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Genipin is a protein cross-linking agent extracted from Gardenia (Gardenia jasminoides Ellis) fruits. This fruit has

conventionally been used as a Chinese herbal medicine for the treatment of inflammation and jaundice and as an

edible colorant in oriental countries. Uncoupling protein (UCP)-2 is a member of the family of uncoupling proteins,

which are anion transporters positioned in the mitochondrial inner membrane. Genipin has been shown to have

hepatoprotective activity, acting as an effective antioxidant and inhibitor of mitochondrial UCP2, and is also

reported to exert significant anticancer effects.
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1. Effects of Genipin on Breast Cancer

Genipin inhibits the growing of cisplatin and tamoxifen-sensitive MCF-7 and T47D breast cancer cells by inhibiting

UCP2 and inducing apoptosis and autophagy. The authors stated that UCP2 could be a therapeutic target in breast

cancer patients treated with tamoxifen . In another study, genipin modulated glucose metabolism and

mitochondrial function in T47D breast cancer cells . In this research, FDG uptake, glycolytic flux and

mitochondrial oxidative respiration were repressed by genipin. . In highly invasive triple-negative breast cancer

MDA MB-231 cells, genipin induced apoptosis and repressed invasion and migration .

UCP2 over-expression also stimulates the growth of tumors in orthotopic xenograft models. MCF7-parental or

MCF7-UCP2 over-expressing cells were inoculated orthotopically into the mammary fat pad of female nude mice

two days after subcutaneous implantation of 17β-estradiol pellets. Tumor size was significantly greater in MCF-7-

UCP2 over-expressing cells compared to MCF-7 parental cells .

In a recent study, a HER2-positive BT474 cell line showed that trastuzumab treatment induced the phosphorylation

of HER2 and the overexpression of UCP2, and that the latter could be reversed by HER2 selective kinase inhibitor

ONT-380. Moreover, UCP2 inhibitor genipin significantly enhanced the proliferation suppression effects of

trastuzumab and markedly promoted apoptosis .

2. Effects of Genipin on Gastrointestinal Cancers

In AGS human gastric cancer cells, genipin repressed cell growth and induced caspase-3-dependent apoptosis 

. Genipin also reduced the p53-independent early growth response-1 (Egr1)/p21 signaling pathway in a

concentration-dependent manner . In a study by Kim et al., it was determined that genipin at low doses brought
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nuclear factor-erythroid-2-related factor 2 (Nrf2), upregulated glutathione peroxidase, and reduced the ROS levels.

However, at high doses, genipin induced cytotoxicity in the AGS cell line .

In Epstein–Barr virus (EBV)-associated gastric cancer SNU719 cells, genipin showed significant cytotoxicity,

induced methylation on EBV C promoter and tumor suppressor gene BCL7A, arrested cell-cycle progress (S

phases), upregulated EBV latent/lytic genes, stimulated EBV progeny production, activated EBV F promoter for

EBV lytic activation, and suppressed EBV infection .

Genipin either alone or in combination with cisplatin inhibited HCT-116 colon cancer growth by suppressing UCP2-

mediated proton leaks, promoted reactive oxygen species (ROS) formation, and sensitized cells to cisplatin .

3. Effects of Genipin on Hepatic Cancers

In Hep3B hepatocellular carcinoma (HCC) cells, genipin induced apoptosis through NADPH oxidase-ROS-cJUN

NH2-terminal kinase (JNK)-dependent activation of the mitochondrial apoptotic pathway . In HepG2 and

MHCC97L metastatic HCC cells, genipin treatment constrained the cellular growth and proliferation, invasion, and

migration by the inhibition of MMP-2 . Additionally, the anti-metastatic properties of genipin have also been

investigated in in vivo models. Mice with orthotopic implantation of HCC demonstrated significant tumor size

reduction without any significant change in body weight. The dissected hepatic tissue showed obvious tumor cell

invasion into blood vessels in the control mice, whereas no potent intrahepatic vascular invasion was observed in

the genipin-treated mice . In another orthotopic HCC-implantation mouse model, oral administration of genipin

significantly diminished tumor size without any obvious toxic pathologic change of lung, kidney and gastrointestinal

tracts .

