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Original Article 
GNAS gene mutation may be present only  
transiently during colorectal tumorigenesis
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Abstract: Mutations of the gene GNAS have been shown to activate the adenylate cyclase gene and lead to constitu-
tive cAMP signaling. Several preliminary reports have suggested a role for GNAS gene mutations during colorectal 
carcinogenesis, particularly mucinous carcinomas. The aim of this study was to clarify the incidence of GNAS muta-
tions in adenomas (tubular, tubulovillous, and villous), carcinomas with residual adenoma, and carcinomas, and to 
relate these findings to mutations of the KRAS gene and to the mucinous status of the tumors. We used standard 
PCR techniques and direct gene sequencing to evaluate tumors for gene mutations. No GNAS mutations were iden-
tified in 25 tubular adenomas, but were present in 6.4% of tubulovillous adenomas and 11.2% of villous adenomas. 
A GNAS mutation was found in 9.7% of the benign portion of carcinoma with residual adenoma, but in none of 86 
carcinomas. A similar trend was seen for KRAS mutation across the five groups of tumors. GNAS mutations may 
function as an important driver mutation during certain phases of colorectal carcinogenesis, but may then be lost 
once the biological advantage gained by the mutated gene is no longer necessary to sustain or advance tumor 
development.
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Introduction

Systematic analyses of variants in cancer have 
revealed numerous potential candidate cancer 
genes. A non-synonymous base change of the 
gene (GNAS) that encodes for the stimulatory 
G-protein alpha subunit is one candidate gene. 
[1]. The protein acts as a ubiquitously expressed 
signal transducer that transmits hormonal and 
growth factor signals to effector proteins; par-
ticularly, activation of the membrane-associat-
ed enzyme adenylate cyclase [2]. Mutations 
occurring at codon 201 of GNAS activate the 
adenylate cyclase gene and lead to constitutive 
cAMP signaling [3].

In vitro techniques employing cell lines have 
suggested that mutant GNAS may play a direct 
role in mucin production [4, 5]. GNAS muta-
tions are found frequently in several tumor 
types in which mucin production is prominent, 
such as appendiceal mucinous neoplasms [6, 
7] and intraductal papillary neoplasms of the 
pancreas [8] and of the bile ducts [9]. Further, 
GNAS mutations were reported to be frequent 
in villous adenomas [10]. 

The aim of this study was to clarify the inci-
dence of GNAS mutations in a large group of 
tubular, tubulovillous, and villous adenomas, 
carcinomas with residual adenoma, and carci-
nomas of the colorectum, and to relate these 
findings to mutations of the KRAS gene and to 
the mucinous status of the tumors. 

Materials and methods

The current study utilized samples collected for 
a prior study. The computerized records of the 
hospital Pathology Department were used to 
identify adenomas and carcinomas. All adeno-
mas were from patients known to be free of 
both colorectal cancer and multiple adenomas. 
The tubular adenomas represented ones we 
recently studied. The other tumors were previ-
ously evaluated for KRAS mutation [11]. All 
tubulovillous and villous adenomas from that 
study are included for this study, while the ade-
nocarcinomas with residual adenomas repre-
sented 84% of those previously studied. The 
carcinomas were selected to include all 31 
mucinous carcinomas previously studied, plus 
a random sampling of the previously studied 
non-mucinous carcinomas.
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Our previous study was approved by the hospi-
tal Institutional Review Board, and the current 
study was independently approved with a waiv-
er of HIPAA privacy authorization for anonymi- 
zed tissue analysis. All samples were archived 
material from our Department of Pathology. 
Clinical material primarily reflected a suburban 
community of middle economic level, with sub-
stantial representations from various minority 
groups (Asian, African-American) of both middle 
and low economic status. One clinical patholo-
gist reviewed all histological slides and indicat-
ed the areas for molecular study, including an 
area of normal tissue paired with each tumor. 
Histological slides stained with hematoxylin 
and eosin (H&E) and stored DNA samples were 
available for all cases. Criteria for differentia-
tion of adenomas followed the World Health 
Organization criteria with respect to villous 
component: tubular adenomas, <20%; tubulo-
villous adenomas, 20-80%; and villous adeno-
mas, >80%. Mucinous carcinoma was diagno- 
sed based upon the World Health Organization 
definition: in mucinous adenocarcinomas the 
presence of pools of extracellular mucin covers 
more than 50% of the tumor [12]. Right side 
colonic segments were defined as cecum, 
ascending, hepatic flexure, transverse; and the 
left side was considered the splenic flexure, 
descending, sigmoid and rectum. All authors 
had access to the study data and had reviewed 
and approved the final manuscript.

