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Original Article
REDD1 and p-AKT over-expression may predict  
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Wei Jia1, Bin Chang2, Lili Sun1,3, Huimin Zhu1,4, Lijuan Pang1, Lin Tao1, Hong Zou1, Jinze Du1, Yuling Dong1, 
Yan Qi1, Jinfang Jiang1, Weihua Liang1, Feng Li1, Xia Zhao5

1Department of Pathology, Shihezi University School of Medicine, Shihezi, China; 2Department of Pathology, 
Shanghai Cancer Hospital of Fudan University, Shanghai, China; 3Department of Pathology, The People’s Hospital 
of Puyang, Puyang City, Henan, China; 4Department of Gynecology & Obstetrics, The Third Affiliated Hospital of 
Luohe Higher Medical School, Luohe, China; 5Department of Gynecology & Obstetrics, The First Affiliated Hospital 
of Shihezi University School of Medicine, Shihezi, China

Received July 18, 2014; Accepted August 23, 2014; Epub August 15, 2014; Published September 1, 2014

Abstract: We investigated the clinical significance of regulated in development and DNA damage response (REDD1) 
and p-AKT expression in human ovarian cancer (OC), explored the correlation of KRAS mutations with REDD1 
expression, and assessed the therapeutic relevance of REDD1 in OC. We collected and immunohistochemically 
analyzed 118 formalin-fixed paraffin-embedded tumor tissue samples (100 primary OC and 18 borderline tumors) 
and 14 normal fallopian tubes, for REDD1 and p-AKT expression. Direct DNA sequencing for KRAS mutations and 
quantitative real-time polymerase chain reaction for detecting REDD1 mRNA expression were performed. REDD1 
and p-AKT expressions were significantly higher in serous adenocarcinoma than other histological types, and this 
increase positively correlated with late-stage disease. REDD1 expression correlated with ascites formation, while 
p-AKT expression correlated with higher histological grade and chemoresistance. Kaplan Meier survival analysis 
showed significantly reduced disease-free survival (DFS) and overall survival (OS) in OC patients with both REDD1 
and p-AKT overexpression. Patients with KRAS mutations had a longer DFS and OS. However, KRAS mutation and 
REDD1 over-expression was not correlated. Together, REDD1 and p-AKT over-expression may serve as a prognostic 
biomarker in OC, but KRAS mutations and REDD1 protein over-expression were not correlated in OC. We believe that 
with increasing knowledge of the role of REDD1 in cell migration, invasion, and proliferation pathways, the potential 
of REDD1 as a therapeutic target in OC may be uncovered.
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Introduction

Ovarian cancer (OC) is the most lethal gyneco-
logical malignancy. The majority of patients are 
diagnosed with OC at advanced stages, with an 
overall survival rate as low as 30% [1][Lalwani, 
2011 #248]. OC is remarkably heterogeneous 
at the clinical, cellular, and molecular levels. 
Histologically, OC is classified into serous 
(S-OC), mucinous (M-OC), endometrioid (E-OC), 
clear cell (CC-OC), transitional (Brenner cell), 
and undifferentiated types. S-OC, which is the 
most common histological subtype, accounts 
for about two-thirds of OC [2]. Patients with this 
malignancy have an extremely poor prognosis 
due to late clinical presentation, subtle symp-
tomatology, and rapid disease progression. In 

order to develop better preventive and diagnos-
tic approaches, as well as more effective treat-
ment modalities, a deep understanding is 
required of the molecular mechanisms impli-
cated in the complex process of ovarian carci-
nogenesis. Despite numerous diagnostic and 
therapeutic advances in the management of OC 
in recent years, there remains an urgent need 
to identify novel biomarkers to aid in prognosti-
cation, and for use as possible therapeutic 
options. 

