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1. Introduction
Taurochenodeoxycholic acid (TCDCA), which is a natural bioac-
tive substance in animal bile, has anti-inflammatory and immuno-
regulatory effects (Liu et al. 2011). The G protein-coupled receptor 
TGR5 has been identified as an important component of the bile 
acid signalling network that mediates the effects of bile acid on 
energy balance, inflammation, and digestion (Jensen et al. 2013; 
Pols et al. 2011). Previous studies have shown that the activation 
of TGR5 in bile acid suppresses proinflammatory cytokine produc-
tion and macrophage phagocytosis (Kida et al. 2013). However, 
the mechanisms and spatiotemporal control of TGR5 signalling 
remain poorly understood. We investigated TGR5 signalling 
associated with trafficking in transfected NR8383 cells. Previous 
studies have shown that some bile acids can increase the intracel-
lular Ca2+ concentration and induce calmodulin (CaM) production 
through IP

3 
(inositol 1,4,5-triphosphate) receptors (DEVOR et al. 

1993; Moser et al. 1998). IP
3
 signalling occurs through G protein-

coupled receptors at the plasma membrane, and the information 
is transmitted inside the cell, leading to the hydrolysis of phos-
phatidylinositol biphosphate (PIP2) to form IP

3
 and diacylglycerol 

(DAG). IP
3
 then binds to the IP

3
 receptor (IP

3
Rs), which has 

been demonstrated to release Ca2+ from non-mitochondrial stores 
(Clapham 2007; Mikoshiba 2015). Ca2+ acts as an intracellular 
messenger and plays a critical role in cells of the immune system 
that participate in the regulation of cell differentiation, gene tran-
scription and effector functions (Berridge et al. 1998; Feske 2007). 
CaM, a primary Ca2+-binding protein, mediates various processes, 
including inflammation, metabolism, apoptosis and the immune 
response (Kumar et al. 2013). To assess the functional roles of 
TCDCA and TGR5, we used the NR8383 and TGR5-NR8383 cell 
to examine the differential effects of TCDCA on the Ca2+-CaM 
levels in cells with and without TGR5. The results of this study 
will increase the preliminary understanding of the mechanism of 
TCDCA in immunoregulation through TGR5 and will serve as a 
foundation for further research.
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Taurochenodeoxycholic acid (TCDCA), a natural bioactive substance in animal bile, has anti-inflammatory and 
immunoregulatory effects. This study evaluates the effects of TCDCA on calcium/calmodulin (Ca2+/CaM) signal-
ling mediated by G Protein Coupled Bile Acid Receptor 1 (TGR5) to provide preliminary information on the 
mechanism of TCDCA in immune regulation and also to benefit future research. After treatment of NR8383 
and high TGR5 expression cell (TGR5-NR8383) with TCDCA (10-6 mol/L, 10-5 mol/L, and 10-4 mol/L) for 1 h, 
we measured TGR5 and CaM gene and protein levels by quantitative reverse transcription-polymerase chain 
reaction (qPCR) and western blotting, respectively. The inositol triphosphate (IP3) concentration was measured 
by Enzyme-linked Immunosorbent Assay (ELISA), and the Ca2+ concentration was measured by calcium fluo-
rescent probe (Fluo-3 AM). The present study showed that the expression levels of IP3, Ca2+, and CaM in 
NR8383 cells were increased by TCDCA at concentrations ranging from 10-6mol/L to 10-4 mol/L. TCDCA (10-4 
mol/L) increased both the gene and protein expression of IP3 and CaM through TGR5. TCDCA (10-4 mol/L or 10-5 
mol/L) also increased the Ca2+ concentration via the TGR5 receptor. Our data suggest TCDCA activates Ca2+/
CaM signalling via the TGR5 signalling pathway.

2. Investigations and results

2.1. Expression of TGR5 in NR8383 cells
The expression of TGR5 in NR8383 cells was determined using 
qPCR (Fig. 1A) and western blotting (Fig. 1B).

2.2. Effects of TCDCA on IP
3
 expression

The IP
3
 levels in NR8383 and TGR5-NR8383 supernatants were 

assessed by ELISA after treatment with TCDCA. High levels of IP
3
 

were observed following treatments with different concentrations of 
TCDCA in both NR8383 and TGR5-NR8383cells (Fig. 2). Before 
TCDCA treatment, no difference was observed between NR8383 
and TGR5-NR8383 cells. In addition, 10-4mol/L TCDCA had a more 
significant effect on TGR5-NR8383 cells than on NR8383 cells.