In addition, the numbers of CD31- and Ki67-positive cells within HCC were decreased significantly, implying

inhibitory effects of genipin on angiogenesis and cellular proliferation of cancers. Furthermore, penetration of

tumor-associated macrophages (TAMs) was repressed by genipin usage, which was due to its role in inactivation

of inositol-requiring 1alpha (IRE1α) proteins existing on TAMs. As IRE1α brings activation of nuclear factor kappa B

(NF-κB) signaling and xbox binding protein (XBP) silencing, the administration of genipin reduces inflammation in

the HCC microenvironment .

In HCC cells, genipin suppresses STAT3 phosphorylation and nuclear translocation, which might be attributed to

the binding capacity of this compound to the Src homology-2 (SH2) domain of STAT3. In addition, the therapeutic

effects of genipin in a patient-derived HCC xenograft nude mice model were demonstrated .

4. Effects of Genipin on Pancreatic Cancer

Interestingly, Pozza et al. revealed that UCP2 inhibition by either genipin or UCP2-specific siRNA synergistically

reversed gemcitabine resistance, enhanced the activity of gemcitabine, and induced apoptosis of pancreatic

cancer cells . In this research, the role of UCP2 was linked for the first time to the development of chemotherapy
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resistance to gemcitabine. Therefore, UCP2 can be a potential biomarker for cancer resistance . In pancreatic

adenocarcinoma cells, genipin or UCP2 siRNA repressed cell proliferation, induced nuclear translocation of the

glycolytic enzyme glyceraldehyde-3-phosphate dehydrogenase (GAPDH), and increased the expression of the

autophagic marker LC3-II and autophagosomes. In addition, genipin potentiated the cytotoxic activity of

gemcitabine and induced autophagic cell death .

In another study using pancreatic cell lines, 19 proteins were recognized as differentially expressed in Panc1 and

PaCa44 cells by 2D gel electrophoresis after genipin treatment. Interestingly, UCP2 sensitized pancreatic cancer

cells to the glycolytic inhibitor 2-deoxy-D-glucose, and cell growth inhibition by genipin was reversed in cells

transfected with siUCP2 .

5. Effects of Genipin on Hematologic Malignancies

Genipin was reported to abrogate the STAT3 pathway in multiple myeloma and lymphoma cells through the

upregulation of Src homology2 domain-containing phosphatase 1 (SHP-1), the endogenous inhibitor of STAT3 

. Genipin was also identified to downregulate STAT3-regulated gene products like Bcl-2, Bcl-xL, surviving,

cyclin D1, and vascular endothelial growth factor, and induce apoptosis in U266, U937, and MM1S cells.

Furthermore, genipin increased the cytotoxic effect of the standard chemotherapeutic agents, such as bortezomib,

thalidomide, and paclitaxel in U266 myeloma cells .

Genipin inhibited cellular proliferation of K562 leukemia cells by the activation of caspase-3 and G2/M phase cell

cycle arrest . In another report, genipin sensitized HL-60/MX2 multidrug-resistant leukemia cells to

chemotherapeutic agents such as doxorubicin and epirubicin .

In a recent study, novel bacterial magnetic nanoparticles holding genipin, cytosine arabinoside (Ara-C), and poly-l-

glutamic acid (PLGA) inhibited the growth of HL-60 leukemia cells and brought rapid cell death . In another

recent study by Long et al., genipin was mixed with poly-l-glutamic acid (PLGA) as dual crosslinkers, to which

cytosine arabinoside and daunorubicin were appended to produce genipin-PLGA-modified bacterial

magnetosomes. When the drug-loaded magnetosomes were administered to an in vitro model of HL-60 leukemia

cells, the nanoparticles showed a potent cytotoxic effect with an inhibition rate of 96% .

