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Establishment of cell modd used by researching cycle Kinetics of
vesicles containing ce-existence neurotransmitters
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ABSTRACT: Objective To prove directly that PC12 cells can synthesize and secrete histamine ( HA) and to
provide experimental evidence for researching vesicle recycle kinetics of sympathetic cotransmitter. Methods
PC12 cells were cultured in the conventional way. RT-PCR and Western blot techniques were used to detect histidine
decarboxylase (HDC), the key enzyme, in HA synthesis process. Immunofluorescence technique was used to detect
HA, HDC and HA vesicles in the differentiated PC12 cells. ResSUts HDC expression could be detected in PC12
cells at both the mRNA and protein levels. Furthermore, immunofluorescece data showed that detectable levels of
HA, HDC and HA vesicles were found in PC12 cells. Conclusion Since PC12 cells have HA expression and the
characteristic similar to that of the sympathetic neuron, they can be used as an ideal cell model for researching
vesicle recycling kinetics of sympathetic cotransmitter.

KEY WORDS: histamine; histidine decarboxylase; PC12; vesicle; ce-existence neurotransmitter; nested reverse

transcription- polym erase chain reaction (nRT-PCR); sym pathetic neuron

) 1991
s (‘histamine, HA) H3s

:201+02-22 : 201104 20
: (No. 30800310) ; (No.20090451521)
Supported by the National Natural Science Foundation of China (No. 30800310) and the National Science Foundation for Post doctoral
Scientists of China ( No. 20090451521)
: s s . Email: xxluo3@ fmmu. edu. cn
(197%), ( ), s . Email: lujun_2002@ yahoo. com. cn
:201+05-09 http //www cnki. net/ kems/ detail/ 61. 1399. R. 20110509. 1114. 002. html

http; // www.jdyxb. cn



558

( ) 32

(norepinephrine, NE)'",

[3-6]
, HA NE (su-
perior cervical ganglion, SCG) ,
17 HA
191 HA

, SCG  SCG
HA NE (10l
HA NE HA
NE .

: SCG ,
HA NE
SCG

SCG
HA/NE

L (PC12)

[12]

PC12 ,
PC12

1

1.1 HA Sig-
ma , B actin
(histidine decarboxylase, HDC) HRE-
I¢G HRE IgG FITG IgG
Texas Red IgG Santa Cruz ,
FM 143 , ECL

Invitrogen

Molecular Probes
Pierce , Trizol
, Ferment as
1.2 PC12 PC12
PC12
100 U/mL

DMEM ,

100 mL/L
100 U/mL
37 C 50 mL/ L CO-2
1~ 2d 1,
70% ~ 80% ,
1.3 HDC mRNA
PC12 RNA,
, PCR )
TIPPENS 'V , RT-PCR( nested

reverse lranscription-polymerase chain reaction,

Trizol

nRT-PCR) HDC mRNA  PCR
:94 C 1 min, 55 'C 2 mimn, 72 C 3 min, 30
:HDC(M29591. 1), 440 by, First
step Forward: 5~ AGAGAT GGT GGATTACA-
TCT-3 ,Reverse: 5-TA CT T GT CCT T GACCCA G-
AA-3; Second step Forward: 5-ATT GCCCT-
GCTGGCAGCAAG-3, Reverse: 5-TTAAAGGT-
GAAGGAGTCGGG3  Bactin( NM_031144),
445 bp, Forward: 5-GA GGGA AATCGTGCG-
TGAG3, Reverse: 5-CTGGAAGGTGGA CAGT-