2.3. TCDCA increased the concentrations of Ca2+ in cells
The effects of TCDCA on the Ca2+ concentrations in NR8383 and 
TGR5-NR8383cells were detected by Fluo-3 AM. In both NR8383 
and TGR5-NR8383 cells, different concentrations of TCDCA 
increased the production of Ca2+ compared with control cells. Signif-
icant differences in the Ca2+ concentrations following treatment with 
10-4mol/L and 10-5mol/L TCDCA were observed in TGR5-NR8383 
and NR8383 cells compared with control cells (Fig. 3).

2.4. Effect of TCDCA on CaM mRNA expression
CaM mRNA levels in NR8383 and TGR5-NR8383cells were deter-
mined by qPCR after treatment with TCDCA. The results showed 
that CaM mRNA expression was induced by TCDCA at concentra-
tions ranging from 10-6 to 10-4mol/L. Before TCDCA treatment, 
no difference was observed between NR8383 and TGR5-NR8383 
cells. However, 10-4mol/L TCDCA significantly increased CaM 
mRNA expression in TGR5-NR8383 cells compared with NR8383 
cells (Fig. 4A).
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Fig. 2:  Effect of TCDCA on the concentration of IP3 in NR8383 and TGR5-NR8383. 
Untreated cells were used as a negative control. *P<0.05 and **P<0.01 vs. 
control. # P<0.05 and ## P<0.01 vs.TGR5-NR8383 or NR8383.

Fig. 1:  Expression of TGR5 in NR8383 cells. A. The expression of TGR5 mRNA.
B. The expression of TGR5protein. *P<0.05 and **P<0.01 vs. control.

3. Discussion
Research interest in animal bile acids is dramatically increasing, 
especially with regard to therapy for autoimmune diseases. 
TCDCA, which is a natural bioactive substance in animal bile, 
has been shown to have notable immunoregulatory effects in mice 
(Wang et al. 2013). In a previous study, TCDCA was demonstrated 
to inhibit non-specific immunity and cellular immunity but to 
enhance humoral immunity. Thus, it has various regulatory effects 
on immune function in animals (Li et al. 2013). However, as the 
effects of TCDCA on Ca2+ and CaM expression through TGR5 
remain unknown, we investigated this in the present study. 
TGR5-NR8383 cells were obtained by the transfection of NR8383 
cells with pcMV-TGR5.TGR5 is a G-protein-coupled receptor 
(GPCR) that contains seven trans membrane domains and transduces 
extracellular signals through heterotrimeric G proteins (Wang et al. 
2011). As shown in this study, TGR5 is involved in both the forma-
tion of cAMP and inhibition of the inflammatory signalling pathway 
(Bunnett 2014). Indeed, TGR5 may act as a critical receptor that 
is activated by micromolar concentrations of TCDCA, elevations in 
the intracellular IP

3 
and Ca2+ levels, and the generation of CaM.

The ubiquitously expressed IP
3 

receptor is mainly localised to 
the endoplasmic reticulum membrane (Putney and Bird 1993), 
where it functions as an ion channel to release stored Ca2+ into 
the cytoplasm to increase the cytoplasmic free Ca2+ concentra-
tion following activation by its physiological ligand, IP

3
, which 

is generated in the cytoplasm as part of a signalling cascade 
resulting from activation of specific plasma membrane receptors 
by various extracellular stimuli (Berridge; 1993 Mak and Foskett 
2015). There is accumulating evidence that the IP

3
 receptor plays 

an important role in cellular functions; specifically, IP
3
R forms an 

important macro-molecular complex that works as a signalling hub 
by associating with various molecules and determines the direction 
of cellular signalling pathways (Mikoshiba 2015). In this study, 
we assessed IP

3 
levels by ELISA after treatment with TCDCA and 

found that 10-4 mol/L TCDCA significantly increased the concen-
tration of IP

3
 through the TGR5 receptor.

