
models, it has been shown that FBW7 regulates the ex-
pression of KLF5 target genes through the modulation of 
KLF5 stability. In this review, we summarize the current 
progress on delineating FBW7-mediated KLF5 ubiquitina-
tion and degradation.
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Core tip: The protein levels of Krüppel-like factor (KLF)5 
are tightly controlled in cell. Ubiquitination and destruc-
tion of KLF5 via  FBW7, a famous tumor suppressor, has 
proved to have important roles in multiple cellular pro-
gresses by different studies. Here, we summarize these 
studies and show the physiological and pathological 
significance of FBW7-mediated degradation of KLF5.
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INTRODUCTION
Krüppel-like factor (KLF) family proteins are important 
transcription factors that regulate numerous cellular pro-
cesses[1]. KLF5 is a member of  the KLF family that has 
been well-studied and shown to play a key role in mediat-
ing multiple cellular activities, such as proliferation and 
differentiation, in both normal and tumor cells[2]. Post-
translational modifications of  KLF5, including ubiqui-
tination, SUMOylation, acetylation, and phosphorylation, 
can impact both the stability and activity of  KLF5, thus 
affecting its downstream cellular functions[3-8].

FBW7 is the mammalian homolog of  CDC4 in Sac-
charomyces cerevisiae and SEL10 in C. elegans. It is a compo-
nent of  the SCF (SKP1-CUL1-F-box protein) ubiquitin 
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Abstract
Krüppel-like factor (KLF) family proteins are transcription 
factors that regulate numerous cellular functions, such as 
cell proliferation, differentiation, and cell death. Posttrans-
lational modification of KLF proteins is important for their 
transcriptional activities and biological functions. One KLF 
family member with important roles in cell proliferation 
and tumorigenesis is KLF5. The function of KLF5 is tightly 
controlled by post-translational modifications, including 
SUMOylation, phosphorylation, and ubiquitination. Recent 
studies from our lab and others’ have demonstrated that 
the tumor suppressor FBW7 is an essential E3 ubiquitin 
ligase that targets KLF5 for ubiquitination and degrada-
tion. KLF5 contains functional Cdc4 phospho-degrons 
(CPDs), which are required for its interaction with FBW7. 
Mutation of CPDs in KLF5 blocks the ubiquitination and 
degradation of KLF5 by FBW7. The protein kinase Glyco-
gen synthase kinase 3β is involved in the phosphoryla-
tion of KLF5 CPDs. In both cancer cell lines and mouse 
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ligase complex. FBW7 is thought to have an important 
role in tumor biology by serving as a critical regulator of  
several oncoproteins, and mutations of  FBW7 are found 
in a rapidly expanding number of  human neoplasms[9].

In this review, we summarize the progress of  research 
on FBW7-mediated KLF5 degradation and ubiquitina-
tion and show the physiological and pathological signifi-
cance of  KLF5 regulation by FBW7. 

KRÜPPEL-LIKE FACTOR FAMILY AND 
KLF5
KLFs are a family of  transcription factors with homolo-
gies to the Krüppel protein and the transcription factor 
Sp1 in Drosophila melanogaster and mammals, respec-
tively[1]. To date, 17 mammalian KLFs have been identi-
fied, all of  which contain three zinc finger motifs at the 
carboxyl-terminals, which are responsible for binding 
to GC-rich DNA sequences[10,11]. The KLFs have been 
demonstrated to play essential roles in development, im-
munity and cancer[1,10-15].