We defined carcinomas with residual adenoma 
as tumors in which both a benign component 
and an invasive malignant component were 
present within the surgically removed speci-
men. We focused our study of carcinomas with 
residual adenoma to those with villous or tubu-
lovillous benign areas. We excluded tumors 
with only tubular benign areas, as no tubular 
adenomas had demonstrated a GNAS muta-
tion. The percentage of the tumor that was 
benign compared to malignant varied from 20% 
to 80%, and tumors were included as long as 
isolated areas of both components were evalu-
able. All carcinomas were studied prior to the 
administration of any radiation or chemothera-
py. The pathological assessment did not pro-
vide information as to the clinical stage of the 
cancers, and reported stages are pathological 
stage only. Reference to all histological and 
molecular analyses was by coded numbers. 

DNA extraction and purification 

All tissue specimens were formalin-fixed and 
paraffin-embedded. Histological slides stained 
with H&E were examined and the area of rele-
vant tissue was identified and marked, as was 
an area of normal tissue. Paraffin blocks were 
available for all cases. For cases of carcinoma 
with residual adenoma, different slides (and 
therefore different paraffin blocks) were used 
for studying the benign and malignant portions. 
Consecutive unstained slides from the blocks 
were prepared and the corresponding areas 
were isolated under a dissecting microscope by 
manual dissection. Neoplastic cells were care-
fully curetted, with the contamination from non-
neoplastic cells (stoma, vascular) estimated at 
30-50% by histological examination. All curet-
ted samples contained an estimated 2000 to 
10,000 epithelial cells. The paraffin wax was 
removed by xylene and ethanol washes. Cellular 
material was lysed in a proteinase K buffer 
solution. DNA was isolated and purified using 
the QIAamp DNA Mini Kit (Qiagen Inc., Valencia, 
CA). DNA concentration was determined using 
a NanoDrop ND-1000 spectrophotometer 
(NanoDrop Technologies, Wilmington, DE).

Sequence analysis of the GNAS and KRAS 
genes

The codon 201 region in exon 8 of the GNAS 
oncogene was amplified using the primer set 
5’-ACTGTTTCGGTTGGCTTTGGTGA-3’ (forward) 
and 5’-AGGGACTGGGGTGAATGTCAAGA-3’ (re- 
verse). The codon 12/13 region in exon 2 of the 
KRAS gene was amplified using the primer  
set 5’-AAGGCCTGCTGAAAATGACTG-3’ (forward) 
and 5’-GGTCCTGCACCAGTAATATGCA-3’ (rever- 
se).

PCR was performed in 50 µl volumes with 
AmpliTaq Gold polymerase and ABI reagents 
(Applied Biosystems, Foster City, CA) using 100 
ng of template DNA, 50 pmols of primer, 2.0 
mM MgCl2, and 200 µM each dNTP on a Gene- 
Amp PCR System 9700 (Applied Biosystems, 
Foster City, CA). PCR consisted of an initial 8 
minute denaturation at 94°C, followed by 40 
total cycles of a 30 second denaturation at 
94°C, a 30 second annealing, and a one min-
ute elongation at 72°C, with a final 30 minute 
extension at 72°C. The annealing temperature 
was stepped down at 62°C, 60°C, and 58°C for 
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5, 15, and 20 cycles, respectively. The post-
PCR products were purified using the QIAquick 
PCR Purification Kit (Qiagen Inc., Valencia, CA) 
prior to sequencing. The sequencing reactions 
were performed in 20 µl volumes using 0.25X 
BigDye Terminator Cycle Sequencing Reagents 
(Applied Biosystems, Foster City, CA), 5.0 pmol 
of the reverse GNAS primer, and 1.0 µl of the 
purified PCR reaction. Reactions were run on a 
GeneAmp PCR System 9700 (Applied Biosy- 
stems, Foster City, CA) for 25 cycles using a 
two-minute extension time. The sequencing 
reaction fragments were cleaned using isopro-
panol precipitation. Sequencing products were 
separated by capillary electrophoresis with an 
ABI 3130 Genetic Analyzer and the data we- 
re processed with Sequencing Analysis v5.2 