One of the most versatile and universal signalling agents in the 
human body is the calcium ion (Berridge et al. 1998). Ca2+is an 
important intracellular second messenger in such processes as 
growth factor and hormone signalling, cell cycle regulation, gene 
expression, and apoptosis, among others (Hook and Means 2001). 
Calcium signals are ubiquitous, and their versatility relies on a 
variety of spatio-temporal behaviours exhibited by intracellular 
Ca2+. IP

3
R-mediated Ca2+ signals are a key component of the Ca2+ 

signalling toolkit (Choe and Ehrlich 2006). However, ryanodine 
receptors, sister receptors of IP

3
, are also critical in Ca2+ signalling, 

and these receptors also contribute to bile acid-induced calcium 
signaling (Husain et al. 2012). This activity may explain the effects 
of TCDCA on plasma membrane Ca2+/CaM channels in NR8383 

To further investigate the role of the IP
3 
receptor in NR8383 and 

TGR5-NR8383 cells, we examined the effect of an IP
3 

receptor 
antagonist, 2-APB (Tamashiro and Yoshino 2014), on the cells. 
After treatment with 2-APB, both the NR8383 control and TGR5-
NR8383 control cells showed no differences compared with the 
normal control cells. However, the levels of CaM mRNA were 
suppressed by 2-APB in the NR8383 and TGR5-NR8383 cells 
treated with 10-4mol/LTCDCA, although they were still increased 
significantly compared with the respective controls. No differ-
ence in CaM mRNA expression was observed between NR8383 
and TGR5-NR8383cells treated with TCDCA at concentrations 
ranging from 10-6 to10-4mol/L.

2.5. Effects of TCDCA on CaM protein expression in cells 
The effects of TCDCA on CaM protein levels in NR8383 and 
TGR5-NR8383 cells were detected by western blotting. The results 
showed that different concentrations of TCDCA increased CaM 
protein expression in NR8383 and TGR5-NR8383 cells. Upon 
treatment with 2-APB, a significant decrease in the production of 
CaM was observed in NR8383 and TGR5-NR8383 cells compared 
with the respective untreated cells. However, CaM expression did 
not differ between NR8383 and TGR5-NR8383 cells following 
incubation with 2-APB. These results indicated that TCDCA 
exerted identical effects on the CaM protein and mRNA levels.

Fig. 3 (A)  A: Effect of DMEM on Ca2+ in NR8383; B: Effect of TCDCA (10-6 
mol/L) on Ca2+ in NR8383; C: Effect of TCDCA (10-5mol/L) on Ca2+ 
in NR8383; D: Effect of TCDCA (10-4 mol/L) on Ca2+ in NR838; 
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Fig. 4(C):  Effect of TCDCA on the protein production of CaM in TGR5-NR8383, 2. 
10-4 mol/L CDCA; 3. 10-5 mol/L TCDCA; 4. 10-6mol/L TCDCA; 5. 2-APB 
control;6. 2-APB+10-4 mol/L TCDCA; 7. 2-APB+10-5 mol/L TCDCA; 8.2-
APB+10-6 mol/L TCDCA.

Fig. 4(A):  Effect of TCDCA on CaM mRNA expression in NR8383 and 
TGR5-NR8383;

Fig. 4(B):  Effect of TCDCA on the protein production of CaM in NR8383. 1. con-
trol, 2. 10-4 mol/L TCDCA; 3.10-5 mol/L TCDCA; 4. 10-6 mol/L
TCDCA; 5. 2-APB control; 6. 2-APB+10-4 mol/L TCDCA; 7. 
2-APB+10-5 mol/L
TCDCA; 8. 2-APB+10-6 mol/L TCDCA

Fig. 3(C)  The effect of TCDCA on Ca2+ production in NR8383 and TGR5-NR8383. 
Untreated cells were used as negative control. *P<0.05 and **P<0.01 vs. 
control.# P<0.05 and ## P<0.01 vs.TGR5-NR8383 or NR8383.

