
#4
19

#4
83

0

200

400

600

800

1000

1200

AT
P 

(n
m

ol
/1

06 
ce

lls
)

* : P Value < 0.05

HCT116 14-3-3  shRNA
HCT116 Control shRNA

*
*

0

500

1000

1500

*:P Value < 0.05

HCT116 14-3-3 -/- 
HCT116 WT 

*

AT
P 

(n
m

ol
/1

06 
ce

lls
)

Abstract  
 
Metabolic reprogramming is an important cancer hallmark and 

 ,noitarefilorp ni segatnavda rojam htiw sllec recnac sedivorp
survival and drug resistance 1, 2, 3, 4.  
 
In fact, enhanced glycolysis or Warburg effect is very common in 
many cancer cells and enhances their survival upon hypoxia 1, 2, 3, 

4. Furthermore, glycolysis suppresses apoptosis, and strongly 
promotes proliferation, drug resistance, and metastasis 2, 3, 4. 
However, current understanding about cancer glycolysis 
regulation is still limited, preventing the development of effective 
cancer metabolism - targeted therapies. 
 
In this study, our results show that 14-3-3  considerably 
suppresses cancer glycolysis by repressing glucose 
consumption, glucose uptake, and lactate production. 14-3-3  

 .sllec recnac ni noitcudorp ygrene sriapmi yltnacifingis osla
Furthermore, re-expression of 14-3-3  fo enilced prahs sesuac 
18Fluoro-deoxyglucose uptake in xenograft breast cancer mouse 
model.  
 
Together, our findings demonstrate an important role of the 
tumor suppressor 14-3-3  in controlling glycolysis and 
energy production in cancer cells. 
 
Results 

14-3-3  as a new important regulator of cancer glycolysis 
Liem Phan1, Ismael Samudio2, Ping-Chieh Chou1, Guermarie Velazquez-Torres1, Hyun-Ho Choi1, Edward Wang1, Christopher Gully1, Enrique Fuentes-Mattei1, 

1, Jian Chen1, Chun-Hui Su1, Yu-Ye Wen3, Kenneth Parreno4, Yaling Huang1, Chieh Tseng1, Yun-Chih Hsieh1, Zhongguo Zhou1, Yiping Shao ,1

Cody Dianna1, Jorge  Delacerda1, Charles Kingsley1, Richard Beaver1, Xuefeng Xia5, Aijun Zhang5, Lei Li1, Huamin Wang1, Sai-Ching Yeung1, Mong-Hong Lee1  
1MD Anderson Cancer Center, 2Universidad Javeriana (Columbia) 3Baylor College of Medicine, 4Harvard University, 5The Methodist Hospital Research Institute 

14-3-3  suppresses glucose uptake 
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14-3-3  causes lactate production decline 
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14-3-3  decreases Extracellular Acidification Rate 
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14-3-3  diminishes ATP level in cancer cells 

!"#$
!%&'()*+,$-&./$$

0%12$34567$

8($
59.:)3;)<)<=$$
%/>?&@(/$

A%12$
59.:)3;)<)<=$
%/>?&@(/$

14-3-3  impairs glucose uptake in vivo 
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14-3-3  reduces glucose consumption 
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Fig 1. (A) Loss of 14-3-3  enhances glucose consumption.  fo noitpmusnoc esoculG 
human colon carcinoma cells HCT116 and HCT116 14-3-3 -/- were measured using Freestyle 
Glucose Meter (Abbott) for 24 hours. (B) Glucose consumption increases upon 14-3-3  
knockdown. 14-3-3  lortnoC .)amgiS( ANRhs larivitnel gnisu sllec 611TCH ni nwodkconk saw 
cells were infected with Luciferase shRNA for comparison. (C) Inducible re-expression of 
14-3-3  diminishes glucose consumption. 14-3-3 -deficient cells HCT116 14-3-3 -/- and 
MDA-MB-231 were infected with a retroviral Tet On Flag-14-3-3  system. 14-3-3  induction 

 .lortnoc sa desu erew sllec decudni-noN .enilcycyxoD lm/gn 02 htiw sruoh 84 rof enod saw
Each experiment has been independently repeated 6 times. Error bars represent 95% 
Confidence Intervals. *: P-value is less than 0.05. 

A B C 
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Fig 3. (A) Loss of 14-3-3  increases lactate production. (B) Lactate 
production increases upon 14-3-3  knockdown. 14-3-3  was 
knockdown using lentiviral shRNA (Sigma). Control cells were infected with 
Luciferase shRNA for comparison. (C) Inducible re-expression of 14-3-3  
diminishes lactate production. 14-3-3 -deficient cells HCT116 14-3-3 -/- 
and MDA-MB-231 were infected with a retroviral Tet On Flag-14-3-3  
system. 14-3-3  lm/gn 02 htiw sruoh 84 rof enod saw noitcudni 
Doxycycline. Non-induced cells were used as control. All error bars 
represent 95% Confidence Intervals. Each experiment has been 
independently repeated 6 times. *: P-value is less than 0.05. 
 