Regulated in development and DNA damage 
response 1 (REDD1) (also known as RTP801/
Dig1/DDIT4), first identified in 2002, was ini-
tially identified as a stress response gene 
induced following DNA damage and other cellu-
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Table 1. Associations of REDD1 and p-AKT expression with clinicopathological characteristics in 100 ovarian cancer samples

Characteristics N
REDD1 Expression p-AKT Expression

Over-expression (%) Low expression (%)
χ2 P

Over-expression (%) Low expression (%)
χ2 P

43 57 53 47
Age 100
    ≤ 50 45 21 (46.7) 24 (53.3) 0.449 0.503 25 (55.6) 20 (44.4) 1.407 0.236
    > 50 55 22 (40.0) 33 (60.0) 24 (43.6) 31 (56.4)
FIGO stage 100
    Stage I 20 3 (15.0) 17 (85.0) 13.218 0.004 4 (20.0) 16 (80.0) 5.982 0.014
    Stage II 40 15 (37.5) 25 (62.5) 22 (55.0) 18 (45.0)
    Stage III 28 18 (64.3) 10 (35.7) 18 (64.3) 10 (35.7)
    Stage IV 12 7 (58.3) 5 (41.7) 9 (75.0) 3 (25.0)
Ascites 65
    Yes 48 30 (62.5) 18 (37.5) 5.530 0.019 31 (64.6) 17 (35.4) 0.719 0.397
    No 17 5 (29.4) 12 (70.6) 9 (52.9) 8 (47.1)
    Unknown 35
Histology type 100
    S-OC 42 27 (64.3) 15 (35.7) 14.509 0.006 33 (78.6) 9 (21.4) 21.280 0.001
    M-OC 17 3 (17.6) 14 (82.4) 8 (47.1) 9 (52.9)
    E-OC 17 5 (29.4) 12 (70.6) 5 (29.4) 12 (70.6)
    CC-OC 17 6 (35.3) 11 (64.7) 4 (23.5) 13 (76.5)
Mixed-type 7 2 (28.6) 5 (71.4) 3 (42.9) 4 (57.1)
    Chemotherapy response 39
    Responders 26 14 (53.8) 12 (46.2) 0.205 0.651 3 (11.5) 23 (88.5) 10.700 0.002
    Partial-responders 13 6 (46.2) 7 (53.8) 8 (61.5) 5 (38.5)
    Unknown response 61
Histological grade 100
    Grade 1 28 12 (42.9) 16 (57.1) 0.726 0.696 11 (39.3) 17 (60.7) 7.854 0.020
    Grade 2 32 12 (37.5) 20 (62.5) 14 (43.7) 18 (56.3)
    Grade 3 40 19 (47.5) 21 (52.5) 28 (70.0) 12 (30.0)
S-OC, serous ovarian cancer; M-OC, mucinous ovarian cancer; E-OC, endometrioid ovarian cancer; C-OC, clear-cell ovarian cancer.
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lar stress stimuli [3, 4]. A low-level of REDD1 
protein is ubiquitously expressed and is found 
in most mature tissues [4]. REDD1 is expressed 
in response to diverse stress conditions, and is 
also an important regulator of response to 
many transcription factors, including p53, p63, 
ATF4, Sp1, and HIF1 [4-7]. Abnormalities in 
REDD1-mediated signaling may disrupt energy 
homeostasis and the regulation of tumorigene-
sis and can act as a pro-apoptotic or anti-apop-
totic factor depending on different cellular 
microenvironments [6, 8]. Recent studies have 
demonstrated that AKT is activated in response 
to DNA damage via the action of the PI3K path-
ways [9]. Evidence suggests that REDD1 phos-
phorylates downstream AKT through the 
upstream tuberous sclerosis complex (TSC), to 
inhibit mTORC1 signaling [10, 11].

In a previous study, we demonstrated that 
REDD1 expression is required for RAS-mediated 
transformation of ovarian epithelial cells, and it 
serves as a transforming oncogene in ovarian 
cancer carcinogenesis [12]. However, to the 
best of our knowledge, the role of REDD1 in 
human OC has not been reported in the litera-
ture. We hypothesized that over-expression of 
REDD1 may be induced by KRAS mutations 
and synergize to activate AKT in OC.

The aims of the present study were to (1) deter-
mine whether REDD1 expression synergizes 
with phosphorylated AKT (p-AKT) and to investi-
gate its clinical significance, (2) to examine the 
correlation of KRAS mutations with REDD1 
expression, and (3) to assess the therapeutic 
relevance of REDD1 in OC patients.