Fig. 3 (B)  A: Effect of DMEM on Ca2+ inTGR5-NR8383; B: Effect of TCDCA 
(10-6 mol/L) on Ca 2+ in TGR5-NR8383; C: The effect of TCDCA (10-5 
mol/L) on Ca2+ in TGR5- NR8383; D: The effect of TCDCA (10-4 
mol/L) on Ca2+ in TGR5-NR8383; 

cells. Whether NR8383 cells have ryanodine receptors and whether 
these receptors drive Ca2+ signalling are our next targets.
Calmodulin, a 16.7 kDa protein found in all eukaryotic cells, has 
been extensively studied as a primary Ca2+-binding protein (Fok et 
al. 2008). CaM mediates various processes, including inflamma-
tion, metabolism, apoptosis, cell motility, growth, and proliferation 
and the immune response (Fok et al. 2008). Our results showed that 
the expression of CaM was induced by TCDCA at concentrations 
ranging from 10-6 to10-4 mol/L. In addition, 2-APB exhibited a 
suppressive effect on TCDCA, stimulating the production of CaM.
Our study demonstrates that TCDCA has a stimulatory effect on 
Ca2+/CaM and that this process is mediated by the TGR5 signalling 
pathway. These findings may promote the investigation of TCDCA 
as a novel therapeutic agent for immunological treatment, which will 
be beneficial not only for increasing the added value and utilisation of 
animal bile but also for promoting advances in medicine and animal 
husbandry.

4. Experimental

 4.1. Reagents
TCDCA and 2-aminoethoxydiphenyl borate (2-APB) were purchased from Sigma 
(USA). TCDCA was dissolved in DMEM. The NR8383 cell line was purchased from 
the Shanghai Cell Bank of the Chinese Academy of Science. Fetal bovine serum 
(FBS) was purchased from ExCell Bio (Shanghai, China). Lipofectamine TW 2000 
was obtained from Invitrogen (USA). SYBR Prime Ex Taq TW II, Prime Script RT 
Master Mix and RNAiso Plus were acquired from TaKaRa (Dalian, China). Rabbit 
ant-rat TGR5 IgG and rabbit ant-rat CaM IgG antibodies were purchased from Abcam 
(USA); goat anti-rabbit IgG and goat anti-mouse IgG (Gaitherburg, USA); and PCMV-
TGR5 was constructed in our laboratory. ELISA kits for inositol 1,4,5-triphosphate 
were purchased from Blue Gene (Shanghai, China). Fluo-3 AM was obtained from 
Beyotime Institute of Biotechnology (China).

4.2. Cell culture and transfection
NR8383 cells were grown in Dulbecco’s modified Eagle’s medium (DMEM) 
containing 10% fetal bovine serum (FBS) in a humidified atmosphere with 5% CO2 
at 37 °C (Chen et al. 2013; Kerecman et al. 2008). Cells were transiently transfected 
with PCMV-TGR5 (Lin-kai et al. 2014) using Lipofectamine TW 2000 and were 
examined after 48 h (Lane et al. 1998).

4.3. qPCR assay for TGR5 and CaM gene expression in cells 
qPCR analysis was performed to assess TGR5 and CaM gene expression in the 
cells (Keitel et al. 2007; Levy et al. 2004). Total cellular RNA was extracted using 
TRNAiso Plus, and OD260/280ratios were calculated and agarose gel electrophoresis 
was performed to ensure that the RNA quality was adequate. cDNA synthesis was 
performed using PrimeScript RT MasterMix. All primers were synthesised by TaKaRa 
Biotechnology (China). The primer sequences are shown in the Table. Relative gene 
expression levels corrected for β-actin expression were calculated based on the Ct values 
according to the following equation: 2 −ΔCt [ΔCt=Ct (TGR5 or CaM)-Ct (β-actin)]. 

4.4. Measurement of TGR5 and CaM protein expression in cells 
The TGR5 and CaM protein expression levels in the cells were measured by western 
blotting (Poole et al. 2010). Proteins were separated by 10% SDS-PAGE and transferred 
to nitrocellulose filter membranes (Amersham, USA). The membranes were washed 
and incubated for 1 h at room temperature with blocking buffer and were then probed 
with a TGR5 rabbit anti-rat TGR5 IgG or rabbit anti-rat CaM IgG antibody overnight at 
4 °C. Then, the membranes were incubated for 1 h with secondary antibodies. Protein 
loading was normalised using β-actin staining. Bands were visualised using ECL.
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4.5. Measurement of IP
3
 concentrations in cells

The concentrations of IP
3
 in NR8383 and TGR5-NR8383 cells were measured by 

ELISA according to the manufacturer’s instructions (Di Tomo et al. 2013).

4.6. Measurement of Ca2+ concentrations in cells
The concentrations of Ca2+ in NR8383 and TGR5-NR8383 cells were measured by 
Fluo-3 AM according to the manufacturer’s instructions.