6. Effects of Genipin on Lung Cancer

In non-small cell lung cancer H1299 cells, genipin dose-dependently induced apoptosis was related to a rise in

caspase-3 and caspase-9, cytochrome c, and Bax/Bcl-2 ratio . In a urethane-induced carcinogenesis animal

model, the administration of 50 mg/kg genipin for eight weeks significantly decreased the incidence of pulmonary

adenoma from 100% to 60% and 45% in BALB/c and C57BL/6 mice, respectively. Additionally, fewer tumors were

observed in the lungs of the mice . The effect of genipin could be associated to its targeting of UCP2, as

demonstrated by reduced UCP staining observed in the histopathological analysis of lung tissues, supplemented

by reduced complex IV (cytochrome c oxidase) staining . In another study, optimized gemcitabine (Gem)-loaded
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gelatin nanocarriers (GNCs) crosslinked with genipin (Gem-GNCs) showed selective cytotoxicity to H460 lung

cancer cells but revealed lower cytotoxicity in A549 lung cancer cells . In another study using A549 cells, genipin

treatment reduced glucose consumption, increased ROS production, and decreased cellular survival. Combining

genipin and elesclomol, an investigational drug that exerts potent anticancer activity through an increase in ROS,

and a further reduction in glucose uptake and increased cellular and mitochondrial ROS production were observed.

Co-treatment with genipin and elesclomol reduced colony forming capacity and cell survival. Suppression of cell

survival by treatment with elesclomol and genipin was enhanced in the presence of an exogenous ROS inducer

and attenuated by an ROS scavenger. The cytotoxic effects of combined genipin and elesclomol were

accompanied by reduced mitochondrial membrane potential and occurred through apoptosis as demonstrated by

the Annexin V assay and increased protein cleavage of PARP and caspase-3. In an A549 xenograft mouse model,

tumor growth was only modestly retarded by treatment with elesclomol or genipin alone, but was markedly

suppressed by the combination of the two drugs .

7. Effects of Genipin on Head and Neck Cancers

Wei et al. reported that genipin suppressed cell growth and induced apoptosis of human oral cancer cell lines.

Genipin treatment upregulated the protein levels of Beclin1 and LC3II and downregulated the protein level of P62.

After co-incubation with 3-MA, a kind of autophagy inhibitor, the autophagy process was lessened compared with

treatment with genipin alone. Furthermore, genipin also reduced the expression of p-PI3K, p-AKT, and p-mTOR. In

vivo experimentation showed that genipin significantly reduced tumor size and weight. The positive expression rate

of Ki67 protein detected by immunohistochemistry was decreased, and the number of apoptotic cells measured by

TUNEL assay was increased .

8. Effects of Genipin on Brain Tumors

In a study using U87MG and A172 glioblastoma cells, genipin moderately reduced the metabolic activity of both

cell lines in a dose- and time-dependent manner. The viable cell count and colony formation ability decreased in

the treated group in a concentration-dependent manner. Genipin induced apoptosis of glioblastoma cells in annexin

V/PI staining assay. After genipin treatment, the expression of UCP2 and Bcl-2 was downregulated and the

expression of Bax, Bak, Bik, and Cytochrome c was upregulated. The authors suggested that genipin significantly

reduced the transcriptional expression of anti-apoptotic Bcl2 family members, while inducing the transcriptional

expression of pro-apoptotic Bcl2 family members .

Zhong et al. reported that, in prolactinoma cells, genipin upregulated the expression levels of EGR1 and p21 (a

downstream mediator of EGR1), with EGR1 inhibiting the proliferation, migration, and induction of prolactinoma cell

apoptosis .

9. Effects of Genipin on Urologic Malignancies
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Genipin was shown to inhibit proliferation of androgen-independent PC-3 prostate cells by suppressing UCP2,

intracellular pyruvic acid, and mitochondrial succinate dehydrogenase .

In another study, Hong et al. stated that genipin roused mixed lineage kinase 3 (MLK3) expression in PC-3 prostate

cancer cells. Furthermore, genipin-induced apoptosis was facilitated by ROS-dependent MLK3 activation .