Materials and methods

Patients and tissue specimens

One hundred and eighteen formalin-fixed paraf-
fin-embedded tumor tissue samples (100 pri-
mary ovarian cancer and 18 borderline tumors) 
and 14 normal fallopian tubes, obtained from 
132 patients were collected from the 
Department of Pathology, the First Affiliated 
Hospital of Shihezi University School of 
Medicine. The collection of specimens was 
approved and supervised by the Research 
Ethics Committee of first Affiliated Hospital of 
Shihezi University School of Medicine. Clinical, 
demographic and pathological data were 
obtained from the patients’ medical records. 
Histopathological evaluation was carried out 
independently by two pathologists. Histologi- 

cally, 42 tumors were considered as the S-OC 
type; 17 each were M-OC, E-OC, and CC-OC 
types; and seven were of the mixed histology 
type. Tumors were staged according to the FIGO 
classification: 60 Stage I/II tumors and 40 
Stage III/IV tumors. The majority of patients 
had undergone chemotherapy followed by sur-
gical debulking of the tumor mass, as summa-
rized in Table 1. A total of 73 cases were fol-
lowed up by interview in the clinic or by tele-
phone; follow-up ranged 3-192 months. The 
last follow-up time-point was December 17, 
2013. At this final follow-up point, 25 patients 
had died. Among the 48 patients still alive, 18 
had experienced tumor recurrence. The medi-
an age of patients was 58 years old (range 
20-77 years old).

Tissue microarray construction and immuno-
histochemistry

We constructed tissue microarray (TMA) blocks 
by selecting one representative paraffin-
embedded tissue block from every patient, and 
taking two cores from morphologically repre-
sentative areas of the block, according to 
established methods [13]. Each core was 
reviewed on a hematoxylin and eosin (H & 
E)-stained section to ensure that tumor cells 
were present in at least 70% of the core. 
Immunohistochemistry (IHC) staining was per-
formed on TMA slides using the EnVision sys-
tem (DAKO, Carpinteria, CA, USA), as previously 
described [14]. Primary antibodies used for IHC 
were as follows: monoclonal rabbit anti-phos-
pho-Akt (#3787, Cell Signaling Technology, 
Danvers, MA, USA; dilution, 1:100) and poly-
clonal rabbit anti-REDD1 (ab63059, Abcam, 
Cambridge, UK; dilution, 1:100). The reaction 
product was visualized with 3, 3’-diaminobenzi-
dine peroxidase (DAB) substrate kit (DAKO, 
Carpinteria, CA, USA) for 5 min at room temper-
ature, and the sections were counterstained 
with hematoxylin. Negative control sections 
were incubated with phosphate-buffered saline 
instead of primary antibody. IHC staining for 
REDD1 and p-AKT was analyzed by two gyneco-
logical pathologists, without prior knowledge of 
the clinical information. The IHC scoring system 
for REDD1 and p-AKT used in this work, has 
been widely established [15]; the percentage of 
positive cells (range, 0-100%) was multiplied by 
the staining intensity score (1, buff; 2, yellow; 
and 3, brown). Scores ≥ 150 were scored as 
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Figure 1. Immunohistochemical (IHC) staining of REDD1 and p-AKT in ovarian cancer (OC) tissue and non-cancer-
ous tissues. Paraffin-embedded sections of OC, borderline ovary tumor, and normal fallopian tube were stained 
using anti-REDD1 polyclonal antibody and p-AKT monoclonal antibody, as described in the Methods section. A-F.
Represent REDD1 IHC staining in serous-OC, mucinous-OC, endometrioid-OC, clear cell-OC, borderline tumor, and 
normal fallopian tube, respectively. G-L. Represent p-AKT IHC staining in serous-OC, mucinous-OC, endometrioid-
OC, clear cell-OC, borderline tumor, and normal fallopian tube, respectively. M. REDD1 and p-AKT protein levels are 
correlated (P < 0.05).
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over-expression, while those < 150 were scored 
as low expression.

DNA extraction and KRAS mutation analysis

Genomic DNA was extracted from tumor areas 
of FFPE tissues according to the manufactur-
er’s instructions using a QIAamp DNA FFPE 
Tissue kit (Qiagen Inc., Hilden, Germany). Exon 
1 of the KRAS gene was selected for mutation 
analysis by direct sequencing following PCR 
amplification. PCR amplifications were per-
formed using a PCR thermocycler (Bio-Rad, 
Hercules, CA, USA), with denaturation at 94°C 
for 3 min, followed by 33 cycles of 94°C for 1 
min, 58.5°C for 1 min, and 72°C for 1 min, fol-
lowed by a final extension at 72°C for 10 min. 
After DNA purification, direct sequencing was 
carried out by Biotechnologies, Sangon, China. 
The primers used were as follows: Ras exon 1, 
forward primer: 5’ GGC CTG CTG AAA ATG ACT 
GA 3’ and reverse primer: 5’ GTC CTG CAC CAG 
TAA TAT GC 3’.