KLF5, also known as BTEB2 and IKLF, is an impor-
tant KLF factor. KLF5 is widely expressed in various tis-
sues, including lung, colon, intestine, and pancreas[2,16-19]. 
KLF5 is located at chromosomal position 13q22.1 in 
the human genome. It is involved in the regulation of  
diverse cellular functions, including cell cycle, prolifera-
tion, apoptosis, differentiation and stem cell self-renewal, 
by regulating the expression of  numerous genes (Figure 
1)[2,20-23]. Previous studies have shown that KLF5 plays a 
pivotal role in regulating cardiovascular remodeling[24-26]. 
Heterozygous KLF5-knockout mice showed reduced re-
sponses to cardiac injury, angiogenesis, hypertrophy and 
fibrosis[24,25]. In addition, KLF5 activity is regulated by 

other transcriptional regulators and nuclear receptors that 
are also involved in cardiovascular remodeling and injury 
response[24,25]. In tumor biology, KLF5 also has context-
dependent proliferative or anti-proliferative activities in 
cancer cells and may function as either a tumor suppres-
sor or an oncoprotein[27-29]. 

The functions of  KLF5 are tightly controlled by post-
translational modifications, including ubiquitination, 
SUMOylation, acetylation and phosphorylation[3-8,21,30,31]. 
For example, the SUMOylation of  Lys151 and Lys202 
regulates KLF5 nuclear localization[3]. Phosphorylation 
of  KLF5 by PKC may enhance the transcriptional activi-
ties of  KLF5 by promoting its interaction with CREB-
binding protein[21]. In addition, KLF5 activity is also 
regulated by its acetylation status[4]. Moreover, KLF5 is a 
short-lived protein in cells and its protein level is tightly 
controlled by the ubiquitin-proteasome system[5-8,31,32]. 
Several E3 ubiquitin ligases, such as Smurf2, WWP1 and 
EFP, have been shown to degrade KLF5[7,31,32]. In 2010, 
Dr. Chen C’s group and our laboratory both reported 
that KLF5 is targeted for ubiquitination and degradation 
by the E3 ubiquitin ligase FBW7[6,8]. In the past three 
years, several studies from different groups have also pro-
vided evidence strongly supporting KLF5 as an essential 
FBW7 substrate under both physiological and pathologi-
cal conditions[6-8,31-34]. 

UBIQUITIN-PROTEASOME SYSTEM AND 
FBW7
Cellular protein levels are tightly controlled by protein 
degradation. The ubiquitin-proteasome system (UPS) is 
the major pathway for the degradation of  approximately 
90% of  all proteins in cells[35-37]. The UPS acts by pro-
moting protein ubiquitination and delivering the ubiq-
uitinated proteins to the 26S proteasome for degrada-
tion[36]. The UPS is an enzymatic cascade containing three 
enzymes: enzyme-1 (E1), the ubiquitin-activating enzyme; 
E2, the ubiquitin carrier protein (ubiquitin-conjugating 
enzyme); and E3, the ubiquitin-protein ligase. E3 deter-
mines the specificity of  protein degradation[35]. To date, 
more than 600 E3s have been identified in mammals and 
categorized into either the RING or HECT family of  E3 
ubiquitin ligases[38-40].

FBW7 (F-box and WD repeat domain-containing 
7, also named CDC4, SEL10, or AGO) is the substrate 
recognition subunit of  the E3 ubiquitin ligase complex 
SCFFBW7 (Skp1-Cullin-FBW7), which can target various 
proteins that are involved in cell proliferation for degra-
dation[9]. Many substrates of  FBW7 have been identified, 
including c-Myc, Cyclin E, Notch, TGIF, c-Jun, Mcl-1, 
p100 and so on (Table 1)[41-56]. There are three known iso-
forms of  FBW7 with different subcellular localizations, 
including FBW7α, FBW7β and FBW7γ[9,57]. FBW7α is 
mainly localized to the nucleoplasm. FBW7β contains a 
transmembrane domain and is localized to the cytosol. 
FBW7γ is localized to the nucleolus via a nucleolar local-
ization signal at its N terminus[9]. Each FBW7 isoform 
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contains a F-box domain and WD40 repeats. The F-box 
domain contains approximately 40 amino acids that are 
involved in recruiting the SCF complex through direct in-
teraction with SKP1. WD40 repeats are thought to form 
multiple contacts with various substrates[57-62].

