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of breast cancer cells with normal fibroblasts, cancer-associated fibroblasts and 
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ABSTRACT

Tumor microenvironment (TME) plays an important role on the progression and 
metastasis of tumors because of metabolic coupling and interaction between non-
malignant cells in the TME and cancer cells. We have investigated the role of cancer-
associated fibroblasts (CAF), normal fibroblasts (NF) and adipocytes on the growth of 
breast carcinoma cells in vitro. Additionally, the anti-glycolytic effects of supercritical 
CO  extract of mango ginger (Curcuma amada Roxb) (CA) on both conventional and 2

reverse Warburg effects were studied in the monocultures of CAF (CAF-05), NF (CCL-
110), adipocytes (HPAd) and breast cancer (MCF-7) cells and co-cultures of breast cancer 
cells with CAFs, NF and HPAd. CA was highly cytotoxic to CAF-05 and MCF-7 cell lines 
compared to CCL-110 and HPAd cell lines. CA inhibited ATP synthesis in monocultures 
and co-cultures, though the rate of inhibition is higher in co-cultures than MCF-7 
monoculture. Although non-malignant cell lines (CAF-05, CCL-110 and HPAd) have 
lower levels of lactate synthesis than MCF-7 cells, inhibitory effect of CA is more 
pronounced in co-cultures of MCF-7 with CAF-05, CCL110 and HPAd cells, 
respectively than MCF-7 cells alone. Gene expression  studies showed that although 
transcripts of glycolysis-associated genes HIF-1á, MCT1, MCT4, Caveolin-1 and 
GLUT1 were present in non-malignant monocultures, protein translation of these genes 
were absent. Treatment of co-cultures of MCF-7+CAF-05 and MCF-7+HPAd cells with 
supercritical CO  extract of mango ginger [Curcuma amada Roxb. (CA) - 5 g/ml] down 2

regulated MCT1, MCT4, and Caveolin-1 proteins. CA treatment also inhibited HIF-1á 
and GLUT1 protein expression in co-cultures of MCF-7+HPAd cells. These results 
indicate that CA inhibits both Warburg and reverse Warburg effects in TME.

ATP, adenosine triphosphate; CA, 
supercritical CO extract of mango 2 

ginger; CAA, cancer associated 
adipocytes; CAF, cancer associated 
fibroblasts; CAV-1, Caveolin-1, 
DMEM, Dulbecco's modified eagle 
medium; FBS, fetal bovine serum; 
GLUT1, glucose transporter 1; HIF-
1á, hypoxia inducible factor-1á;  
HPAd, human pre-adipocyte; LDD, 
E-labda-8(17),12diene-15,16 dial; 
MCT, mono-carboxylate transporter; 
MTT, 3-(4,5-Dimethyl thiazol-2-yl)-
2,5-diphenyltetrazolium bromide; 
NF, normal fibroblasts; PI3K, 
phospho-inositol-3 kinase; ROS, 
reactive oxygen species; SDS-PAGE, 
s o d i m  d o d e c y l  s u l f a t e -
polyacrylamide gel electrophoresis

1. INTRODUCTION intracellular transport of lactate occurs via specialized 
transporters known as mono-carboxylate transporters 

Otto Warburg (1956) demonstrated that metabolism of (MCTs). Moreover, the Warburg effect in cancer cells 
tumor cells differs from normal cell metabolism due to and the hypoxic state that is produced are supported by a 
the preferential use of aerobic glycolysis (Warburg variety of metabolic regulators and signaling pathways 
effect) for the production of energy in the form of i.e., phospho-inositol-3 kinase (PI3K), hypoxia-
adenosine triphosphate (ATP). Furthermore, enhanced inducible factor-1 (HIF-1), and c-MYC signaling 
glycolysis and high lactate production are important (Diedrich et al. 2015). Cancer associated fibroblasts 
hallmarks of tumor progression owing mainly to the (CAFs) are a group of specialized fibroblasts considered 
Warburg effect (Warburg and Wind 1927; Warburg 1956; to be the principal non-malignant stromal cell type within 
Hanahan and Weinberg 2011; Gentric et al. 2017). The the tumor microenvironment (TME). Recent research 
Warburg effect involves the catabolism of glucose to focused on the role of CAFs in the progression and 
lactate, a high energy metabolite, for producing ATP. metastasis of cancer has demonstrated a dynamic 
Once produced, lactate can then be transferred to other interaction between stroma and epithelium (Bonnans et 
cells that are undergoing oxidative mitochondrial al. 2014; Costa et al. 2014; Karangiannis et al. 2012; 
metabolism (oxidative phosphorylation). This Ohlund et al. 2014). While normal fibroblasts inhibit 