Statistical analysis

All statistical analyses were performed using 
the Statistical Package for the Social Science 
(SPSS) (SPSS 13.0, Chicago, IL, USA). Pearson’s 
Chi-square test was performed to analyze the 
statistical significance of REDD1 and p-AKT 
expression in OC and control groups, as well as 
the associations between p-AKT expression 
and clinicopathological factors. Spearman’s 
rank correlation coefficient was used to ana-
lyze the correlation between KRAS mutations 
and the expression of REDD1 and p-AKT. The 
Kaplan-Meier method was used carry out sur-
vival analysis. A P-value of < 0.05 was consid-
ered to be significant.

Results

REDD1 and p-AKT expression by immunohis 
tochemistry in ovarian cancer and control 
groups 

IHC staining for REDD1 and p-AKT expression 
was performed on 100 primary ovarian tumors, 
18 borderline tumors, and 14 normal fallopian 
tube tissue samples (Figure 1A-L). REDD1 and 
p-AKT were mainly expressed in OC tissue. The 
expression of the two proteins was markedly 
different between cancerous and non-cancer-
ous tissue; positive staining for REDD1 and 

p-AKT in OC tissue was 43% and 53%, respec-
tively, whereas staining was much lower in bor-
derline tissue (2% and 3%, respectively) and 
normal fallopian tubes (3% and 2%, respective-
ly) (p=0.001) (Tables S1, S2). A positive correla-
tion between REDD1 and p-AKT was found in 
OC samples. In the OC group, there were 29 cas 
es of REDD1-over-expression/p-AKT-over-exp- 
ression, 33 cases of REDD1-low expression/p-
AKT-low expression, 14 cases of REDD1-over-
expression/p-AKT-low expression, and 24 
cases of REDD1-low expression/p-AKT-over- 
expression. Pearson’s Chi-square test indicat-
ed that p-AKT over-expression was significantly 
associated with REDD1 over-expression (P= 
0.012, r=0.251) (Figure 1M).

Associations between expression levels of 
REDD1 and p-AKT and clinicopathological fea-
tures

Associations between REDD1 and p-AKT 
expression and clinicopathological characteris-
tics were analyzed in 100 OC patients. REDD1 
and p-AKT expressions in OC samples were sig-
nificantly higher in patients with serous adeno-
carcinoma (P=0.006 and P=0.001, respective-
ly), and late FIGO stage (P=0.004 and p=0.014, 
respectively). REDD1 expression correlated 
with ascites formation (P=0.019), but no corre-
lation was found with chemotherapy response 
or histological grade (P=0.651 and P=0.696, 
respectively). p-AKT expression was higher in 
patients with higher histological grade (P= 
0.020), and partial or non-response to chemo-
therapy (P=0.002), but did not correlate with 
ascites formation (P=0.397) (Table 1).

Correlation of REDD1 and p-AKT expression 
with disease-free survival (DFS) and overall 
survival (OS)

In our study, survival analysis showed that 
patients with low expression of REDD1 had a 
longer disease-free survival (DFS) and overall 
survival (OS) than those with REDD1 over-
expression (P=0.020 and P=0.023, respective-
ly, Figure 2A and 2B). Similarly, patients with 
p-AKT positive expression had shorter DFS and 
OS (P=0.005 and P=0.017, respectively, Figure 
2C and 2D). When both REDD1 and p-AKT were 
taken into account, patients in the REDD1-
negative/p-AKT-negative group had the longest 
DFS and OS (P=0.001 and P=0.011, respec-
tively, Figure 2E and 2F). 
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Figure 2. Kaplan-Meier disease-free survival (DFS) and overall survival (OS) analysis of ovarian cancer patients. 
A, B. Patients with low expression of REDD1 had a longer DFS and OS than those with REDD1 over-expression 
(P=0.020 and P=0.023, respectively). C, D. Patients with p-AKT over-expression had shorter DFS and OS than those 
with low p-AKT expression (P=0.005 and P=0.017, respectively). E, F. Patients in the REDD1-low expression/p-AKT-
low expression group had the longest DFS and OS (P=0.001 and P=0.011, respectively). (-): low expression, (+): 
over-expression.
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Analysis of KRAS mutations in ovarian cancer 
samples and control groups