(Applied Biosystems, Foster City, CA) software. 
This method can detect as low as 10% mutant 
cells within a background of wild type cells.

Statistical methods

The Chi square method was used to compare 
clinical characteristics across the five tu- 
mor groups. Analysis of variance was used to 
compare the age distribution across groups. 
Fisher’s Exact test (2-sided) was used to com-
pare gene mutations across the groups. 

Results

All analyses were performed on stored DNA 
from previously studied colorectal tumors. Th- 
ese included: 1. tubular adenomas, 2. tubulovil-

Table 1. Clinical characteristics of colorectal tumors assayed for GNAS mutation
Tubular

adenoma
Tubulovillous

adenoma
Villous

adenoma
Carcinoma

with adenoma Carcinoma
P value

No. (%) No. (%)* No. (%)* No. (%) No. (%)
No tumors 25 31 98 62 86
Gender
    Male 16 (64) 15 (52) 41 (43) 25 (40) 38 (44) 0.29
    Female 9 (36) 14 (48) 55 (57) 37 (60) 48 (56)
Age 62.1 64.0 67.6 67.7 70.6 0.01
    Age range 44-78 48-82 40-92 36-88 24-95
Location
    Right 14 (56) 12 (39) 54 (55) 45 (73) 54 (63) 0.02
    Left 11 (44) 19 (61) 44 (45) 17 (27) 32 (37)
*Two people had two adenomas each.

Table 2. GNAS and KRAS findings in colorectal tumors

Tubular
adenoma

Tubulovillous
adenoma

Villous
adenoma

Carcinoma with
residual adenoma Carcinom P value

Benign Malignant
No. (%) No. (%) No. (%) No. (%) No. (%) No. (%)

No. 25 31 98 62 86
GNAS
    Mutated 0 (0) 2 (6.4) 11+ (11.2) 6+ (9.7) 3 (4.8) 0 (0) 0.53
    Wild 25 (100) 29 (93.6) 87 (88.8) 56 (90.3) 59 (95.2) 86 (100)
GNAS Mutation type
    R201H 2 7 5 2
    R201C 5 1 1
    R201S 1
KRAS
    Mutated 4 (16) 22 (71) 60 (61) 33 (53) 39 (63) 27 (31) <0.0001
    Wild 21 (84) 9 (29) 38 (39) 29 (47) 23 (37) 59 (69)
+One tumor had two different mutations.
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lous adenomas, 3. villous adenomas, 4. carci-
nomas with residual adenoma, and 5. carcino-
mas (without residual adenoma). Carcinomas 
with residual adenoma were resected speci-
mens containing histologically confirmed areas 
of an adenoma as well as invasive cancer. The 
patient’s gender, age and tumor location are 
shown in Table 1. The mean age for each group 
of tumors is different (p = 0.01), with the mean 
age of patients with cancer the oldest. Both 
genders are equally represented across the five 

tumor groups (p = 0.29). Right-sided tumors 
are more frequent for the carcinoma with resid-
ual adenoma group than the other four tumor 
groups (p = 0.02). Although each group of 
tumors was specifically selected, the age rang-
es are broadly consistent with established find-
ings. Our samples for villous adenomas and 
cancer contained more females than males 
and more right than left-sided tumors, reflect-
ing perhaps specific inclusion of mucinous 
cancers.