4.7. Statistical analysis
Statistical analysis was performed using SPSS software. The significance of differ-
ences between the control and experimental groups was determined by one-way 
ANOVA analysis. P< 0.01 was considered highly significant, and P< 0.05 was consid-
ered significant.

Acknowledgement: This research was supported by National Science Foundation of 
China (No. 31160518).

References
Berridge MJ (1993) Inositol trisphosphate and calcium signalling. Nature 6410: 

315-325.
Berridge MJ, Bootman MD, Lipp P (1998) Calcium -- a life and death signal. Nature 

6703: 645-645.
Bunnett NW (2014) Neurohumoral signalling by bile acids and the TGR5 receptor in 

the gastrointestinal tract. J Physiol 14: 2943-2950.
Chen J, Zhao X, Ye Y, Wang Y, Tian J (2013) Estrogen receptor Beta-mediated 

proliferative inhibition and apoptosis in human breast cancer by calycosin and 
formononetin. Cell Physiol Biochem 6: 1790-1797.

Choe Cu, Ehrlich BE (2006) The inositol 1,4,5-trisphosphate receptor (IP3R) and its 
regulators: sometimes good and sometimes bad teamwork. Sci STKE 363: re15.

Clapham DE (2007) Calcium signaling. Cell 6: 1047-1058.
Devor D, Sekar M, Frizell R, Duffey M (1993) Taurodeoxycholate activates potas-

sium and chloride conductances via an IP3-mediated release of calcium form intra-
cellular stores in a colonic cell-line (T84). J Clin Invest 5: 2173-2181.

Di Tomo P, Pipino C, Lanuti P, Morabito C, Pierdomenico L, Sirolli V, Bonomini M, 
Miscia S, Mariggiò M A, Marchisio M, Barboni B, Pandolfi A (2013) Calcium 
sensing receptor expression in ovine amniotic fluid mesenchymal stem cells and 
the potential role of R-568 during osteogenic differentiation. PLoS One 9: e73816.

Feske S (2007) Calcium signalling in lymphocyte activation and disease. Nat Rev 
Immunol 9: 690-702.

Fok AK, Aihara MS, Ishida M, Allen RD (2008) Calmodulin localization and its 
effects on endocytic and phagocytic membrane trafficking in Paramecium multi-
micronucleatum. J Eukaryot Microbiol 6: 481-491.

Hook SS, Means AR (2001) Ca2+/CaM-Dependent kinases: from activation to func-
tion. Annu Rev Pharmacol Toxicol 41: 471-505.

Husain SZ, Orabi AI, Muili KA, Luo Y, Sarwar S, Mahmood SM, Wang D, Choo-
Wing R, Singh VP, Parness J, Ananthanaravanan M, Bhari V, Perides G (2012) 
Ryanodine receptors contribute to bile acid-induced pathological calcium signaling 
and pancreatitis in mice. Am J Physiol Gastrointest Liver Physiol 12: 1423-1433.

Jensen DD, Godfrey B, Niklas C, Canals M, Kocan M, Poole DP, Murphy JE, Alemi F, 
Cottrell GS, Korbmacher C, Lambert NA, Bunnett NW, Corvera CU (2013) The bile 

acid receptor TGR5 does not interact with beta-arrestins or traffic to endosomes but 
transmits sustained signals from plasma membrane rafts. J Biol Chem 32: 22942-60.

Lane KB, Egan B, Vick S, Abdolrasulnia R, Shepherd VL (1998) Characterization of 
a rat alveolar macrophage cell line that expresses a functional mannose receptor. J 
Leukoc Biol 3: 345-350.

Keitel V, Reinehr R, Gatsios P, Rupprecht C,  Görg B, Selbach O, Häussinger D, 
Kubitz R (2007) The G-protein coupled bile salt receptor TGR5 is expressed in 
liver sinusoidal endothelial cells. Hepatology 3: 695-704.

Kerecman J, Mustafa SB, Vasquez MM, Dixon PS, Castro R. (2008) Immunosup-
pressive properties of surfactant in alveolar macrophage NR8383. Inflamm Res 3: 
118-125.

Kida T, Tsubosaka Y, Hori M, Ozaki H, Murata T (2013) Bile acid receptor TGR5 
agonism induces NO production and reduces monocyte adhesion in vascular endo-
thelial vells. Arterioscler Thromb Vasc Biol 7: 1663-1669.