The KRAS mutation status was assessed in 82 
cases of OC, 18 borderline tumors, and 9 nor-
mal fallopian tube tissues. Mutations were 
more common in borderline lesions 4/18 
(22.2%) than in the tumor tissue 11/82 (13.4%). 
A single KRAS mutation was found in a benign-
appearing fallopian tube. Mutations were more 
common in mucinous lesions than in serous 
lesions (23.5% vs. 8.6%), but no statistical sig-
nificance was observed in this regard (Table 2). 
Of 82 cases of OC, 11 (13.4%) displayed muta-
tions in the KRAS gene, 9 (10.9%) of which were 
found in codon 12 and 2 (2.4%) in codon 13; 
the most commonly affected amino acid was 
G12V (gly12→val12) (Table S3). No mutation in 
codon 61 was found in any specimen. In this 
study, KRAS mutations were significantly asso-
ciated with lower grade (P=0.002) and Stage I 
tumors (P=0.024). No association was found 
between KRAS mutation status and age, or 
clinical stage. Kaplan-Meier analysis of 57 OC 
patients revealed that KRAS mutations were 
significantly associated with improved DFS and 
OS (P=0.031 and 0.014, respectively) com-
pared to KRAS wild-type patients (Figure 3A 
and 3B).

Discussion

Previously, we have found that REDD1 is a 
downstream target of the RAS oncogene, as 
shown by an increased expression of the 
REDD1 protein in RAS-transformed cells, indi-
cating that REDD1 may be a transforming onco-
gene in ovarian cancer cells [12]. In the present 
study, IHC analyses demonstrated that REDD1 

over-expression was common in high-grade 
S-OC and was significantly correlated with late 
clinical stage and ascites formation. However, 
correlations between REDD1 over-expression 
and RAS mutations had not been investigated 
in human ovarian cancer. In this study, we 
examined the frequency of mutations in the 
KRAS gene and found that 13.4% of OC cases 
displayed KRAS mutations, corresponding to 
mutation frequencies previously reported [16, 
17]. However, KRAS mutations did not correlate 
with REDD1 over-expression in OC, suggesting 
that there might be other oncogenic molecular 
alterations involved in the activation of REDD1. 

REDD1 can inhibit mTORC1 via TSC1/2, which 
acts as a negative regulator of mTORC1 activity 
[8]. Jin et al. [11] found that constitutive expres-
sion of REDD1 suppressed mTORC1 activity in a 
manner mediated by the TSC1/2 complex, and 
induced AKT S473 phosphorylation in H1299 
cell lines. In the present study, IHC analyses 
indicated that AKT S473 activation was associ-
ated with over-expression of REDD1 in OC tis-
sues. This suggests that over-expression of 
REDD1 may synergize with p-AKT expression, 
leading to ovarian carcinogenesis via the PI3K/
AKT/mTOR signaling pathway. While the exact 
mechanism underlying REDD1-induced AKT 
activation in OC is unclear at present, Maren 
Cam et al. [9] indicated that DNA damage can 
induce REDD1 to disrupt TSC2/14-3-3 binding, 
providing a means to rapidly extinguish mTORC1 
activation, which is known to activate AKT.

In the present study, patients had undergone 
chemotherapy followed by surgical debulking of 
the tumor mass, such as cisplatin and paclitax-
el agents. Initially, the majority of patients 
responded well to chemotherapy, but following 
recurrence, ovarian tumors are more aggres-
sive and resistant to chemotherapy. Our find-
ings suggest that some of the patients with 
p-AKT over-expression had chemoresistance. 
Kim et al. [18] and Craig et al. [19] also reported 
that over-expression of p-AKT was involved in 
chemoresistance in human ovarian cancer cell 
lines. The PI3K/AKT pathway could be a key 
oncogenic pathway regulating survival, tumori-
genesis, and chemoresistance in OC. Our IHC 
analyses demonstrated that p-AKT over-expres-
sion is a common event in OC, in line with pub-
lished findings [20-23]. We also analyzed cor-
relations between the expression status of 
p-AKT and clinicopathological characteristics 
and survival, to investigate the potential of 