In T24 and 5637 human bladder cancer cells, genipin-treated cells exhibited cell cycle arrest at the G0/G1-phase, a

significant increase in the proportion of apoptotic cells, loss of MMP and Bax translocation to the mitochondria, and

release of cytochrome c to the cytosol. Additionally, genipin treatment significantly reduced the phosphorylation of

PI3K and Akt, significantly repressed the viability and clonogenic growing of T24 and 5637 bladder cancer cells,

and inhibited the growth of T24 xenograft tumors .

10. Effects of Genipin on Gynecologic Malignancies

In human uterine cervix cancer HeLa cells, genipin inhibited cell proliferation and induced apoptosis dose-

dependently. Apoptosis was confirmed by increase in DNA fragmentation, sub-G1 cell population, and p53 and Bax

protein levels after treatment with genipin .

UCP2 expression in human cervical cancer cells and human ovarian serous carcinoma cells was inhibited by

genipin, which it significantly augmented cisplatin sensitivity when UCP2 was repressed in vitro .

De Clercq et al. reported on the anticancer efficacy of paclitaxel-loaded genipin-crosslinked gelatin microspheres

(PTX-GP-MS) for the treatment of microscopic peritoneal carcinomatosis and prevention of recurrent disease. The

anticancer efficacies of IP PTX-GP-MS (PTXEtOH-GP-MS, D = 7.5 mg PTX/kg; PTXnano-GP-MS D = 7.5 and 35

mg PTX/kg), IP nanoparticular albumin-bound PTX (D = 35 mg PTX/kg), and controls (0.9% NaCl, blank GP-MS)

were assessed in a xenograft mouse model with microscopic peritoneal carcinomatosis. PTXnano-GP-MS

exhibited superior anticancer efficacy with significantly increased survival time and a decreased peritoneal

carcinomatosis index score and ascites incidence .

References

1. Pons, D.G.; Nadal-Serrano, M.; Torrens-Mas, M.; Valle, A.; Oliver, J.; Roca, P. UCP2 inhibition
sensitizes breast cancer cells to therapeutic agents by increasing oxidative stress. Free Radic.
Biol. Med. 2015, 86, 67–77.

2. Cho, Y.S.; Lee, J.H.; Jung, K.H.; Park, J.W.; Moon, S.H.; Choe, Y.S.; Lee, K.H. Molecular
mechanism of (18)F-FDG uptake reduction induced by genipin in T47D cancer cell and role of
uncoupling protein-2 in cancer cell glucose metabolism. Nucl. Med. Biol. 2016, 43, 587–592.

[33]

[34]

[35]

[36]

[37][38]

[39][40]



Effects of Genipin on Various Cancers | Encyclopedia.pub

https://encyclopedia.pub/entry/23417 6/9

3. Kim, E.S.; Jeong, C.S.; Moon, A. Genipin, a constituent of Gardenia jasminoides Ellis, induces
apoptosis and inhibits invasion in MDA-MB-231 breast cancer cells. Oncol. Rep. 2012, 27, 567–
572.

4. Ayyasamy, V.; Owens, K.M.; Desouki, M.M.; Liang, P.; Bakin, A.; Thangaraj, K.; Buchsbaum, D.J.;
LoBuglio, A.F.; Singh, K.K. Cellular model of Warburg effect identifies tumor promoting function of
UCP2 in breast cancer and its suppression by genipin. PLoS ONE 2011, 6, e24792.

5. Hua, J.; Zhang, Z.; Zhang, L.; Sun, Y.; Yuan, Y. UCP-2 inhibitor enhanced the efficacy of
trastuzumab against HER2 positive breast cancer cells. Cancer Chemother. Pharmacol. 2021, 88,
633–642.

6. Ko, H.; Kim, J.M.; Kim, S.J.; Shim, S.H.; Ha, C.H.; Chang, H.I. Induction of apoptosis by genipin
inhibits cell proliferation in AGS human gastric cancer cells via Egr1/p21 signaling pathway.
Bioorg. Med. Chem. Lett. 2015, 25, 4191–4196.