tumor progression, transformation of fibroblasts to a 
CAF phenotype and other alterations of the 
extratracellular matrix potentially produce a conducive 
environment for carcinogenesis (Bissel et al 2011; Costa 
et al 2014). CAFs have been shown to promote 
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proliferation, and migration of tumor cells and other Culture Collection, Manassas, VA and the cells were 
hallmarks of cancer; angiogenesis and metastasis through grown in Dulbecco's modified eagle medium (DMEM) 
remodeling of the extracellular matrix and epithelial-to- medium supplemented with 10% fetal bovine serum 
mesenchymal transition. The hypoxic environment (FBS) and antibiotics in a humidified 5% CO  incubator. 2

created by the tumor, induces the reverse Warburg effect Human breast cancer-associated fibroblast (CAF-05) and 
(anaerobic glycolysis in stromal cells) in the CAFs that human pre-adipocyte (HPAd) cell lines were purchased 
through the upregulation of signaling pathways such as from Neuromics (Edina, MN) and Sigma-Aldrich 
HIF-1á-signaling increases glycolysis and the resulting (St.Louis, MO), respectively. CAF-05 cell lines were 
generation of nutrients such as lactate to adjacent cancer cultured in media supplied by Neuromics where as HPAd 
cells (reverse Warburg effect) (Pavlides et al. 2009). cell line was grown in pre-adipocyte cell culture medium 
Metabolic coupling between glycolytic stromal cells (Sigma-Aldrich, St. Louis, MO). HPAd cell lines were 
(including CAFs) and oxidative cancer cells and between differentiated before drug treatment of monocultures and 
glycolytic cancer cells (further from the vascular supply) co-cultures (Petersen et al. 2017) by growing the cells 
and oxidative cancer cells promote tumor growth in first to confluency in DMEM, and 1-2 day post-confluent 
human breast and other cancers (Rattigan et al. 2012; cells (designated day 0) were induced to differentiate by 
Gupta et al. 2017; Martinez-Outschoorn et al. 2017). The adding DMEM containing 1 M dexamethasone, 0.5 mM 
TME plays an important role for growth and progression m e t h y l  i s o b u t y l  x a n t h i n e ,  5  g / m l  
of breast cancers since non-malignant cells of the stroma insulin/transferrin/selenium (I/T/S) solution (Life 
provide tumor promoting molecules to these tumors. technologies, Inc. and 0.5 M rosiglitazone (Sigma-
Although adipocytes are also a major component of the Aldrich, St. Louis, MO). 
TME of mammary tumors, cross talk of breast cancer 
cells with the surrounding adipocytes has not been well- 2.2 Supercritical CO  extract of mango ginger 2

investigated. During early tumor invasion, breast cancer (Curcuma amada Roxb.) 
cells invade the mammary fat pad in direct juxtaposition 
with adjacent adipocytes (Dirat et al. 2011). These cancer Supercritical CO  extract of mango ginger (CA) was 2

associated adipocytes (CAA) secrete adipokines, growth prepared by Flavex Naturextrakte GmbH, Rehlingen, 
factors, proteases and fatty acids analogous to the role of Germany. The usual yield of CA extract was 2.5-3% of 
CAFs in promotion of tumor growth and survival (Hoy et dried rhizome. The product is brownish and contains 
al. 2017; Wang et al. 2012). Currently, little is known 10.2% of steam volatile components. Quantitative 
about how adipocyte-derived lipids directly influence analysis by HPLC and GC-MS showed the presence of 
tumor metabolism; however, there is increasing evidence 61.7% (E)-labda-8(17),12diene-15,16 dial (LDD), 5.6% 
that lipids generated during lipogenesis modulate beta myrcene, 0.8% beta pinene, 0.3% ocimene, 0.2% 
metabolic pathways in cancers cells and stimulate beta cariophyllene besides other essential oil components 
Warburg effect (Diedrich et al 2015; Blucher and Stadler in trace amounts. The chemical fingerprint details of CA 
2015). Adipocytes, especially those that comprise white have been described in our earlier publication 
fat versus brown fat, are predominantly glycolytic even in (Ramachandran et al. 2015a). 
an aerobic environment and thus produce large amounts 
of lactate (DiGirolamo et al. 1992; Sabter et al. 2014; 2.3 Cytotoxicity assay
Jansson et al. 1994). Although these adipocytes have the 
ability to influence the neighboring cells within their Breast carcinoma (MCF-7), cancer associated fibroblasts 
microenvironment, the role of adipocytes in regulating (CAF-05), normal fibroblasts (CCL-110) and HPAd 
tumor metabolism is less clear. The cancer promoting adipocytes were treated with increasing concentrations of 
effects of adipocytes on growth, proliferation and CA in DMEM for 72 h in 96 well plates. MTT [3-(4,5-
survival of tumors has been indicated in breast, prostate, Dimethyl thiazol-2-yl)-2,5-diphenyltetrazolium 
gastric, colon and ovarian cancers (Nieman 2011; bromide] assay performed with the Cell Proliferation Kit 
Nieman et al. 2013); however, little is known about their I (Roche Biochemicals, IN) was used to analyze 
contribution to the alteration of tumor metabolism. We cytotoxicity of CA. The experiments were repeated four 
have investigated the role of normal fibroblasts (NF), times with three replications for each treatment and the 
CAFs and adipocytes on the growth and proliferation of IC , IC  as well as IC  values were calculated from 50 75 90