A total of 25 tubular adenomas were studied. 
No GNAS mutations were detected in any of  
the tubular adenomas, although several were 
found to have a KRAS mutation (Table 2). Two 
of the 31 (6%) tubulovillous adenomas demon-
strated a GNAS mutation (Figure 1), with 22 of 
the 31 (71%) tubulovillous adenomas harboring 
a KRAS mutation. Among villous adenomas, 11 
of 98 (11%) demonstrated a GNAS mutation. A 
total of 60 (61%) of the villous adenomas con-
tained a KRAS mutation. Ten villous adenomas 
with a GNAS mutation contained abundant 
intracellular mucin, involving over 50% of the 
tumor. Mucin status was not available for one 
villous adenoma. Of the 11 villous adenomas 
with a GNAS mutation, 7 (64%) also demon-
strated a KRAS mutation, while 4 demonstrat-
ed wild type KRAS. Five of the villous adeno-
mas with a GNAS mutation were found in the 
right colon and 6 were from the left colon. 

The pathological stage of the 62 carcinomas 
with residual adenoma were: stage 0 = 4, stage 
1 = 22, stage 2 = 9, stage 3 = 19, stage 4 = 4 
and unknown stage = 4. A total of 21 of these 
62 tumors (34%) contained mucin within the 
cancerous part of the tumor, with 9 tumors hav-
ing over 50% mucin and 12 tumors with 30-50% 
mucin. Among these 62 carcinomas with resid-
ual adenoma, 6 (10%) demonstrated a GNAS 
mutation in the benign part of the tumor, with a 
GNAS mutation in just two of the six associat- 
ed malignant portions (Table 3). Of these six 
tumors, three demonstrated a KRAS mutation 
in the benign portions. Of the four tumors with 
GNAS mutation in the benign part but GNAS 
wild type in the cancerous part, there was 
extensive cellular material in two of the cancer 
sections studied, while two cancer samples 
had more limited cellular material associated 
with extensive mucin; however, both of these 
two samples contained sufficient cellular DNA 
to demonstrate a KRAS mutation. 

Figure 1. DNA anti-sense sequence analysis of GNAS 
from codon 204 through 199. A. DNA from normal 
tissue. The black arrow indicates the wild-type pat-
tern showing a single peak at the 602 nucleotide po-
sition of codon 201. B. DNA from a villous adenoma. 
The arrow indicates a heterozygous mutant peak un-
der the wild-type peak.
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Four of the six carcinomas with residual adeno-
ma showing a GNAS mutation were from the 
right colon and 2 were from the left colon. The 
benign portions of these six tumors demon-
strated between 30%-50% intracellular mucin, 
and a similar degree of mucin was present in 
the cancerous part of five of the six tumors. The 
benign portion of three of the six carcinomas 
with residual adenoma was villous and was 
tubulovillous in the other three tumors. One 
carcinoma with residual adenoma demonstrat-
ed no GNAS mutation in the benign portion but 
was mutated in the malignant portion. This 
tumor contained >50% mucin in the cancerous 
portion (Figure 2). Overall, a KRAS mutation 
was found in 63% of the benign portions of the 
carcinomas with residual adenoma and in 53% 
of the malignant portions (Table 2).

The 86 colorectal carcinomas studied included 
15 with greater than 50% mucin, 16 with be- 

carcinoma varies, but is approximately 10% of 
colorectal cancers; the clinical significance of 
mucinous carcinoma is controversial [13, 14]. 
The suggestion that mucinous colorectal carci-
nomas develop through a genetic pathway that 
is different from that of non-mucinous carcino-
mas is supported by the identification of gene 
mutations specific to tumors producing mucus 
[15], as well as more generalized genetic differ-
ences [16]. Since GNAS mutations are found 
frequently in other mucinous tumors, it is rea-
sonable to consider the possibility that a muta-
tion in the gene GNAS is present in mucinous 
colorectal cancer.

