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ABSTRACT 
Introduction: Human cervical cancer cells HeLa exhibit “glutamine (Q) addiction” for its growth and proliferation. We adopted a potential antitumor strategy comprising exposure of HeLa cells to low-dose of mitochondrial (mt) 

complex I inhibitor, rotenone (R) in Q deprived growth condition (Q-/R) for 24 h and delineated probable underlying mechanisms. 

Materials & Methods: MTT,  clonogenic & cell migration assays, Flow cytometry, LC-MS/MS-based label-free quantitative (LFQ) proteomics and Bioinformatic analysis 

Results: Q-/R significantly reduced cell viability and compromised mitochondrial health due to loss of Δѱm, increased mt ROS and decreased mt mass. S-phase cell cycle arrest and cell migration inhibition were also confirmed.  

Mitochondrial proteome profiling identified 147 mt proteins with 46 differentially expressed proteins (DEPs), including 19 significantly up-regulated and 27 down-regulated. Functional enrichment analysis of DEPs revealed that the 

inhibition of tumorigenesis involved alterations in key KEGG pathways such as TCA cycle, Oxidative phosphorylation, Chemical carcinogenesis- reactive oxygen species, Fatty acid degradation, Biosynthesis of amino acid and 

Pyruvate metabolism. 

Conclusion: This study provided detailed insight into the proposed anticancer strategy targeting mitochondrial complex I and cancer cell dependency on extracellular glutamine. However, its potential to aid in adopting new 

strategies to better control proliferation of other cancer cell type needs to be further examined in other pre-clinical and animal models. 
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Glutamine deprivation sensitized HeLa cells to cell death & cell migration 
inhibition after exposure to low-dose rotenone 
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Cell Viability  a= p< 0.05 
b=p< 0.001 

 + = Present, - = Absent, Q = Glutamine (4 mM), HG/PG =High/Physiological Glucose   

(A) 

0
0.

01

0.
02

5
0.

1
0.

25 0.
5 1 2 0

0.
01

0.
02

5
0.

1
0.

25 0.
5 1 2 0

0.
01

0.
02

5
0.

1
0.

25 0.
5 1 2

0

20

40

60

80

100

120

**
***

** ***

48 h

72 h

24 h

PG/Q-PG/Q+HG/Q+

Rot 

(M)

b

b

b
bb

b
bbb

b

b

b

bbbb

a
b

b

b bb

b

bbb

b

b

b
b

bb
b

baa

b

b b b

b

bbb

b

b
b

bbb

b

p< 0.001

p< 0.05
ns

C
e

ll
 V

ia
b

il
it

y
 (

%
)

Propidium Iodide-A 

C
o

u
n

t 

Q +/ R Q - / R  Q - Q + 
        G0/G1: 65.43 % 
         G2/M:   6.57 % 
                 S: 28.00 % 
   Sub G0/G1: 2.79 % 

       G0/G1: 57.03 % 
        G2/M:   4.65 % 
                S: 38.32 %  
Sub G0/G1:   5.28 %  

       G0/G1: 59.10 % 
        G2/M:   8.00 % 
                S: 32.90 % 
Sub G0/G1:   4.77 % 

       G0/G1: 49.00 % 
        G2/M:   2.96 % 
                S: 48.03 % 
 Sub G0/G1:   9.12 % 

Q+ Q- Q+/R Q-/R
0

20

40

60

80

100

* ***

G0/G1 S G2/M

**

*

**

*

C
e

ll
s
 i

n
 C

e
ll

 C
y

c
le

 p
h

a
s
e

 (
%

)

                                                                                                                  CONCLUSION 
     Q- deprivation for 24 h sensitized HeLa cells to growth inhibition by Low-dose (25 nM) of rotenone, the dose that was otherwise non-toxic in normal (PG) media 

•    The increased anticancer effect was due to cyto-mt ROS-induced oxidative stress and loss of mitochondrial function due to  drop in Δѱm, excess mt superoxide, and a decreased mt mass. 

      Growth and proliferation inhibitory effects on HeLa cells were established by in the S-phase cell cycle arrest and  halt in cell migration  

      Functional enrichment analysis of DEPs revealed that the inhibition of tumorigenesis involved alterations in key KEGG pathways such as TCA cycle, Oxidative phosphorylation, Chemical 

      carcinogenesis- reactive oxygen species, Fatty acid degradation, Glyoxylate and dicarboxylate metabolism, Biosynthesis of amino acid and Pyruvate metabolism. 

      After analysing its molecular principles, efficacy, and avoiding safety concerns through animal model study and clinical trials, this research may add to our understanding of 

      nutritionally based anticancer signalling in cervical and other cancers. 

 

Low-dose rotenone  induced  S-phase cell cycle arrest in HeLa cells under Q-starvation 
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Determination of  cytosolic ROS, mtROS, mitochondrial membrane potential, and mtMass  
in HeLa cells exposed to low-dose rotenone in glutamine deprived Condition 

Cytosolic ROS Mitochondrial ROS mt  Membrane Potential Mitochondrial  Mass 

+ = Present, - = Absent, Q= Glutamine (4 mM), R= Low-dose rotenone, Ant. A= Antimycin A, FCCP= Carbonyl cyanide-4-(trifluoromethoxy)phenylhydrazone 
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Functional enrichment analysis in HeLa cells exposed to  low-dose rotenone  
under Q-deprivation 

 

Differential expression 
of mt proteins  
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 Significant  

 Up (FC ≥ 2) 

 Down 
(FC ≤ -2) 

PDE12 
TSFM 
TFAM 

MRPL39 
P4HA1 
PIN1 

APEX1 
ACO2 
VPS35 

 
 
 
 
 

PRDX4 
PCK2 
AGPS 
TGM2 
IMMT 

ATP2A1 
COX5B 

RANBP2 
ILF3 

 
 
 
 
 

ATP5MG  
MYCBP 
GFM1 
BDH2 
GFM2 
TIMM8B 
TOMM34 
MRPS36 
MRPL11 
OGDH 
MCCC2 
SLC25A6 
YWHAZ 

 
 
 
 
 

SDHB 
NDUFA2 
TIMM23 
FIS1 
STAT3 
ENY2 
CKB 
AIFM1 
FEN1 
XPNPEP3 
NIPSNAP
2 
MAP2K2 
DUT 
SDHA 

 
 
 
 
 

 Mitochondrial metabolism  
inhibitors as anticancer agents 
(Ramsay, E.E. et al. Pharm Res. 2011; 28:2731) 

 

Targeting alterations in nutrient availability (uptake), macromolecular biosynthesis and redox homeostasis by  
glutamine deprivation and  mitochondrial ETC inhibitor in glutamine addicted cancer cells  

Glutamine fuel proliferation 
(Cantor, J. R. et al. Cancer Discov. 2012; 2: 881-898) 

 

  
 

Metabolic reprogramming in cancer cells  
 

MTT, Clonogenic & Cell migration Assays 
Flow cytometry  

 