breast cancer cells and also the underlying molecular and absorbance readings (Ramachandran et al. 2015b; 2017). 
metabolic alterations in vitro. The inhibitory effect of 
supercritical CO  extract of mango ginger (Curcuma 2 2.4 ATP inhibition
amada Roxb.) on the Warburg effect in these cell types 
was also analyzed at the biochemical and molecular Breast cancer cells (MCF-7), CAF-05, CCL-110 and 

3levels. HPAd cells (5x10 /100 l medium/well) were plated in 96-
well plates and incubated overnight at 37°C in a CO  2

2 .Materials and Methods incubator. Co-cultures were also grown by mixing MCF-
7 cells with CAFs, normal fibroblasts or adipocytes in 1:1 

2.1 Cell Culture ratio. On the next day, cells were treated with increasing 
concentrations of CA for 24 h in the CO  incubator. The 2Human breast carcinoma (MCF-7) and normal fibroblast 
plates were kept for 10 min at room temperature and 100 l 

(CCL-110) cells were purchased from American Type 
of Cell Titer–Glo reagent (Promega Corporation, 
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Madison, WI) was added into the wells and mixed well HIF-1, Caveolin-1, and GLUT1 with â-actin control) in a 
for 10 times. The plates were shaken on an orbital shaker western blot  procedure and detected using the alkaline 
for 10 min and kept at room temperature for another 10 phosphatase color detection kit (Bio Rad Laboratories, 
min for stabilization of luminescent signal and 100 l of Hercules, CA). The relative expression of proteins 
sample was transferred to a fresh 96-well plate before the compared to untreated control samples were quantified 

TMplates were read in the Veritas Luminometer. The ATP in using UNSCAN-IT gel  software (Silk Scientific, Inc., 
each well was calculated considering the ATP level in the Orem, UT). The relative increase or decrease in protein 
control (untreated) as 100%. The experiment was level was calculated based on untreated sample and fold-
repeated four times and the average values plotted. level changes were plotted against CA concentration.

 
2.5 Lactate Inhibition 2.8 Immunoperoxidase staining of monocultures and 

co-cultures with glycolysis markers
Breast cancer cells (MCF-7), cancer associated 
fibroblasts (CAF-05), normal fibroblasts (CCL-110) and CAF-05, CCL-110, HPAd and MCF-7 cells were grown 

5
HPAd adipocytes (1x10 / 2 ml/well) were plated in 24- in chamber slides and treated with CA (0-5 g/ml) for 48 h. 
well plates and incubated overnight at 37°C in a CO  The monolayer cells on the chamber slides were digested 2

with pepsin (1 mg/ml in Tris-HCl, pH 2.0) for 10 min at incubator. Co-cultures were also grown by mixing MCF-
37°C for unmasking of antigens. The slides were 7 cells with CAFs, normal fibroblasts or adipocytes in 1:1 
incubated in 3% hydrogen peroxide solution for 5 min, ratio. After 24 h of plating, cells were treated with 
followed by washing and blocking with blocking increasing concentrations of CA followed by incubation 
solution. The slides were reacted with primary antibodies at 37°C for another 24 h in a CO  incubator. About 0.5 ml 2

