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Abstract. Glucose‑6‑phosphate dehydrogenase (G6PD) cata-
lyzes the first reaction in the pentose phosphate pathway, and 
generates ribose sugars, which are required for nucleic acid 
synthesis, and nicotinamide adenine dinucleotide phosphate 
(NADPH), which is important for neutralization of oxidative 
stress. The expression of G6PD is elevated in several types of 
tumor, including colon, breast and lung cancer, and has been 
implicated in cancer cell growth. Our previous study demon-
strated that exposure of HCT 116 human colorectal cancer cells 
to aspirin caused acetylation of G6PD, and this was associated 
with a decrease in its enzyme activity. In the present study, this 
observation was expanded to HT‑29 colorectal cancer cells, in 
order to compare aspirin‑mediated acetylation of G6PD and 
its activity between HCT 116 and HT‑29 cells. In addition, the 
present study aimed to determine the acetylation targets of 
aspirin on recombinant G6PD to provide an insight into the 
mechanisms of inhibition. The results demonstrated that the 
extent of G6PD acetylation was significantly higher in HCT 116 
cells compared with in HT‑29 cells; accordingly, a greater reduc-
tion in G6PD enzyme activity was observed in the HCT 116 
cells. Mass spectrometry analysis of aspirin‑acetylated G6PD 
(isoform a) revealed that aspirin acetylated a total of 14 lysine 
residues, which were dispersed throughout the length of the 
G6PD protein. One of the important amino acid targets of aspirin 

included lysine 235 (K235, in isoform a) and this corresponds 
to K205 in isoform b, which has previously been identified as 
being important for catalysis. Acetylation of G6PD at several 
sites, including K235 (K205 in isoform b), may mediate inhibi-
tion of G6PD activity, which may contribute to the ability of 
aspirin to exert anticancer effects through decreased synthesis 
of ribose sugars and NADPH.

Introduction

It is well known from epidemiological studies that regular 
intake of aspirin reduces the risk of cancer of the epithelial 
tissues, with the most profound protective effect being observed 
against colon cancer (1‑5). Evidence that aspirin decreases the 
occurrence of epithelial cancer is compelling; however, the 
pathways and proteins involved in this process remain to be 
elucidated, and numerous mechanisms and targets have been 
proposed (5‑7). Aspirin consists of two functional groups: The 
acetyl group and the salicylate group, both of which have been 
implicated in its anticancer effects. Early investigations in this 
area have predominantly focused on the ability of aspirin to 
acetylate cyclooxygenases (COX), leading to inactivation of 
enzyme activity, as a primary mechanism to explain its anti-
cancer effects (2). This is because inactivation of COX induces 
decreased prostaglandin synthesis and inflammation, which 
has been linked to decreased cancer occurrence. However, 
other studies have reported that several COX‑independent 
mechanisms involving salicylic acid, the primary metabolite of 
aspirin, may also contribute to its anticancer effects. Some of 
the direct binding targets of salicylic acid that have been identi-
fied to date include: IκB kinase β (8), AMP‑activated protein 
kinase (9), high mobility group box 1 proteins (10) and cyclin 
dependent kinase 2 (11). It is argued that modulation of the func-
tional activity of these proteins by salicylic acid may contribute 
to the anticancer effects of aspirin.

Previous studies from our laboratory and others have 
demonstrated that exposure of cancer cells to aspirin induces 
acetylation of hundreds of proteins (12‑15). The acetylation 
targets of aspirin identified in our previous studies included the 
tumor suppressor protein p53 (16,17), enzymes of the glycolytic 
pathway, cytoskeletal proteins, histones, and ribosomal and 
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mitochondrial proteins (13). The enzymes that were identified in 
the glycolytic pathway include aldolase, glyceraldehyde‑3‑phos-
phate dehydrogenase, enolase, pyruvate kinase M2 and lactate 
dehydrogenase A and B chains. In addition, we revealed 
that aspirin acetylated glucose‑6‑phosphate dehydrogenase 
(G6PD) and transketolase enzymes in the pentose phosphate 
pathway (13). Assays carried out for some of the acetylated 
glycolytic pathway enzymes indicated that acetylation in 
the majority of cases does not affect enzyme activity, thus 
suggesting that it probably has a neutral impact on bulk 
protein functions. However, acetylation of G6PD was associ-
ated with a decrease in its enzyme activity, thus suggesting 
that aspirin potentially modulates G6PD activity.