7. Lee, J.H.; Lee, D.U.; Jeong, C.S. Gardenia jasminoides Ellis ethanol extract and its constituents
reduce the risks of gastritis and reverse gastric lesions in rats. Food Chem. Toxicol. 2009, 47,
1127–1131.

8. Kim, J.M.; Ko, H.; Kim, S.J.; Shim, S.H.; Ha, C.H.; Chang, H.I. Chemopreventive Properties of
Genipin on AGS Cell Line via Induction of JNK/Nrf2/ARE Signaling Pathway. J. Biochem. Mol.
Toxicol. 2016, 30, 45–54.

9. Son, M.; Lee, M.; Ryu, E.; Moon, A.; Jeong, C.S.; Jung, Y.W.; Park, G.H.; Sung, G.H.; Cho, H.;
Kang, H. Genipin as a novel chemical activator of EBV lytic cycle. J. Microbiol. 2015, 53, 155–
165.

10. Wang, R.; MoYung, K.C.; Zhao, Y.J.; Poon, K. A Mechanism for the Temporal Potentiation of
Genipin to the Cytotoxicity of Cisplatin in Colon Cancer Cells. Int. J. Med. Sci. 2016, 13, 507–516.

11. Kim, B.C.; Kim, H.G.; Lee, S.A.; Lim, S.; Park, E.H.; Kim, S.J.; Lim, C.J. Genipin-induced
apoptosis in hepatoma cells is mediated by reactive oxygen species/c-Jun NH2-terminal kinase-
dependent activation of mitochondrial pathway. Biochem. Pharmacol. 2005, 70, 1398–1407.

12. Wang, N.; Zhu, M.; Tsao, S.W.; Man, K.; Zhang, Z.; Feng, Y. Up-regulation of TIMP-1 by genipin
inhibits MMP-2 activities and suppresses the metastatic potential of human hepatocellular
carcinoma. PLoS ONE 2012, 7, e46318.

13. Tan, H.Y.; Wang, N.; Tsao, S.W.; Che, C.M.; Yuen, M.F.; Feng, Y. IRE1alpha inhibition by natural
compound genipin on tumour associated macrophages reduces growth of hepatocellular
carcinoma. Oncotarget 2016, 7, 43792–43804.

14. Hong, M.; Lee, S.; Clayton, J.; Yake, W.; Li, J. Genipin suppression of growth and metastasis in
hepatocellular carcinoma through blocking activation of STAT-3. J. Exp. Clin. Cancer Res. 2020,
39, 146.



Effects of Genipin on Various Cancers | Encyclopedia.pub

https://encyclopedia.pub/entry/23417 7/9

15. Dalla Pozza, E.; Fiorini, C.; Dando, I.; Menegazzi, M.; Sgarbossa, A.; Costanzo, C.; Palmieri, M.;
Donadelli, M. Role of mitochondrial uncoupling protein 2 in cancer cell resistance to gemcitabine.
Biochim. Biophys. Acta 2012, 1823, 1856–1863.

16. Dando, I.; Fiorini, C.; Pozza, E.D.; Padroni, C.; Costanzo, C.; Palmieri, M.; Donadelli, M. UCP2
inhibition triggers ROS-dependent nuclear translocation of GAPDH and autophagic cell death in
pancreatic adenocarcinoma cells. Biochim. Biophys. Acta 2013, 1833, 672–679.

17. Brandi, J.; Cecconi, D.; Cordani, M.; Torrens-Mas, M.; Pacchiana, R.; Dalla Pozza, E.; Butera, G.;
Manfredi, M.; Marengo, E.; Oliver, J.; et al. The antioxidant uncoupling protein 2 stimulates
hnRNPA2/B1, GLUT1 and PKM2 expression and sensitizes pancreas cancer cells to glycolysis
inhibition. Free Radic. Biol. Med. 2016, 101, 305–316.