of glycolysis markers (Caveolin-1, MCT-1, MCT-4 , medium was collected from each well for estimation of 
GLUT1 and HIF-1 alpha) overnight at 4°C, followed by lactate and 1 ml of 8% perchloric acid was added into the 
three drops of detection reagent (secondary antibody) for media. The mixture was vortexed well, kept at 4°C for 5 
30 min at room temperature. The slides were stained min. and centrifuged for 10 min at 1500 x g. About 25 l of 
according to the protocol described in the the extract was combined with the 1.475 l of working 
Immunohistochemistry Application Solutions kit (Cell solution containing nicotinamide adenine dinucleotide 
Signaling technology, Danvers, MA). hydrate (NAD), glycine buffer and lactate dehydrogenase 

for 30 min at room temperature. The reaction mix (200 µl) 
2.9 Statistical Analysiswas transferred to 96-well plate and the plate was read at 

340 nm within 10 min. The relative amounts of lactate in 
Mean and standard deviation estimates were calculated the medium was calculated based on the lactate standard 
using Microsoft Excel software using data from three curve and plotted against drug concentrations. 
separate experiments. The dose-dependent trends in 
relative mRNA and protein expression were ascertained 2.6 Gene Expression Studies by RT-PCR Assay
with samples treated with increasing CA concentrations. 

6  The relative mRNA and protein expression levels (fold Monocultures and co-cultures (3 x10 /5 ml) were treated 
change) at different CA concentrations were statistically with increasing concentrations of CA for 72 h and the
analyzed by 1-way analysis of variance, and the mRNA expression of genes associated with Warburg 
treatments were compared with control treatment using effect (MCT1, MCT4, HIF-1, Caveolin-1 and GLUT1) 
Bonferroni's multiple comparison test (GraphPad Prism were analyzed by reverse transcriptase-polymerase chain 
software, La Jolla, CA). The protein expression data of reaction (RT-PCR) (Ramachandran et al. 2015a; 2015b; 
the CA-treated samples were statistically compared with 2017). The mRNA expression of a housekeeping gene, 
the expression levels in untreated samples of CAF-05, beta-actin, was used as a control. The gene expression 
CCL-110, HPAd, MCF-7 and co-cultures (*p<0.05, levels were quantified using gel pictures by the 

TM **p<0.01 and ***p<0.001).UNSCAN-IT gel  software (Silk Scientific, Inc., Orem, 
UT). The relative increase or decrease in mRNA level was 

3. Resultscalculated based on untreated sample and fold-level 
changes were plotted against CA concentrations.

3.1 Cytotoxicity 
2.7 Western blot analysis

The IC values of CA for CAF-05, CCL-110, HPAd and 
6  MCF-7 cell lines are given in Table 1. CA is highly Monocultures and co-cultures (3 x10 /5 ml) were treated 

cytotoxic to CAF-05 and MCF-7 cell lines at the IC  level 90with various concentrations of CA for 72 h and total 
compared to HPAd and CCL-110 cell lines. The IC , IC  50 75cellular protein was extracted using 0.5 ml of Invitrogen's 
and IC  values for CA treatment of MCF-7 cells are 38.3, protein extraction buffer (Invitrogen Corporation, 90

45.3 and 48.3 µg/ml respectively. The IC  value for HPAd Frederick, CA). The protein concentration was 50

determined and 100 µg protein was separated on 10% cells on the other hand is 149.5 µg/ml and IC  and IC  75 90

SDS-PAGE. The separated protein was blotted on a values are > 200 µg/ml.  For the CAF cell line, the IC , 50

nitrocellulose filter. The filters were hybridized with anti- IC  and IC  values for CA are 24, 40.5 and 47.5 µg/ml, 75 90

human monoclonal/polyclonal antibodies specific for respectively. Therefore, both human pre-adipocytes and 
each Warburg effect- associated protein (MCT1, MCT4, 
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normal fibroblasts are less susceptible to the direct GLUT1 mRNA expression, almost at similar levels. The 
cytotoxic effects of CA which demonstrates relative level of mRNA expression of MCT1, MCT4 and 
selective cytotoxicity against MCF-7 cancer cells and Caveolin-1 genes in MCF-7 cells were comparatively 
CAFs at relatively low doses. lower than that of CAF-05 and co-cultures (Fig.7)