G6PD is an important regulatory enzyme in the pentose 
phosphate pathway that produces ribose‑5‑phosphate, which 
is essential for nucleic acid synthesis in rapidly dividing 
cells (18,19). G6PD also produces the reducing agent nico-
tinamide adenine dinucleotide phosphate (NADPH), which 
is essential for the neutralization of oxygen free radicals and 
the reductive biosynthesis of fatty acids. Therefore, G6PD 
has an important role under normal physiological conditions, 
as well as in cancer cell growth. Within human cells, two 
isoforms of G6PD have been reported (20). G6PD isoform a 
has a total of 545 amino acids, whereas isoform b has a total 
of 515 amino acids. Isoform b is identical to isoform a except 
that it lacks the first 30 amino acids in the NH2 terminus. 
It has been reported that isoform b represents the function-
ally active G6PD enzyme (20) and accordingly, the majority 
of previous studies has reported on this isoform (21). Our 
earlier observation that aspirin acetylated G6PD in HCT 116 
colorectal cancer cells, leading to a decrease in its enzyme 
activity, suggested the possibility that it may have a role in 
the chemopreventive actions of aspirin  (13). The present 
study extended these earlier observations to HT‑29 human 
colorectal cancer cells and compared aspirin‑mediated acet-
ylation of G6PD and enzyme activity between HCT 116 and 
HT‑29 cells. The present study demonstrated that compared 
with HCT 116 cells, HT‑29 cells contained significantly lower 
levels of acetylated G6PD; however, in both cell types, G6PD 
protein expression levels were similar. To gain insight into 
how aspirin decreases G6PD activity through acetylation, 
mass spectrometry (MS) analysis was used to identify the 
aspirin‑acetylated sites on recombinant G6PD. The results 
demonstrated that exposure of recombinant G6PD to aspirin 
induced acetylation of 14  lysine residues. These lysine 
targets were found to be localized throughout the G6PD 
protein, and included the NAD‑binding domain as well as 
the C‑terminal domain. The important targets of aspirin 
included lysine 235 (K235), which is present in the highly 
conserved peptide RIDHYLGK (aa 228‑235 in isoform a) in 
G6PD. K235 in isoform a corresponds to K205 in isoform b, 
which has previously been demonstrated to be essential for 
catalysis (21). It is likely that inhibition of G6PD enzyme 
activity by aspirin is due to acetylation of this key lysine 
residue (K235 in isoform a and K205 in isoform b). Lysine 
acetylation at K205 (or K235) may prevent substrate binding 
(glucose‑6‑phosphate) into the active site, rendering the 
enzyme catalytically inactive. Alternatively, acetylation of 
other lysines in the nucleotide‑binding domain may also lead 
to decreased enzyme activity in cells treated with aspirin.

Materials and methods

Materials. Cell culture reagents were purchased from Invitrogen 
(Thermo Fisher Scientific, Inc., Waltham, MA, USA). Aspirin 
was obtained from Sigma‑Aldrich (St.  Louis, MO, USA). 
Anti‑acetyl lysine antibody (cat. no. 9441S; 1:5,000 dilution) was 
purchased from Cell Signaling Technology, Inc. (Danvers, MA, 
USA), and anti‑G6PD antibody (cat. no. sc‑46971; 1:2:000 dilu-
tion) was purchased from Santa Cruz Biotechnology, Inc. 
(Dallas, TX, USA). The recombinant G6PD protein (isoform a) 
was obtained from Origene Technologies, Inc. (Rockville, MD, 
USA). The G6PD activity colorimetric assay kit was obtained 
from Biovision, Inc. (Milpitas, CA, USA). All other chemicals 
were purchased from either Sigma‑Aldrich or Thermo Fisher 
Scientific, Inc.

Cell culture. HCT 116 and HT‑29 colorectal cancer cells were 
obtained from American Type Culture Collection (Manassas, 
VA, USA). The cells were routinely cultured in McCoy's 5A 
medium (Thermo Fisher Scientific, Inc.) supplemented with 
10% fetal bovine serum (Thermo Fisher Scientific, Inc.) at 37˚C 
with 5% CO2 atmosphere. Cells were cultured for 12‑16 h prior 
to the addition of aspirin (0.25‑2.5 mM) for the indicated times.