Several published studies suggest a role gener-
ally for GNAS gene mutations in the process  
of colorectal carcinogenesis. One study using 
transgenic Apc(Min/+) mice reported that GNAS 
mutations promoted the formation of intestinal 
adenomas through augmentation of the Wnt 
and ERK1/2 MAPK pathway in the intestinal 
epithelium [17]. A study of human tumors re-
ported a GNAS mutation in 20 of 24 villous 
adenomas [10]. 

Another study of 12 carcinomas with residual 
adenoma found GNAS mutation in both the 
benign and malignant portions in 3 tumors, and 
in just the benign portion for 6 additional 
tumors [18]. However, other studies have found 
GNAS mutations to be uncommon in human 
colorectal cancer, occurring in just 2% in one 
study [10], and in just 0.47% of a larger study of 
advanced colorectal cancer [19]. A recent 
paper reported a GNAS mutation in 6 of 311 
(1.9%) colorectal cancers. Five of these 6 can-
cers had a mucinous phenotype. The authors 

Table 3. Carcinomas with residual adenoma showing a 
GNAS mutation in one or both portions, with KRAS muta-
tion status and mucin status
Tumor # Adenomatous part Carcinomatous part

GNAS mut KRAS GNAS mut Mucin KRAS
1 R201C Mutated R201C <50%* Mutated
2 R201H Wild WILD <50% Wild
3 R201H Wild WILD <50% Mutated
4 R201H/R201S Wild R201H <50% Mutated
5 R201H Mutated WILD <50% Mutated
6 R201H Mutated WILD <50% Mutated
7 WILD Mutated R201H >50% Mutated
*Carcinomas with >50% mucin meet WHO criteria for mucinous adeno-
carcinoma.

Figure 2. Hematoxylin and eosin stain of a carcinoma 
with residual adenoma. Area A indicates invasive car-
cinoma. Area B is part of the residual tubulovillous 
adenoma. 400X light microscope.

tween 30-50% mucin, and 55 lacking 
significant mucin. The stages of the 
cancers were: stage 1 = 21, stage 2 = 
21, stage 3 = 40, stage 4 = 3, and 
unknown stage = 1. All colorectal car-
cinomas, regardless of mucin status 
or stage, demonstrated wild type 
GNAS. A total of 27 (31%) of the carci-
nomas demonstrated a KRAS muta-
tion (Table 2). 

Discussion

Colorectal mucinous adenocarcinoma 
is a subtype of colorectal carcinoma 
that contains prominent mucin pro-
duction. The frequency of mucinous 
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then selected an additional 19 mucinous colon 
carcinomas, and found a GNAS mutation in 4 
(21%) [20]. 

We did not detect GNAS mutations in villous 
adenomas with the frequency (83%) reported 
by Yamada [10]. However, our sample size is 
four times larger, and there are differences in 
the source of material and ethnicity between 
our two populations. A recent paper reported a 
GNAS mutation in 0 of 17 tubular adenomas, 3 
of 20 (15%) tubulovillous adenomas, and 6 of 
13 (46%) villous adenomas from United States 
patients [21], results that parallel our findings. 
The authors further report a GNAS mutation in 
just 10 of 428 (2.3%) colorectal carcinomas, 
and 7 of 8 of the carcinomas with a GNAS 
mutation available for histological review re- 
vealed a prominent villous morphology. Fur- 
thermore, five of these 8 tumors arose in a con-
tiguous villous adenoma [21], similar to our 
findings. 

All 31 of the carcinomas with >30% mucin we 
studied were GNAS wild type. Thus, our findings 
do not specifically correlate with the mucinous 
status of the colorectal tumors. Rather, our 
data indicate a specific phase of colorectal car-
cinogenesis during which GNAS may be mutat-
ed within the evolving tumor. This phase corre-
lates with the villous features of colorectal 
tumors. GNAS mutations appear within a few 
tubulovillous adenomas and are also found 
within villous adenomas and the villous or tubu-
lovillous parts of carcinomas with residual ade-
noma. The frequency of mutation then lessens 
within the carcinomatous portion of the carci-
nomas with residual adenoma, as the benign 
adenoma is progressively replaced by carcino-
ma, and the mutation is not detected in the car-
cinomas lacking residual adenomatous tissue. 