The normal fibroblasts (CCL-110), MCF-7 and their co-
3.2 ATP synthesis culture also demonstrate mRNA expression of genes 

associated with Warburg effect (Fig.8). CA treatment (2 
The effect of CA on ATP synthesis in CCL-110 and MCF- µg/ml) of the co-culture reduced the mRNA expression 
7 mono-cultures and co-cultures is presented in Fig. 1. of MCT1 by 28% and Caveolin-1 by 34%. Also, CA 
The effect of CA on ATP synthesis in CAF-05 and MCF-7 treatment (2 µg/ml) inhibited Caveolin-1 mRNA 
mono-cultures and co-cultures is presented in Fig. 2. expression of MCF-7 cells by 29%.Mono-cultures of 
When the CCL-110 cells are co-cultured with MCF-7, the human adipocytes (HPAd), breast cancer (MCF-7) cells 
inhibitory effect of CA is more pronounced in it than and their co-culture demonstrate abundant mRNA for 
monocultures of MCF-7 and CCL-110 (Fig. 1). However, genes associated with Warburg effect (Fig. 9). However, 
when the CAF-05 cells are in co-cultured with MCF-7, MCF-7 cells have a significantly lower level of 
the rate of inhibition of ATP synthesis is highest in CAF- expression of MCT1, MCT4, HIF-1 and Caveolin-1 
05 cell line followed by CAF-05+MCF-7 co-culture and mRNAs compared to the co-culture (HPAd + MCF-7). 
MCF-7 monoculture in order.CA also inhibits ATP The Caveolin-1 mRNA was down regulated by CA 
synthesis in HPAd pre-adipocytes (Fig. 3). The inhibitory treatment of MCF-7 and co-cultures. MCF-7 and co-
effect of CA on ATP synthesis is more pronounced in culture cells have a higher mRNA expression of GLUT1 
HPAd, than in co-cultures with MCF-7 and MCF-7 gene compared to adipocytes. 
monoculture. MCF-7 cells showed a slightly lower 
inhibition profile than co-culture at lower concentrations 3.5 Protein expression of genes associated with 
of CA (<50 µg/ml) but no difference at higher CA Warburg Effect
concentrations. 

Western blot analysis of genes associated with Warburg 
3.3 Lactate synthesis effect in CAF-05, MCF-7 and co-culture is shown in 
CCL-110 showed a lower pre-treatment level of lactate Fig.10a and the quantification is given in Fig. 10b.  
synthesis than MCF-7 cells and their co-culture (Fig. 4a). Unlike mRNA expression, CAF-05 cells when cultured 
CA treatment showed a dose-dependent inhibition of alone, failed to synthesize any MCT1, MCT4, HIF-1, 
lactate synthesis and percentage of inhibition appeared to Caveolin-1 and GLUT1 proteins. This translational 
be higher in co-culture than monocultures of CCL-110 inhibition of proteins associated with Warburg effect in 
and MCF-7 (Fig. 4b). CAF-05 cells was unexpected. However, this 
Similar to CCL-110 cells, CAF-05 demonstrated lower phenomenon is reproducible and thus requires further 
lactate synthesis than MCF-7 cells and co-culture of investigation. MCF-7 cells demonstrate abundant 
CAF-05 + MCF-7 cells (Fig. 5a). CA treatment of production of MCT1, MCT4, HIF-1, Caveolin-1 and 
monocultures of CAF-05 and MCF-7 and their co-culture GLUT1 proteins that was relatively unaffected by CA 
inhibits lactate synthesis in a dose-dependent manner at treatment. However, CAF-05 + MCF-7 co-culture treated 
CA concentrations <50 µg/ml. However, when the with CA demonstrated decreased levels of proteins 
percentage of inhibition is calculated based on the except HIF-1 and GLUT1. While treatment of co-culture 
untreated control, CA treatment showed an increased rate with 5 g/ml of CA has reduced the synthesis of MCT1, 
of lactate inhibition in the co-cultures compared to MCT4, and Caveolin-1 proteins significantly; CA 
monocultures (Fig. 5b). Human pre-adipocytes (HPAd) treatment at the 5 µg/ml dose has reduced the synthesis of 
also have lower level of lactate synthesis than MCF-7 MCT1 by 45%, MCT4 by 47%, and Caveolin-1 by 47%. 
cells and CA treatment inhibited the lactate synthesis in a cultures were compared by 1-way analysis of variance 
dose-dependent manner (Fig. 6a). Similar to lactate with Bonferroni's multiple comparison test (GraphPad 
synthesis in CAF-05 + MCF-7 and CCL-110 + MCF-7 Prism software, La Jolla, CA. (*p<0.05, **p<0.01, 
co-cultures, the rate of inhibition of lactate synthesis in ***p<0.001).
MCF-7 + HPAd co-culture by CA appeared to be slightly The normal fibroblast cell line CCL-110 showed 
more than monocultures of MCF-7 and HPAd (Fig. 6b). undetectable levels of MCT1, MCT4, Caveolin-1 and 