Preparation of cell lysates, immunoprecipitation and western 
blotting. HCT 116 and HT‑29 cells were grown for 12‑16 h 
at 50% confluence, and treated with aspirin for the indicated 
times. Cells were washed with phosphate‑buffered saline and 
scraped in lysis buffer, then protein concentrations were esti-
mated by Bradford protein assay, as previously described (13). 
A total of 200 µg total protein was immunoprecipitated with 
agarose‑conjugated anti‑acetyl lysine antibody overnight at 
4˚C, and was then washed three times with lysis buffer. The 
agarose‑bound proteins were eluted using trimethylamine 
buffer and were immunoblotted with the anti‑G6PD antibody 
as previously described (13), and were immunoblotted with 
the anti‑G6PD antibody. Alternatively, 50 µg total proteins 
were loaded onto an 8% SDS‑polyacrylamide gel, and were 
immunoblotted the anti‑G6PD antibody. Subsequently, immu-
noreactive bands were detected using a chemiluminescence 
system (Thermo Fisher Scientific, Inc.).

G6PD assay. Subconfluent cells were left untreated or were 
treated with the indicated concentrations of aspirin. The cells 
were then lysed using the assay buffer. A total of 100 µg of 
sample from each treatment condition was used for the G6PD 
assay, which was performed in a 96‑well plate according to the 
manufacturer's protocol (Biovision, Inc.). Following termination 
of the reaction, absorbance was measured at 450 nm.

Sample preparation for MS analysis, using liquid chroma‑
tography‑MS/MS. The recombinant G6PD isoform a (5 µg; 
long form, NP_000393) was acetylated by incubating with 
0.25 mM aspirin for 12 h at room temperature, in the pres-
ence of 50 mM MOPS (pH 7.4), in a final volume of 33 µl. 
For the negative control, an equal amount of protein was 
left untreated under the same conditions. An aliquot of 
acetylated protein was analyzed by immunoblotting with 
anti‑acetyl lysine antibody. The remaining acetylated G6PD 
was subjected to MS as previous described (17).
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Protein modeling. The FASTA sequence of recombinant 
G6PD (NP_000393) was obtained from the National Center 
of Biotechnology Information database. This sequence was 
then submitted to the SAM protein modeling server (22). The 
coordinates of the atoms obtained via email from the server 
were transcribed and saved as a text file. The text file was then 
opened in Rasmol protein modeling software (version 2.7.5). 
The locations of lysine were mapped using command line in 
the software.

Statistical analysis. All experiments were repeated 3‑6 times 
independently. One‑way analysis of variance followed by 
Newman‑Keuls multiple comparison tests were performed to 
compare group differences to the control using Minitab software 
(version 16.0; Minitab, Inc., State College, PA, USA). P<0.05 
was considered to indicate a statistically significant difference.

Results

Correlation between G6PD acetylation status and activity in 
HCT 116 and HT‑29 cells. To compare the levels of aspirin‑medi-
ated G6PD acetylation between HCT 116 and HT‑29 cells, the 
cells were left untreated or were treated with two different 
concentrations of aspirin (0.5 and 2.5 mM) for 24 h. The lysates 
were then immunoprecipitated with anti‑acetyl lysine antibody, 
and immunoblotted with anti‑G6PD antibody. As shown in 
Fig. 1A, aspirin‑induced acetylation of G6PD was detected at 
0.5 mM in HCT 116 cells; however, markedly increased levels 
were detected at 2.5 mM. Conversely, in the HT‑29 cells, G6PD 
acetylation was not observed at all at 0.5 mM, and was barely 
detected at 2.5 mM (Fig. 1B). As presented in Fig. 1C and D 
both isoforms of G6PD (isoforms a and b) were detected in 
HCT 116 and HT‑29 cells. G6PD activity was then detected in 
lysates prepared from both HCT 116 and HT‑29 cells. Aspirin 
progressively inhibited G6PD activity in HCT 116 cells begin-
ning at 0.5 mM; however, inhibition was not so strong in HT‑29 

cells (Fig.  2). These results suggest that aspirin‑mediated 
acetylation may lead to inhibition of G6PD activity within the 
cellular milieu.