A similar increase and then decrease in the fre-
quency of a particular gene mutation during 
colorectal carcinogenesis is also noted for our 
KRAS data, and as we reported in more detail 
previously [11]. Our data and the literature data 
summarized above clearly demonstrate that 
GNAS mutation is not detected in tubular ade-
nomas. However, GNAS mutation is found in 
tubulovillous and villous adenomas, but then 
less frequently in carcinomas. When a GNAS 
mutation is detected in carcinomas, it is most 
likely found in those cancers with residual ade-
noma, or villous or mucinous histology. 

It is possible that a GNAS mutation is just one 
of several possible pathways contributing to 
excess mucin production in colorectal tumors 
with villous features. 

It is not clear what accounts for the fall-off in 
the frequency of GNAS mutation with advanc-
ing tumor type. However, a similar finding has 
been reported for mutations in the APC gene in 
gastric neoplasms [22]. In this study, the 
authors found a higher APC mutation rate for 
gastric adenomas (76%) than for gastric adeno-
carcinomas (4%). 

One possible explanation for our findings is that 
GNAS mutations (and KRAS mutations) may 
function as important driver mutations during a 
certain phase of colorectal carcinogenesis, but 
then may be lost once the biological advantage 
gained by the mutated gene is no longer neces-
sary to sustain or advance tumor development, 
as previously suggested [10]. 

This theory postulates that as an adenoma, the 
GNAS mutation confers a selective growth 
advantage, and it is a “driver” mutation. How- 
ever, if this mutation were of no growth advan-
tage in the later stages of carcinogenesis, then 
the development of additional random changes 
could result in the loss of the allele with the 
GNAS mutation. 

Indeed, it has been suggested that the selec-
tive advantage of any given driver mutation is 
low, 0.4% [23], and that there is a resulting high 
“extinction rate” for driver mutations, as high 
as 99% by one estimate [24].

Another possible explanation for the observed 
data is that adenomas with a GNAS mutation 
fail to become cancerous more frequently than 
those without a GNAS mutation. It is known 
from cross sectional data that not all adeno-
mas are destined to advance to malignancy 
[25]. However, the decrease in frequency of 
GNAS mutation from adenoma to carcinoma is 
quite large, and would appear to exceed the dif-
ference between the incidence of adenoma 
and carcinoma detection. Furthermore, it is 
unlikely that very many of carcinomas with 
residual adenomatous tissue containing a 
GNAS mutation would remain both asymptom-
atic and also fail to progress pathologically. 

On the cellular level, it is possible that adeno-
mas contain two populations of tumor cells, 
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one with a GNAS mutation and one that is 
GNAS wild type. For example, studies have 
shown that not all areas of a colorectal tumor 
necessarily contain identical KRAS findings 
[26]. Growth of the tumor beyond a certain 
point might involve loss of the GNAS mutated 
cells and continued growth of the cells with 
wild-type GNAS. Indeed, a study of melanomas 
reported that malignant cells with BRAF gene 
mutations do not outgrow cells with wild-type 
BRAF, and the authors suggested that the cells 
with BRAF mutation undergo senescence [27]. 
We have no data on variations in the GNAS find-
ings across individual colon tumors, but it is an 
infrequent finding for KRAS, and it is unlikely 
that two competing clones, one with a GNAS 
mutation and one with wild type, would explain 
the large difference in GNAS findings between 
adenomas and carcinomas. 

In conclusion, our genetic epidemiological data 
on GNAS mutation during colorectal carcino-
genesis mirrors our previous findings for KRAS 
gene mutation, with the gene mutation present 
within specific histological stages of tumorige-
neis; but with further progression into a carci-
noma, the mutation is lost. Thus, a given muta-
tion, once acquired, need not persist indefinite-
ly within the evolving tumor, even a key driver 
mutation. 
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