GLUT1 proteins (Fig. 11a), even though these cells 
3.4 mRNA expression of genes associated with showed significant mRNA synthesis of these genes. 
Warburg effect Similar to CAF-05 cells, the translation of protein is 

inhibited in monoculture and warrants further 
The mRNA expression of genes associated with Warburg investigation. However, unlike CAF-05 cells in 
effect in CAF-05, MCF-7 cells and their co-culture monoculture, treatment of CCL110 + MCF-7 co-culture 
treated with CA (0, 1 and 2 µg/ml) is presented in Fig.7. with low doses of CA has inhibited only the synthesis of 
The untreated and treated cells in all cases demonstrate HIF-1. CA at 5 µg/ml dose decreased the HIF-1 by 36% 
expression of MCT1, MCT4, HIF-1, Caveolin-1 and (Fig. 11b) 



The protein expression pattern in HPAd adipocytes, Treatment of co-cultures with CA (5 g/ml) for 48 h has 
MCF-7 cancer cells and co-cultures with and without CA reduced the expression of Caveolin-1 and MCT1 
treatment is given in Fig.12a and the quantification is e x p r e s s i o n  s i g n i f i c a n t l y.  T h e  r e s u l t s  o f  
presented in Fig. 12b. Similar to the CAF-05 and CCL- immunoperoxidase staining of HPAd, MCF-7 and co-
110 cells (although the house-keeping gene beta actin is cultures showed results similar to western blots (data not 
expressed in all cases), adipocytes have no protein shown).
expression of glycolytic markers in monoculture, even 
though mRNAs were observed in the RT-PCR assay. 4. Discussion
MCF-7 cells as previously shown have abundant 
expression of these markers that could be modulated with Although cancer cells are considered as the primary 
higher doses (>10 µg/ml) of CA treatment (data not drivers of tumor development, it is now clear that other 
shown).  CA treatment (5 µg/ml) of co-cultures with cells such as stromal cells (fibroblasts, adipocytes, 
differentiated HPAd adipocytes + MCF-7 cells reduced endothelial cells, etc.) and also immune cells contribute 
protein expression of MCT1 by 55%, MCT4 by 36% and to the tumorigenic microenvironment that enables cancer 
HIF-1alpha by 34% and GLUT1 by 25%. progression (Hanahan and Coussens 2012). For example, 
cultures were compared by 1-way analysis of variance it has been well established that stromal fibroblasts 
with Bonferroni's multiple comparison test (GraphPad infiltrate and are induced to differentiate into cancer 
Prism software, La Jolla, CA. (*p<0.05, **p<0.01, associated fibroblasts (CAFs) (Ronnov-Jessen and 
***p<0.001). Peterson 1993) and that they contribute to the energetics 

of tumor cells by fuelling them with energy sources like 
3.6 Immunoperoxidase staining lactate, ketones, glutamine, fatty acids or cysteine 

(Bartling et al. 2008; Neiman et al. 2011;Martinez-
Some of the results of immunoperoxdiase staining are Outschoorn 2014). Similarly, through lactate-induced 
presented in Fig. 13. CAF-05 cells possess very little extracellular acidification and secretion of inflammatory 
expression of Caveolin-1 and MCT1 expression where as cytokines and matrix-degrading enzymes, CAFs enable 
MCF-7 cells have abundant expression of these proteins. metastasis and confer resistance to chemotherapeutic 

Table 1: Cytotoxicity of supercritical CO extract of mango ginger (CA) in cancer associated fibroblasts (CAF-05), normal 2 

fibroblasts (CCL-110), human adipocytes (HPAd) and breast cancer (MCF-7) cell lines 

Cell line IC50 (µg/ml) IC75 (µg/ml) IC90 (µg/ml) 
CAF-05 24.0±2.1 40.5±2.5 47.5±0.7 
CCL-110 36.7±0.6 49.0±1.4 >200 
HPAd 149.5±4.9 >200 >200 
MCF-7 38.3±1.2 45.3±1.1 48.3±2.1 
 

Figure 1. Inhibition of ATP synthesis by supercritical CO  extract of mango ginger (Curcuma amada Roxb.), CA in normal 2

fibroblasts (CCL-110), breast cancer cells (MCF-7) and CCL-110 + MCF-7 co-cultures.  
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Figure 2. Inhibition of ATP synthesis by CA in cancer associated fibroblast (CAF-05), breast cancer cells (MCF-7) and CAF-
05+MCF-7 co-cultures.