Fig 2. (A & B) Loss of 14-3-3  enhances glucose uptake. HCT116 
and HCT116 14-3-3 -/- cells were incubated in glucose-free DMEM 
containing 120 µM 2-NBDG for 0, 10 minutes, 1 hr, and 3 hr. 2-NBDG 
uptake was analyzed by fluorescence microscope (Olympus) and BD 
flow cytometer. (C) Re-expression of 14-3-3  reduces glucose 
uptake in a dose dependent manner. HCT116 14-3-3 -/-  cells were 
transfected with increasing doses of Flag-14-3-3 . pCMV5 plasmid 
transfection served as control. All cells were incubated in glucose-free 
DMEM with 120 µM 2-NBDG for glucose uptake measurement. 2-
NBDG signals were measured by fluorescence microscope (Olympus) 
and flow cytometer (BD Bioscience). All error bars are 95% Confidence 
Intervals. Each experiment has been independently repeated 6 times. 
 

HCT116 WT + pCMV5 
HCT116 14-3-3 -/- + pCMV5 
HCT116 14-3-3 -/- + Flag-14-3-3   

0.9 µg 
14-3-3  

2-NBDG 2-NBDG 

1.5 µg 
14-3-3  

2-NBDG 

%
 o

f M
ax

 

A B C 

!"#$$%&$'()() (*(&#+,- &$'()() &
-.,+/./+&0&&
1/23456/ &1&

7869.3456/& :"";&

<=
,>

?5
+8

8@
8?

>&
15

6A
6B

5?
2.

/&
-?

,+
&

C3
D

!
*3

6/
E&

F./(6/A@5+A&

G/A@5+A&

!"#$!%$&'() *+,- )(.$'$' )
-/,+0/0+)1))
#0234560 )#)

7869/34560) :;;<)

=>
,?

@
5+

88
A

8@
?)

#5
6B

6C
5@

2/
0)

-@
,+

)
D3

EF
G

36
0H

)

I/0$60BA5+B)

J0BA5+B)

I/0$60BA5+B)I/0$60BA5+B)

!"#$$%&'() %"*+,+, %
)-('.-.'%/%%
0.12345. %0%

6758-2345.% 9::;%

<=
(>

?4
'7

7@
7?

>%
04

5A
5B

4?
1-

.%
)?

('%
C2

D
!

E2
5.

F%

G-.+5.A@4'A%

H.A@4'A%

Fig 4. (A) Loss of 14-3-3  enhances Extracellular Acidification Rate. 
Extracellular Acidification Rate was measured using Seahorse Extracellular Flux 
Analyzer XF24 following Seahorse Bioscience s instructions. 5 µM Oligomycin 
(inhibitor of F0/F1 ATP synthase), 1 µM FCCP (ionophore), 5 µM Rotenone 
(inhibitor of mitochondrial complex I) and 5 µM Antimycin  fo rotibihni( A 
mitochondrial complex III) were sequentially added into culture medium to study 
the impact of 14-3-3  on cancer metabolism. (B, C, D) Inducible re-expression 
of 14-3-3  in HCT116 14-3-3 -/- TetR 14-3-3 , MDA MB 231 TetR 14-3-3  and 
H1299 TetR 14-3-3  reduces Extracellular Acidification Rate. HCT116 
14-3-3 -/- TetR 14-3-3 , MDA MB 231 TetR 14-3-3  and H1299 TetR 14-3-3  cells 
that carried a  retroviral Tet On Flag 14-3-3  system were treated with 20 ng  lm/
Doxycycline for 24 hours to induce Flag-14-3-3  expression. Non-induced cells 
were used as control. Extracellular Acidification Rate was measured as described 

 tnemirepxe hcaE .slavretnI ecnedifnoC %59 tneserper srab rorre llA .A4 erugif ni
has been independently repeated 5 times. 

A B C 

Fig 5. (A) Loss of 14-3-3  increases ATP concentration. ATP 
concentrations of HCT116 and HCT116 14-3-3 -/- cell lysates were 
measured with ATP Bioluminescence CLS II Kit (Roche). (B) 14-3-3  
knockdown increases ATP level. (C) Inducible re-expression of 
14-3-3  significantly reduces ATP concentration. 14-3-3  tneicifed-
cells HCT116 14-3-3 -/- and MDA-MB-231 were infected with a 
retroviral Tet On Flag-14-3-3  system. 14-3-3  induction was done for 
48 hours with 20 ng/ml Doxycycline. Non-induced cells were used as 

 tnemirepxe hcaE .slavretnI ecnedifnoC %59 era srab rorre llA .lortnoc
has been independently repeated 6 times. *: P-value is less than 0.05. 
 

A B 

C D 
Fig 6. 14-3-3  reduces 18Fluoro-deoxyglucose (18FDG) uptake 
in xenograft breast cancer mouse model. 20 7-week-old female 
nude mice were injected with 1x106 MDA-MB-231 TetR 14-3-3  

 ,skeew 4 retfA .dap taf yrammam otni sllec recnac tsaerb )nO teT(
mice were split into 2 groups. Experimental group was treated for 
1 week with drinking water containing 200 µg/ml Doxycycline and 
5% sucrose to induce Flag 14-3-3  expression. Control group only 
received drinking water containing 5% sucrose. Tumors were 
visualized with Burker 7.0 Tesla MRI at Small Animal Imaging 
Facility (SAIF), M.D. Anderson Cancer Center. To measure in vivo 

 tnedoR teporciM htiw degami erew ecim lla ,yassa ekatpu esoculg
–R4 Scanncer 30 minutes post-injection with 400 µCi 18FDG 
according to imaging protocol from SAIF. Arrows indicate the tumor 
positions. 

Conclusions 
In summary, our data show that 14-3-3  has a strong 
suppressive impact on cancer glycolysis by repressing 
glucose uptake, glucose consumption, lactate production and 
impairs ATP production in cancer cells. 
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