GAG-3 10 g/ L ,
1.4 Western blot HDC
PC12 ,50 Hg SDS-PAGE
,50 ¢/ L
1h 1. 1000 4°7C , 1. 500
4 h, ECL ,
1.5 PC12 HDC HA
40 ¢/ L pPCi12
10 min, 20 g/ L. BSA 30min, 1: 1000
HA , 1. 1000 HDC ,4 C 24 h;
1: 100 FIT& IgG, 1. 100 Texas Red
IgG, 3h; 500 mL/ LL ,
( ) 0. 01 mol/ L
PBS S5minx5 0.01 mol/ L PBS
1.6 PC12 HA FME43
pPC12 K" (50 mmol/ L) + FM £43( 10
Hmol/ L) 90 s, FME43 HEPES
Sminx3 ,40g/L 10 min, 20 g/ L
BSA 30 min; HA (17 1000),4 C
24 h; T exas Red IgG(1: 100),
4 h, 500 mL/ L ,
( ) 0. 01 mol/L
PBS S5minx5
2
2.1 PC12 HDC mRNA
nRT-PCR pPC12 HDC mRNA
, 440 bp (1
2.2 HDC Western blot
PC12 HDC ,55 ku
(2
2.3 PC12 HA HDC pPC12
, , HA( ) HDC( )

http; // www.jdyxb. cn



559

, MERGE PC12 HA
HDC (3

B -actin

445

440

HDC P

B 1 PCI2 4488 HDC nRT-PCR & R
Fig. 1 nRT-PCR analysis of HDC in PC

M. Markers 1 488 ;2. P(

HDC 55 ku
B -actin 42 ku

r§} Western blot # ] PC12 48 ff2 HDC 0 p-actin EH /)

B3 PCI2 4880 HA 1 HDC S & B &

I g. ]' KOS .]“\ rescent ros Py *1: ving d 1 ( n

r HDC and histamine in P(
\CFHPEAT R B HAC. HDC: D: MERGE ; Bar
2.4 PCI12 HA PC12
, HA( ) ()
,MERGE PC12 HA
(4
3

—
-
® ®

4 PC12 HA

Fig. 4 Images of fluorescent microscopy showing double

stainings for histam ine and synaptic vesicle in PC12 cell

A: ;B:HA; C: FM +43; D: MERGE; Bar= 20Pm
t PCI2
, PC12
PC12 1976
Ha , PC12
NE,
Mpc12

(tyrosine hydroxylase, TH)
(nerve growth factor, NGF)

[15-16]

30

,PCI2 :

,PCI12

: PC12 . NGF
PCI12 :
, PCI12
PC12
PCI12 NE,

[11]

http; // www.jdyxb. cn



560

( ) 32

HA NE ,
PC12 HA PCI12
HA
HA : PC12 ,
,Hi
[17] ,
H: ;
NMDA  PC12 ,
H: H; s
H H
o, B 142
(Amyloid3+42, AB42) PCI2 ,
Hs o1, AB42
PC12 R H> H;
21 PC12
, HA PC12
HA 2 [1819] ,
(RFPCR) (West
ern blot) HA
HDC, HA HDC
HA , PC12 HA
PC12 ,
HA NE ,
SCG HA/ NE

[1]LUO XX, TAN YH, SHENG BH. Histamine H3-receptors in-
hibit sy mpathetic neurotransmission in guinea pig myocardium
[J]. Eur J Pharmacol, 1991, 204(3): 31}+314.

[2]LUO XX, SONG L, JJIANG YP, et al. Inhibition of sympa
thetic neurotransmission via NE M-sensitive H3-receptors in the
guinea pig vas deferens[J]. M ethods Find Exp Clin Pharmacol,
1994, 16(3): 185-189.

[3]JENDOU M, POLT E, LEVI R. Histamine H3-receptor signa
ling in the heart: possibleinvolvement of Gi/Go proteins and N~
type Ca2+ channels [ J]. J Pharmacol Exp Ther, 1994, 269(1):
221229.

[4]CHENG ZQ, BOSE D, JACOBS H, et al. Sepsis causes presyn-
aptic histamine H3 and alpha2 adrenergic dysfunction in canine
myocardium [J]. Cardiovasc Res, 2002, 56(2):225-234.