18. Lee, J.C.; Ahn, K.S.; Jeong, S.J.; Jung, J.H.; Kwon, T.R.; Rhee, Y.H.; Kim, S.H.; Kim, S.Y.; Yoon,
H.J.; Zhu, S.; et al. Signal transducer and activator of transcription 3 pathway mediates genipin-
induced apoptosis in U266 multiple myeloma cells. J. Cell Biochem. 2011, 112, 1552–1562.

19. Chai, E.Z.; Siveen, K.S.; Shanmugam, M.K.; Arfuso, F.; Sethi, G. Analysis of the intricate
relationship between chronic inflammation and cancer. Biochem. J. 2015, 468, 1–15.

20. Chai, E.Z.; Shanmugam, M.K.; Arfuso, F.; Dharmarajan, A.; Wang, C.; Kumar, A.P.; Samy, R.P.;
Lim, L.H.; Wang, L.; Goh, B.C.; et al. Targeting transcription factor STAT3 for cancer prevention
and therapy. Pharmacol. Ther. 2016, 162, 86–97.

21. Siveen, K.S.; Sikka, S.; Surana, R.; Dai, X.; Zhang, J.; Kumar, A.P.; Tan, B.K.; Sethi, G.;
Bishayee, A. Targeting the STAT3 signaling pathway in cancer: Role of synthetic and natural
inhibitors. Biochim. Biophys. Acta 2014, 1845, 136–154.

22. Feng, Q.; Cao, H.L.; Xu, W.; Li, X.R.; Ren, Y.Q.; Du, L.F. Apoptosis induced by genipin in human
leukemia K562 cells: Involvement of c-Jun N-terminal kinase in G(2)/M arrest. Acta Pharmacol.
Sin. 2011, 32, 519–527.

23. Mailloux, R.J.; Adjeitey, C.N.; Harper, M.E. Genipin-induced inhibition of uncoupling protein-2
sensitizes drug-resistant cancer cells to cytotoxic agents. PLoS ONE 2010, 5, e13289.

24. Liu, Y.G.; Dai, Q.L.; Wang, S.B.; Deng, Q.J.; Wu, W.G.; Chen, A.Z. Preparation and in vitro
antitumor effects of cytosine arabinoside-loaded genipin-poly-l-glutamic acid-modified bacterial
magnetosomes. Int. J. Nanomed. 2015, 10, 1387–1397.

25. Long, R.; Liu, Y.; Dai, Q.; Wang, S.; Deng, Q.; Zhou, X. A Natural Bacterium-Produced
Membrane-Bound Nanocarrier for Drug Combination Therapy. Materials 2016, 9, 889.

26. Yang, X.; Yao, J.; Luo, Y.; Han, Y.; Wang, Z.; Du, L. P38 MAP kinase mediates apoptosis after
genipin treatment in non-small-cell lung cancer H1299 cells via a mitochondrial apoptotic
cascade. J. Pharmacol. Sci. 2013, 121, 272–281.



Effects of Genipin on Various Cancers | Encyclopedia.pub

https://encyclopedia.pub/entry/23417 8/9

27. Du, G.; Sun, T.; Zhang, Y.; Lin, H.; Li, J.; Liu, W.; Wang, Y.; Zhao, B.; Li, H.; Liu, Y. The
mitochondrial dysfunction plays an important role in urethane-induced lung carcinogenesis. Eur. J.
Pharmacol. 2013, 715, 395–404.

28. Youngren-Ortiz, S.R.; Hill, D.B.; Hoffmann, P.R.; Morris, K.R.; Barrett, E.G.; Forest, M.G.;
Chougule, M.B. Development of Optimized, Inhalable, Gemcitabine-Loaded Gelatin Nanocarriers
for Lung Cancer. J. Aerosol. Med. Pulm. Drug Deliv. 2017, 30, 299–321.

29. Lee, J.H.; Cho, Y.S.; Jung, K.H.; Park, J.W.; Lee, K.H. Genipin enhances the antitumor effect of
elesclomol in A549 lung cancer cells by blocking uncoupling protein-2 and stimulating reactive
oxygen species production. Oncol. Lett. 2020, 20, 374.