Figure 3. Inhibition of ATP synthesis by CA in breast adipocytes (HPAd), breast cancer cells and HPAd+MCF-7 co-cultures.
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Figure 4. Inhibitory effect of CA on lactate synthesis in normal fibroblasts (CCL-110), breast cancer cells (MCF-7) and CCL-
110+MCF-7 co-culture. (4a) Inhibition of total lactate in µg/ml concentration (4b) Inhibition of lactate as a percentage of untreated 
cells.

Figure 5. Inhibitory effect of CA on lactate synthesis in cancer associated fibroblasts (CAF-05), breast cancer cells (MCF-7) and 
CAF-05+MCF-7 co-cultures. (5a) Inhibition of total lactate in µg/ml concentration (5b) Inhibition of lactate as a percentage of 
untreated cells.

http://advancejournals.org/Advances-in-Cancer-Research-and-Therapy/

Advances in Cancer Research & Therapy

7



Figure 6. Inhibitory effect of CA on lactate synthesis in hµman adipocyte (HPAd), breast cancer (MCF-7) and HPAd+MCF-7 co-
cultures. (6a) Inhibition of total lactate in µg/ml concentration; (6b) Inhibition of lactate as a percentage of untreated cells.

Figure 7. RT-PCR assay of genes associated with Warburg effect (MCT1, MCT4, HIF-1a, Caveolin-1, GLUT1) along with house 
keeping gene (beta-actin) in CAF-05, MCF-7 and co-cultures treated with CA (0, 1 and 2 µg/ml).
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Figure 8. RT-PCR assay of genes associated with Warburg effect (MCT1, MCT4, HIF-1, Caveolin-1, GLUT1) along with house 
keeping gene (beta-actin) in CCL-110, MCF-7 and co-cultures treated with CA (0, 1  and 2 µg/ml).

Figure 9. RT-PCR assay of genes associated with Warburg effect (MCT1, MCT4, HIF-1, Caveolin-1, GLUT1) along with house 
keeping gene (beta-actin) in HPAd, MCF-7 and co-cultures treated with CA (0, 1  and 2 µg/ml).
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Figure 10a. Western blot analysis of expression of proteins associated with Warburg effect (MCT1, MCT4, HIF-1, Caveolin-1, 
GLUT1) along with house keeping gene (beta-actin) in CAF-05, MCF-7 and co-cultures treated with CA (0-5 µg/ml).

Figure 10b. Quantification of expression of proteins (western blots) associated with Warburg effect (MCT1, MCT4, HIF-1, 
Caveolin-1, and GLUT1) along with house keeping gene (beta-actin) in monocultures of CAF-05 and MCF-7 as well as their co-
culture. The significant difference between CA treatments within monocultures and co-cultures were compared by 1-way analysis 
of variance with Bonferroni's multiple comparison test (GraphPad Prism software, La Jolla, CA. (*p<0.05, **p<0.01, 
***p<0.001).
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Figure 11a. Western blot analysis of expression of proteins associated with Warburg effect (MCT1, MCT4, HIF-1, Caveolin-1, 
GLUT1) along with house Fig. 11a. Western blot analysis of expression of proteins associated with Warburg effect (MCT1, MCT4, 

Figure 11b. Quantification of expression of proteins (western blots) associated with Warburg effect (MCT1, MCT4, HIF-1alphal, 
Caveolin-1, and GLUT1) along with house keeping gene (beta-actin) in monocultures of CCL-110 and MCF-7 as well as their co-
culture. The significant difference between CA treatments within monocultures and co-cultures were compared by 1-way analysis 
of variance with Bonferroni's multiple comparison test (GraphPad Prism software, La Jolla, CA. (*p<0.05, **p<0.01, 
***p<0.001). 
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Figure12a. Western blot analysis of expression of proteins associated with Warburg effect (MCT1, MCT4, HIF-1, Caveolin-1 and 
GLUT1) along with house keeping gene (beta-actin) in HPAd, MCF-7 and co-cultures treated with CA (0-5 µg/ml).

