIE TH) £ P B
CIUERLID Yig. AR (BRI g
2015 5 34 55 6 1Y CIESCZRPUPE AT 42 5o EABS2  3%H: 100710)
(NFBRAT) EDRI. 3T el iRen)
12 A 31 HHkk S R

MESIEFS  dif: (010) 65278802  (010) 85158602 fLEL: (010) 65278802 MEEIFS: Z1525—981277
MIk: http://www.caps-china.org/ E-F{SFH: xiaoling3535@126.com zgslxh@]126.com
mEmE 4 OB o B

203



JRACHACACAGAGA
URZzE

LA R B AT PR F

YP100 B! JE S Hefess METEH: -50~300mmHg, AT EE: <400mmHg

YP100E 2/ Jy e sy MMM : -50~300mmHg, 5 KMl E{H: 3800mmHg(%EFr) Hiihi: 12V/300mmHg/6V
YP200 B Sy g MHEGR: -50~300mmHg, KRG : <400mmHg( % 5 Fr)
YP300 Bt Sy g s MHEER: -50~300mmHg, &% A E{E: 2000mmHg

YP400 %% Sy efig oy MEJEME: -50~70mmHg, KM EE: 300mmHg

YP600 MU i JjHefigdy IHEVEE: -50~300mmHg (LAY

YP900 BTy 4 Reds (HusEhn) vESAR SHAE M= -50~300mmHg

JZ100 %5k JyHefig s MERTLHE: 0-10g 0-30g 0-50g 0-100g 0-300g 0-500g

XH1000 R25EK5K Ty ss MRS 0-10g 0-30g 0-50g 0-100g 0-300g 0-500g

XH200 B KM 4t s M6k 0-3g 0-5g 0-10g 0-20g 0-30g 0-50g

DZ100 M55k JjHftasy (KRR WEEH: £20 mm

XH1000 Zm e geas CH T2 MR MEJEHE: 0-100g 0-200g 0-300g 0-500g 0-1000g
HX100 ZUPPIR e e sy ORI 0O

HX101 ZUPFHRHepaSs (BhaHmgr=)

HX200 ZIPPIR R BE A AR (B =0

HX300 ZUNPIG Hefe sy (R 8 Y e Nalish i 5L

HX400 ZUFTHR DhREHGEAS CONARITR I . Tl 72 56 U DD

HX500 M45 % PRk e feds (HTRT. KRR /D BUE B BEE ST

XH100 ZY/ U SE88 & (R T-RZ B 2 S 58D

WS100 S i g4 O T 5 i)

YL200 24y #efieds CH TS AT T I8 ) #5800k 2000g)

CW100 24 B e feds TSN NLE #R3KK 02X 10mm)

CW200 ZY 3 55 . 7=l FA

CW300 AT RE2T CH TSN, #0 03 X 50mm)

CW400 4 Jy A ki g 2SR 100 3h ) 38 AR

XJ100 BLLEFHefeds G ARBILE D

X200 B YA CH THEIE WS & 5l m3)

MP100 F ik e as CH 00 AR g O

MP200 4 iR R A A ORI K ks B RO

MP300 24 joi i ke G 2% - ORI 000 06 T I B 67 F )

XH100 B4 fikiz e fgst CRT-I0S A FEBEAA7 KA 2007 e S5 Ik 56 50O

XH101 Zi 3 0K UGB i ) 2 B CH K R He e i F U D

XH200 Bk =0/ BROG AT M e B OF /N U G i A i D

MR RN R ZE R AT RAENE BHER. Eaedt. BFUrisadns)
HEMHE: —4ENEMRORAR . RO A, O =0, e, DT ERERR . AT ke
PL L= SR BE S RIS . M Ri3e ). ERZR . KR BLOPAC %5 [ A 4R EE RSB A .

PNREAMR: ALEFMAOL R BEFRAR

Hedk: dbRTEAFRALEE 199 SR AJE 1018 =

MiE: (010) 85985769 (010) 85987769 (f¥H)

BB4s: 100026

MiE: www.xinhangxingye.com

BRFE: http://mail.yan85985769@sina.com, 13701369580@163.com

204