30. Wei, M.; Wu, Y.; Liu, H.; Xie, C. Genipin Induces Autophagy and Suppresses Cell Growth of Oral
Squamous Cell Carcinoma via PI3K/AKT/MTOR Pathway. Drug Des. Dev. Ther. 2020, 14, 395–
405.

31. Ahani, N.; Sangtarash, M.H.; Houshmand, M.; Eskandani, M.A. Genipin induces cell death via
intrinsic apoptosis pathways in human glioblastoma cells. J. Cell Biochem. 2018, 120, 2047–
2057.

32. Zhong, S.; Wu, B.; Wang, X.; Sun, D.; Liu, D.; Jiang, S.; Ge, J.; Zhang, Y.; Liu, X.; Zhou, X.; et al.
Identification of driver genes and key pathways of prolactinoma predicts the therapeutic effect of
genipin. Mol. Med. Rep. 2019, 20, 2712–2724.

33. Yao, M.L.; Gu, J.; Zhang, Y.C.; Wang, N.; Zhu, Z.H.; Yang, Q.T.; Liu, M.; Xia, J.F. Inhibitory effect
of Genipin on uncoupling protein-2 and energy metabolism of androgen-independent prostate
cancer cells. Zhonghua Nan Ke Xue 2015, 21, 973–976.

34. Hong, H.Y.; Kim, B.C. Mixed lineage kinase 3 connects reactive oxygen species to c-Jun NH2-
terminal kinase-induced mitochondrial apoptosis in genipin-treated PC3 human prostate cancer
cells. Biochem. Biophys. Res. Commun. 2007, 362, 307–312.

35. Li, Z.; Zhang, T.B.; Jia, D.H.; Sun, W.Q.; Wang, C.L.; Gu, A.Z.; Yang, X.M. Genipin inhibits the
growth of human bladder cancer cells via inactivation of PI3K/Akt signaling. Oncol Lett. 2018, 15,
2619–2624.

36. Cao, H.; Feng, Q.; Xu, W.; Li, X.; Kang, Z.; Ren, Y.; Du, L. Genipin induced apoptosis associated
with activation of the c-Jun NH2-terminal kinase and p53 protein in HeLa cells. Biol. Pharm. Bull.
2010, 33, 1343–1348.

37. Imai, K.; Fukuda, T.; Wada, T.; Kawanishi, M.; Tasaka, R.; Yasui, T.; Sumi, T. UCP2 expression
may represent a predictive marker of neoadjuvant chemotherapy effectiveness for locally
advanced uterine cervical cancer. Oncol. Lett. 2017, 14, 951–957.

38. Kawanishi, M.; Fukuda, T.; Shimomura, M.; Inoue, Y.; Wada, T.; Tasaka, R.; Yasui, T.; Sumi, T.
Expression of UCP2 is associated with sensitivity to platinum-based chemotherapy for ovarian



Effects of Genipin on Various Cancers | Encyclopedia.pub

https://encyclopedia.pub/entry/23417 9/9

serous carcinoma. Oncol. Lett. 2018, 15, 9923–9928.

39. De Clercq, K.; Xie, F.; De Wever, O.; Descamps, B.; Hoorens, A.; Vermeulen, A.; Ceelen, W.;
Vervaet, C. Preclinical evaluation of local prolonged release of paclitaxel from gelatin
microspheres for the prevention of recurrence of peritoneal carcinomatosis in advanced ovarian
cancer. Sci. Rep. 2019, 9, 14881.

40. Xie, F.; De Clercq, K.; Vervaet, C.; Van Bocxlaer, J.; Colin, P.; Vermeulen, A. Model-based
analysis of treatment effects of paclitaxel microspheres in a microscopic peritoneal
carcinomatosis model in mice. Pharm Res. 2019, 36, 127.

Retrieved from https://encyclopedia.pub/entry/history/show/56490