[SIKOYAMA M, HEERDT PM, LEVI R. Increased severity of
reperfusion arrhythmias in mouse hearts lacking hisamine H3-
receptors [ J]. Biochem Biophys Res Commun, 2003, 306( 3):
792-796.

[6] YAMAMOTO S, TAMAI I, TAKAOKA M, et al. Role of his

tamine H3 receptors during ischemia/ reperfusion in isolated rat

hearts [ J]. J Cardiovasc Pharmacol, 2004, 43(3):353-357.

[7] LI M, LUO X, CHEN L, et al. Ce-localization of histamine
and dopamine-beta-hydroxylase in sym pathetic ganglion and re-
lease of histamine from cardiac sympathetic terminals of guinea
pig [J]. Auton Autacoid Pharmacol, 2003, 23(5-6):327333.

[8]LI M, HU J, CHEN Z, et al. Evidence for histamine as a new
rotransmitter in the cardiac sympathetic nervous system [ J].
Am ] Physol Heart Circ Physiol, 2006, 291(1): H4551.

[9THE G, HU J, MA X, et al. Sympathetic histamine exerts dif-
ferent pre and postsynaptic functions according to the frequen
cies of nerve gimulation in guinea pig vas deferens [ J]. J Neuro-
chem, 2008, 106(4): 1710-1719.

[10]HU J, CHEN T, LI M, et al. Wide distribution and sub cellular
localization of hisamine in sympathetic nervous systems of dif-
ferent species [J]. Neurosci Res, 2007, 59(2):23F 236.

[ 11]WESTERINK RH, EWING AG. The PC12 cell as model for new
rosecretion [ J]. Acta Physol (Oxf), 2008, 192(2):273-285.
[12]GREENE LA, TISCHLER AS. Establishment of a noradrener
gic clonal line of rat adrenal pheochromocytoma cells which re-
spond to nerve growth factor [ J]. Proc Natl Acad Sci USA,

1976, 73(7): 2424 2428.

[ 13]TIPPENS AS, DAVISSV, HAYES JR, et al. Detectionof his
tidine decarboxylase in rat aorta and cultured rat aortic smooth
muscle cells[J]. Inflamm Res, 2004, 53(8):390-395.

[ 14| GREENE LA, REIN G. Release, storage and uptake of cate
cholamines by a clonal cell line of nerve growth factor (NGF)
responsive phee-chromocytoma cells [J]. Brain Res, 1977, 129
(2):247263.

[ I5]SCHUBERT D, LACORBIERE M, KLIER FG, et al. The modw
lation of neurotransmitter synthesis by steroid hormones and insulin
[J]. Brain Res 1980, 190(1): 67-79.

[ 16] TISCHLER AS, PERLMAN RL, MORSE GM, et al. Glucocort
coids increase catecholamine synthesis and storage in PC12 phee
chromocytoma cell cultures[J]. J Neurochem, 1983, 40( 2):364
370.

[171HU W, FAN Y, SHEN Y, et al. Mast cell-derived mediators pre-
tect against oxygen-glucose deprivation induced injury in PC12 cells
and neurons [ J]. Neurosci Lett, 2007, 423(1): 35-40.

[ 18]SHEN Y, HU WW, FAN YY, et al. Carnosine protects against
NMDA-induced neurotoxicity in differentiated rat PC12 cells
through carnosine-histidine-histamine pathway and H(1)/H(3)
receptors [ J]. Biochem Pharmacol, 2007, 73(5):709-717.

[ 19]SHEN Y, FAN Y, DAI H, et al. Newoprotective effect of carnosine
on necrotic cel death in PC12 cells [ J]. Neurosci Lett, 2007, 414
(2):145149.

[20]FU Q, DAI H, HU W, et al. Carnosine protects against Abe
ta42 induced neurotoxicity in differentiated rat PC12 cells [J].
Cell Mol Neurobiol, 2008, 28(2):307316.

[21] , .. B PCI12

RIB : )
2007, 36(2): 146 149.

http; // www.jdyxb. cn