In vitro acetylation of recombinant G6PD protein by aspirin. 
The human G6PD enzyme (isoform a, long form) has a total 
of 29 lysine residue in its 545 amino acid long sequence. To 
determine which of the lysines are targeted by aspirin, the 
commercially obtained purified recombinant G6PD was acety-
lated with aspirin in vitro, and the product was subjected to MS 
analysis. Briefly, 5 µg purified G6PD protein was incubated 
with 0.25 mM aspirin for 12 h; an aliquot (5 ng) of the sample 
was initially analyzed by immunoblotting with anti‑acetyl 

Figure 1. Aspirin‑mediated acetylation of glucose‑6‑phosphate dehydrogenase (G6PD) is greater in (A) HCT 116 cells compared with in (B) HT‑29 cells. 
Subconfluent cells were left untreated or were treated with aspirin for 24 h, lysates were prepared, and equal amounts of protein were immunoprecipitated with 
rabbit agarose‑conjugated anti‑acetyl lysine antibody. Agarose‑bound proteins were eluted and immunoblotted with anti‑G6PD antibody. (C) HCT‑116 and 
(D) HT‑29 samples were immunoblotted with anti‑G6PD antibody. The experiments were repeated three times.

Figure 2. Effects of aspirin on glucose‑6‑phosphate dehydrogenase (G6PD) 
activity in HCT 116 and HT‑29 cells. Cells were cultured and left untreated 
or were treated with aspirin for 24 h. Protein (100 µg) was used to conduct 
a G6PD assay. The reaction mixture was incubated at 37˚C for 30 min, and 
absorbance was measured at 450 nm. G6PD activity was expressed as a 
percentage of control. The experiments were repeated three times. Data are 
represented as mean ± standard deviation. *P<0.05, **P<0.01, ***P<0.001 vs. 
the control.
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lysine antibody to ensure acetylation. As shown in Fig. 3A, 
anti‑acetyl antibodies prominently detected a 56 kDa protein 
in the aspirin‑treated conditions, which was not detected in the 
untreated control group.

Identification of aspirin‑acetylated sites on recombinant 
G6PD. An aliquot of the in vitro acetylated G6PD (isoform a), 
as presented in the blot in Fig. 3A, was subjected to MS analysis 
for the identification of acetylation sites. Based on the MS anal-
ysis, a total of 14 lysine residues (K77, K112, K119, K201, K235, 
K390, K396, K416, K438, K459, K462, K527, K538, K544) were 
identified as targets of aspirin‑mediated acetylation. The spectra 
obtained for three of the acetylated lysine‑containing peptides 
are shown in Fig. 3B‑D. The spectra for other acetylated peptides 
are not shown. The acetylated peptides following digestion with 

trypsin and chymotrypsin are shown in Table I. The location 
of aspirin‑acetylated lysine residues identified in the present 
study, and the comparison to naturally acetylated lysines on 
G6PD are shown in Table II. The peptide digests covered 86% 
of the total G6PD sequence. Notably, the lysine at position 235 
(K235) (corresponding to K205 in G6PD isoform b), which is 
located in the active site of the enzyme within the evolutionarily 
conserved peptide RIDHYLGK (aa 228‑235), is acetylated by 
aspirin. K205 (in isoform b) has previously been demonstrated 
to be important for catalysis (21). It is likely that acetylation of 
this residue is responsible for the observed decrease in G6PD 
activity in HCT 116 cells.

Molecular modeling of recombinant G6PD (NCBI acces-
sion no: NP_000393) demonstrated that the majority of the 
aspirin‑acetylated lysine residues are surface‑exposed/solvent 

Figure 3. Mass spectrometry (MS) analysis of recombinant glucose‑6‑phosphate dehydrogenase (G6PD) isoform a. In vitro acetylation of recombinant G6PD 
by aspirin. (A) A total of 5 ng in vitro acetylated recombinant G6PD was immunoblotted with anti‑acetyl lysine antibody and the protein band was detected by 
enhanced chemiluminescence. (B‑D) MS/MS fragmentation spectra showing acetyl modification of (B) K77, (C) K201 and (D) K235.
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accessible (Fig. 4). The ability of aspirin to acetylate G6PD 
in vitro suggests that it is a non‑enzymatic chemical reaction, 
consistent with its ability to acetylate numerous other proteins 
in‑vitro (23).