Kumar V, Chichili VPR, Tang X, Sivaraman J (2013) A novel trans conformation of 
ligand-free calmodulin. PLoS One 1: 1-6.

Levy J, Bres C, Ceurts R, Chalhoub B, Kulikova O, Duc G, Journet EP, Ane JM, 
Lauber E, Bisseling T, Denarie J, Rosenberg C, Debelle F (2004) A putative 
Ca(2+) and calmodulin-dependent protein kinase required for bacterial and fungal 
symbioses. Science 5662: 1361-1364.

Li L, Liu C, Liu M, Shi L, Liu Q, Guan H, Li P (2013) Taurochenodeoxycholic acid 
induces apoptosis of fibroblast-like synoviocytes. Eur J Pharmacol 1-3: 36-40.

Linkai S, Qian L, Zi-ying Z, Chang L, Xu-dong W, Yue-xia D, Pei-feng L (2014) 
Construction of bile acid receptor TGR5 eukaryotic expression vector and its 
expression in cell. China Animal Husbandry Vet J 5: 17-22. 

Liu M, Mao W, Guan H, Li L, Wei B, Li P (2011) Effects of taurochenodeoxycholic 
acid on adjuvant arthritis in rats. Int Immunopharmacol 12: 2150-2158.

Mak DOD, Foskett JK (2015) Inositol 1,4,5-trisphosphate receptors in the endo-
plasmic reticulum: A single-channel point of view. Cell Calcium 1: 67-78.

Mikoshiba K (2015) Role of IP
3
 receptor signaling in cell functions and diseases. Adv 

Biol Regul 57: 217-227.
Moser AJ, Karam JA, Giurgiu DI, Weber PA, Abedin ZR, Roslyn JJ, Abedin MZ 

(1998) Elevated biliary calmodulin during gallstone formation: the role of bile 
acids. Dig Dis Sci 1: 170-177.

Pols TW, Nomura M, Harach T, Lo Sasso G, Oosterveer MH, Thomas C, Rizzo G, 
Gioiello A, Adorini L, Pellicciari R, Auwerx J, Schoonjans K (2011) TGR5 acti-
vation inhibits atherosclerosis by reducing macrophage inflammation and lipid 
loading. Cell Metab 6: 747-757.

Poole DP, Godfrey C, Cattaruzza F, Cottrell GS, Kirkland JG, Pelayo JC, Bunnett NW, 
Corvera CU (2010) Expression and function of the bile acid receptor GpBAR1 
(TGR5) in the murine enteric nervous system. Neurogastroenterol Motil 7: 814-e228

Putney JW Jr, Bird GS (1993) The inositol phosphate-calcium signaling system in 
nonexcitable cells. Endocr Rev 5: 610-631.

Tamashiro H, Yoshino M (2014) Involvement of plasma membrane Ca(2+) channels, 
IP3 receptors, and ryanodine receptors in the generation of spontaneous rhythmic 
contractions of the cricket lateral oviduct. J Insect Physiol 71: 97-104.

Wang C, Li L, Guan H, Tong S, Liu M, Liu C, Zhang Z, Du C, Li P (2013) Effects of 
taurocholic acid on immunoregulation in mice. Int Immunopharmacol 2: 217-222.

Wang YD, Chen WD, Yu D, Forman BM, Huang W (2011) The G-Protein-coupled 
bile acid receptor, Gpbar1 (TGR5), negatively regulates hepatic inflammatory 
response through antagonizing nuclear factor kappa light-chain enhancer of acti-
vated B cells (NF-kappaB) in mice. Hepatology 4: 1421-1432.

 Table: The sequence of primer

Primer Amplified  Products size Sequence

β-Actin 150 bp Sense: 5’-GGAGATTACTGCCCTGGCTCCTA-’3

Antisense: 5’-GACTCATCGTACTCCTGCTTGCTG-’3
TGR5 92 bp Sense: 5′- AAAGGTGGCTACAAGTGCTTC-3′

Antisense: 5′- TTCAAGTCCAAGTCGTGCTG-3′
CaM 84 bp Sense: 5’- AGCGAGTCGAGTGGTTGTCTGTT-3’

Antisense: 5’-CGATCTGCTCTTCAGTCAGTTGGT-3’