Table 2. KRAS mutation profile in different ovarian 
tissues
Histology type n Mutated (n) Mutated (%)
S-OC 35 3 8.6
M-OC 17 4 23.5
E-OC 13 1 7.7
CC-OC 14 3 21.4
Mixed-type 3 0 0.0
Borderline tumors 18 4 22.2
Normal fallopian tubes 9 1 11.1
Total 109 16  14.7
S-OC, serous ovarian cancer; M-OC, mucinous ovarian cancer; 
E-OC, endometrioid ovarian cancer; C-OC, clear-cell ovarian 
cancer.
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p-AKT expression as a novel prognostic factor. 
The results showed that patients with p-AKT 
over-expression had a poorer prognosis, and 
this over-expression was commonly associated 
with high-grade, late-stage OC. Furthermore, 
patients with over-expression of both p-AKT 
and REDD1 tended to have a more unfavorable 
prognosis. Thus, we can conclude that over-
expression of p-AKT and REDD1 may predict 
poor survival in ovarian cancer.

Chang et al. [12] showed that transfection of 
REDD1 into non-tumorigenic immortalized ovar-
ian epithelial cell lines generated neoplasms 
that mimic high-grade papillary serous carcino-
ma in the peritoneal cavity in nude mice. In the 
present study, we demonstrated that REDD1 
protein expression was enhanced in human OC 
tissue, which indicates that REDD1 may act as 
an oncogene in human OC tissue. Chang et al. 
[12] also revealed the functional role of REDD1 
in RAS-mediated transformation of ovarian epi-
thelial cells. However, we did not find a similar 
relationship between REDD1 over-expression 
and KRAS mutation in OC tissue. The OC tissue 
samples examined in this study included four 
histological types: S-OC, M-OC, E-OC, CC-OC, 
and we postulate that REDD1/RAS may only be 
involved in the carcinogenesis of S-OC histo-
logical type.

In 2004, Shih and Kurman proposed a 2-tier 
system for classification of OC [24]. In recent 
years, this system has become more widely 

accepted. Type I (low malignant potential) tends 
to be associated with KRAS, BRAF, and PTEN 
mutations, whereas type II (high-grade carci-
noma) accounts for 90% of all serous carcino-
ma, which are characterized by TP53 mutations 
and genetic instability. In the present study, 
KRAS mutations are more frequent in type I 
tumors than in type II. KRAS mutations have 
been shown to characterize type I tumors and 
are generally associated with a more favorable 
clinical course [25-27]. Our findings also indi-
cate that patients with KRAS mutations had 
more favorable prognosis than patients with 
wild-type KRAS. 

In conclusion, REDD1 and p-AKT over-expres-
sion may serve as biomarkers of adverse prog-
nosis in OC, but KRAS mutations and REDD1 
protein over-expression in OC may not be cor-
related. To the best of our knowledge, the 
effects of REDD1 over-expression on ovarian 
tissue have not been reported in the literature. 
We believe that with increasing knowledge of 
the role of REDD1 in cell migration, invasion, 
and proliferation pathways, the potential of 
REDD1 as a therapeutic target in OC may be 
uncovered in future studies.
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Table S1. Expression of REDD1 in different ovarian tissues

Specimens
REDD1 expression

N P
Over (%) Low (%)

Cancer 43 (43.0) 57 (57.0) 100 0.016
Borderline 2 (11.1) 16 (88.9) 18
Normal 3 (21.4) 11 (78.6) 14

Table S2. Expression of p-AKT in different ovarian tissues

Specimens
p-AKT expression

N P
Over (%) Low (%)

Cancer 53 (53.0) 47 (47.0) 100 0.001
Borderline 3 (16.7) 15 (83.3) 18
Normal 2 (14.3) 12 (85.7) 14

Table S3. KAS mutation types in codons 12 and 13
Mutation Base change Amino acid N (%)
12ASP (G12D) GGT > GAT gly12→asp12 2 (12.5)
12ARG (G12R) GGT > CGT gly12→arg12 1 (6.3)
12CYS (G12C) GGT > TGT gly12→cys12 2 (12.5)
12VAL (G12V) GGT > GTT gly12→val12 8 (50.0)
13ASP (G13D) GGC > GAC gly13→asp13 3 (18.8)
Total 16
Gly, glycine; asp, aspartic acid, arg, arginine; cys, cysteine; val, valine.