Discussion

The housekeeping enzyme G6PD is the major regula-
tory enzyme in the pentose phosphate pathway, which 
catalyzes the conversion of glucose‑6‑phosphate to 
6‑phosphoglucono‑δ‑lactone with a concomitant reduc-
tion of NADP+. NADPH thus generated is essential for the 
neutralization of oxidative stress within the cellular milieu. 
In addition, the pentose phosphate pathway generates ribose 
sugars, which are required for nucleic acid synthesis, and has 
a major role in rapidly dividing normal cells, as well as in 
cancer cell growth. Our previous study demonstrated that 
aspirin acetylates G6PD in HCT 116 cells, and this was asso-
ciated with a decrease in its enzyme activity; however, the 
mechanism underlying this inhibition was not clearly identi-
fied (13). The aim of the present study was two‑fold: i) To 
compare aspirin‑mediated G6PD acetylation and enzyme 
activity between HCT 116 and HT‑29 cells; and ii) identify the 

aspirin‑mediated acetylation targets in recombinant G6PD. 
The results demonstrated that exposure of HCT 116 cells to 
aspirin induced greater acetylation of G6PD compared with 
in HT‑29 cells; accordingly, increased inhibition of G6PD 
activity was also observed in the HCT 116 cells. Although 
acetylated G6PD levels were lower in HT‑29 cells, the G6PD 
protein levels (both isoform a and b) were similar in both 
HCT 116 and HT‑29 cells. The decreased levels of G6PD 
acetylation in HT‑29 cells may be associated with a lower 
aspirin uptake, or more rapid hydrolysis of aspirin within the 
cells due to the action of esterases. Through MS analysis of 

Table II. Location of aspirin‑acetylated lysine residues identi-
fied in the present study and the naturally acetylated lysines on 
G6PD (25). 

Aspirin‑acetylated	 Corresponding lysine	 Naturally
lysine sites in	 sites in isoform b	 acetylated
isoform a (long)	 (short)	 sites

K77	 K47	
K112	 K82	
K119	 K89	 K89
K201	 K171	 K171
K235	 K205a	
K390	 K360	
K396	 K366	
K416	 K386	 K386
		  K403b

K438	 K408	
K459	 K429	
K462	 K432	 K432
K527	 K497	 K497
K538	 K508	
K544	 K514	 K514

Aspirin‑mediated lysine acetylation targets included six of the seven 
naturally acetylated lysine residues. aK205 was identified as impor-
tant for catalysis (21). bK403 is a naturally acetylated site, which is 
not found to be acetylated following aspirin treatment.
 

Figure 4. 3‑Dimension space‑filling model of recombinant glucose‑6‑phos-
phate dehydrogenase (G6PD; NP_000393), is shown. The location of 
aspirin‑acetylated lysine residues are highlighted in blue (K77, K112, K119, 
K201, K235, K390, K396, K416, K438, K459, K462, K527, K538, K544).

Table I. Aspirin‑acetylated peptides identified from  
glucose‑6‑phosphate dehydrogenase after trypsin and chymo-
trypsin digestion.

Acetylated
position	 Score	 Protease	 Peptide

  77	 43	 Trypsin	 K*IYPTIWWLFR
	 33	 Chymo	 AKKK*IYPTIW
112	 31	 Trypsin	 K*QSEPFFK
	 25	 Chymo	 TVADIRK*QSEPF
119	 37	 Trypsin	 KQSEPFFK*
	 31	 Chymo	 FK*ATPEEKL31
	 31	 Chymo	 K*ATPEEKL
201	 56	 Trypsin	 IIVEK*PFGR
	 26	 Chymo	 NRIIVEK*PF
235	 33	 Trypsin	 IDHYLGK*
	 26	 Chymo	 LGK*EMVQNL
390	 46	 Trypsin	 CGK*ALNER
396	 26	 Chymo	 NERK*AEVRLQF
416	 24	 Trypsin	 LQFHDVAGDIFHQQCK*R
	 27	 Chymo	 HQQCK*RNEL
438	 47	 Trypsin	 K*PGMFFNPEESELDLTYGNR
459	 28	 Chymo	 K*NVKLPDAY
	 43	 Chymo	 K*NVKLPDAYERL
462	 22	 Trypsin	 NVK*LPDAYER
527	 78	 Trypsin	 GPTEADELMK*R
	 61	 Trypsin	 GPTEADELMK*R
538	 50	 Trypsin	 VGFQYEGTYK*WVNPHK
544	 26	 Chymo	 KWVNPHK*L
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in vitro acetylated recombinant G6PD (isoform a), a total 
of 14 lysine residues (K77, K112, K119, K201, K235, K390, 
K396, K416, K438, K459, K462, K527, K538, K544) were 
identified as targets of aspirin‑mediated acetylation. These 
sites are dispersed throughout the length of the G6PD protein 
and are located in both the NAD‑binding (aa 65‑240) and 
the C‑terminal domains (aa 242‑536)  (24). These results 
suggested that, in some cancer cell lines, aspirin may cause a 
direct inhibition of G6PD activity by modifying the protein 
via acetylation; and this may potentially contribute to reduced 
synthesis of ribose sugars and NADPH in cancer cells.