Figure 12b. Quantification of expression of proteins (western blots) associated with Warburg effect (MCT1, MCT4, HIF-1alphal, 
Caveolin-1, and GLUT1) along with house keeping gene (beta-actin) in monocultures of HPAd and MCF-7 as well as their co-
culture. The significant difference between CA treatments within monocultures and co-cultures were compared by 1-way analysis 
of variance with Bonferroni's multiple comparison test (GraphPad Prism software, La Jolla, CA. (*p<0.05, **p<0.01, 
***p<0.001). 



Figure 13. Immunoperoxidase staining of monocultures of CAF-05, MCF-7 and CA (5 µg/ml) treated co-cultures of CAF-
05+MCF-7 with Caveolin-1 and MCT4 antibodies. Note the decrease in the expression of Caveolin-1 and MCT4 expression in co-
cultures treated with CA.

drugs (Martinez-Outschoorn et al. 2011; Bartling et al. that co-culture methods would be more useful for 
2008; Laberge et al. 2012). In addition to CAFs, CAAs investigating synergy between tumor cells and stromal 
also contribute to the cancer growth and progression by cells compared to individual monocultures in order to 
providing energy sources (Diedrich et al. 2015; Balaban identify more effective therapeutic strategies (Tchou and 
et al. 2017; Gupta et al. 2017). Therefore, more effective Conego-Garcia 2012). In the present investigation 
cancer treatment should also entail targeting of the tumor increased ATP inhibitory effect of CA on co-cultures 
microenvironment including stromal cells such as cancer relative to MCF-7 monoculture has been demonstrated.  
associated fibroblasts and adipocytes that fuel the cancer The analysis of lactate concentration levels in untreated 
cells. and CA treated monocultures and co-cultures of cancer 
In the present investigation, we have shown that CA- cells with normal fibroblasts, CAFs or adipocytes 
treated CAF-05 and MCF-7 cells have lower IC values showed that cancer cells and co-cultures have higher 
than CCL-110 fibroblasts and HPAd adipocytes.  In our lactate synthesis than monocultures of CAF-05, CCL-
earlier investigations with CA, we have also reported that 110 or HPAd cells and that the inhibition of lactate 
CA is cytotoxic to an array of cancer cells such as human synthesis by CA occurred in a dose-dependent manner. 
rhabdomyosarcoma (both alveolar and embryonal), The level of lactate synthesis by untreated monocultures 
glioblastoma and leukemic cell lines while sparing of CAF-05, CCL-110 and HPAd is lower than MCF-7 
cytotoxicity of non-malignant cell lines (Ramachandran and co-cultures; however, the lactate levels were further 
et al. 2015a; 2015b; 2017). This preferential cytotoxicity reduced by CA treatment. The levels of lactate synthesis 
of CA towards breast cancer and CAF cell lines would be in untreated MCF-7 cells and each co-culture are 
an added attribute of this agent because simultaneous comparable; however, the inhibition of lactate synthesis 
inhibition of cancer cells and CAFs would lead to a more induced by CA treatment is uniformly better in MCF-7 
effective inhibition of tumor growth and progression co-cultures than MCF-7 monoculture. While inhibition 
(Gupta et al 2017; Balaban et al. 2017 and Wen et al. of lactate synthesis in cancer cells alone is a therapeutic 
2017). target, inhibition of lactate synthesis in normal stromal 
ATP analysis indicates that CA treatment has an cells and cancer-associated stromal cell co-cultures 
inhibitory effect on ATP synthesis in monocultures of all supports the role of the reverse Warburg effect by CA 
four cell lines studied. However, the strongest inhibitory treatment (Teicher et al. 2012; Lisanti et al. 2013; 
effects were observed with CA treatment in CAF-05 Morandi and Charge 2014). These observations clearly 
monoculture, MCF-7+CCL-110 co-culture and MCF- support the concept that the biological behavior of cancer 
7+CAF-05 co-culture. Several investigators have if not its initiation is very much dependent upon its 
reported that chemotherapy would be more effective by stromal microenvironment. For example, it has been 
the addition of drugs that target elements of the TME in reported that ROS (reactive oxygen species) production 
addition to cancer cells (Zhou et al. 2015; Luo et al. 2015; drives the onset of CAF phenotype resulting in an 
Slany et al. 2015). Consequently, it has been suggested amplification of ROS production, creating an 
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environment of oxidative stress. This has important approach to human malignancies.
functional consequences as ROS production in CAFs 
induces a shift towards aerobic glycolysis initiating the 5. Conflict of Interest
“reverse Warburg effect” (Pavides et al. 2009; 
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