Within cells, G6PD exists as a mixture of monomer, 
dimer, tetramer and hexamer; but only the dimeric and 
tetrameric forms of the enzyme are catalytically active (25). 
The active enzyme exists in a dimer↔tetramer equilibrium. 
It has previously been reported that G6PD isoform b (short 
form) is naturally acetylated at seven lysine residues: K89, 
K171, K386, K403, K432, K497 and K514  (25,26). These 
modified lysines in isoform b correspond to K119, K201, 
K416, K433, K462, K527 and K544 in G6PD isoform  a 
(long form). Among the naturally acetylated sites, and 
aspirin‑acetylated sites, six of the seven sites appear to be 
common: K119, K201, K416, K462, K527 and K544. Notably, 
the acetylation of K235 by aspirin in G6PD isoform a was 
observed in the present study. This corresponds to K205 
in isoform b; this lysine residue has been demonstrated to 
be part of the active site of the enzyme, and is important in 
catalysis (21). K205 is located within the highly conserved 
peptide RIDHYLGK (residues 198‑205, single letter amino 
acid code in isoform b) (27). Notably, in a previous study, 
it was reported that exposure of purified yeast G6PD to 
aspirin induced acetylation of a lysine within the G6PD 
peptide sequence IDHYLGK (aa 185‑191), which resulted 
in inactivation of the enzyme activity (28). These previous 
reports (21,28) along with the present findings, suggested 
that acetylation of this critical lysine (K205 in isoform b, 
and K235 in isoform a) important for catalysis may affect 
substrate binding (glucose‑6‑phosphate) and contribute to 
the aspirin‑mediated inhibition of G6PD activity observed in 
HCT 116 cells. Alternatively, acetylation of other lysines may 
affect the affinity of NADP binding to G6PD, or simply may 
affect the dimer/tetramer formation required for keeping the 
enzyme in the active configuration. Molecular modeling of 
G6PD isoform a suggested that the majority of aspirin‑acety-
lated lysines are surface‑exposed/solvent accessible (Fig. 4). 
Similar molecular modeling of isoform b suggested that the 
corresponding amino acids (including K205 in the active 
site) are also surface‑exposed (data not shown).

Wang  et  al  (25) revealed that acetylation of K403 (in 
G6PD isoform b), mediated by cellular lysine acetyltrans-
ferases, negatively regulated enzyme activity. In addition, it 
was demonstrated that K403‑acetylated G6PD is incapable 
of forming active dimers and displays a complete loss of 
activity. The K403 lysine in isoform b corresponds to K433 in 
isoform a, and in the present MS analysis, this lysine was not 
identified as a target of aspirin. However, other lysine residues 
in close proximity, including K416 and K438, were acetylated 
following treatment with aspirin.

The present study demonstrated that aspirin acetylates 
G6PD, and this is associated with decreased enzyme activity, 

potentially due to modification of a lysine within the highly 
conserved peptide RIDHYLGK. These are important findings 
in the context of the known role of G6PD in cancer cell growth. 
G6PD has been reported to be overexpressed in numerous 
types of cancer, including breast, colon, endometrial, cervical, 
prostate and lung cancers  (18,19,29‑32). Both NADPH and 
ribose‑5‑phosphates are essential products generated in the 
pentose phosphate pathway, which are important for cancer cell 
growth, through their contribution to nucleic acid biosynthesis 
and protection against oxidative stress. In addition, it has been 
reported that ectopic expression of G6PD in NIH3T3 cells 
significantly increased intracellular levels of NADPH and 
promoted anchorage‑independent cell growth  (33,34). Due 
to its important role in cancer development, and increased 
expression in cancer, it is argued that G6PD may be a potential 
therapeutic target for cancer treatment (19). Based on the find-
ings of the present study in HCT 116 cells, and the acetylation 
of K235 in isoform a G6PD (equivalent to K205 in isoform b), 
it is likely that aspirin may inhibit G6PD activity in other 
cancer cell types; and therefore, may contribute to decreased 
cancer cell growth through reduced synthesis of ribose sugars 
and NADPH.
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