FBW7 recognizes its substrates through a conserved 
phospho-epitope known as the Cdc4 phospho-degron 
(CPD), in which a central phospho-threonine/serine is em-
bedded within hydrophobic residues in a I/L-I/L/P-pT-P-
<K/R>4 (where K and R are unfavorable residues at posi-
tions 2 to 5) motif[9]. Most of  the FBW7 substrates contain 
at least one conserved CPD, and the phosphorylation of  
the central Ser/Thr is usually mediated by the protein ki-
nase Glycogen synthase kinase 3 (GSK-3)β[61,63,64].

Numerous studies have demonstrated that FBW7 
functions as a tumor suppressor in various cancers. Mu-
tant FBW7 is frequently found in human tumors. For ex-
ample, amino acid substitutions such as Q264R, H460R, 
and R465C have been found in breast cancer, cholangio-
carcinoma and colon cancer, respectively[52,65-67]. 

FBW7 INTERACTS WITH KLF5 IN VIVO 
AND IN VITRO
KLF5 contains several potential CPDs[6]. Data from Dr. 
Chen’s group and our laboratory have indicated that all 
three isoforms of  FBW7 can bind to KLF5 in vivo[6,8]. 
Mass spectrometry data have also shown that endog-
enous KLF5 can be co-purified with FBW7 in different 
cell types[46]. The interaction of  KLF5 with FBW7 is 
dependent on the KLF5 CPD(s). Mutations within the 
KLF5 CPDs were shown to abolish the interaction. In 
addition, FBW7 binds to KLF5 via the WD40 repeats on 

FBW7. This interaction is also dependent on the phos-
phorylation of  KLF5 CPDs by GSK3β, and inhibition 
of  GSK3β activity can reduce FBW7 binding to KLF5. 
GSK3β activity is regulated by various extracellular stim-
uli such as Wnt and growth factors[68,69], but it is still un-
clear whether the interaction between KLF5 and FBW7 
is also regulated by extracellular signals.

FBW7 TARGETS KLF5 FOR 
UBIQUITINATION AND DEGRADATION
As a component of  the SCF E3 ubiquitin ligase com-
plex, co-expression of  FBW7α or FBW7γ was shown 
to markedly promote the degradation of  co-expressed 
KLF5, which could be blocked by the proteasome inhibi-
tor MG132. In contrast, other F-box-containing proteins 
such as β-TrCP1, FBXW2, FBXW5 and FBXW8 had lit-
tle effect on KLF5 stability. FBW7 with its F-box domain 
deleted or the WD40 domain of  FBW7 alone failed to 
mediate KLF5 degradation, suggesting that FBW7-medi-
ated KLF5 degradation requires the recruitment of  other 
components of  SCF E3 ligase. R338 residue in FBW7 is 
considered as a key residue in regulating the interaction 
of  FBW7 with its substrates. Mutation of  R338 to lysine 
blocks FBW7 mediated KLF5 degradation (Figure 2). 
Depletion of  endogenous FBW7 significantly increased 
the amount of  endogenous KLF5 protein without affect-
ing the KLF5 mRNA level. KLF5 protein level was also 
upregulated in FBW7-deficient DLD1 cells and the half-
life of  endogenous KLF5 was dramatically extended in 
these cells compared with the WT DLD1 cells.

Moreover, FBW7 also promotes KLF5 ubiquitination 
in vitro and in vivo. The ubiquitination of  KLF5 by FBW7 
is dependent on the phosphorylation of  KLF5 CPDs. 
Mutation of  KLF5 CPDs dramatically blocked FBW7-
induced KLF5 ubiquitination.

In addition to FBW7, WWP1, EFP and Smurf2 were 
also identified as E3 ligases that can target KLF5 for 
degradation[7,31,32]. Both WWP1 and Smurf2 belong to 
the HECT E3 ubiquitin ligase family[70,71]. Unlike FBW7, 
WWP1 and Smurf2 degrade KLF5 in a phosphorylation-
independent manner. Interestingly, FBW7 and WWP1 ap-
pear to degrade KLF5 in a compensatory manner because 
knockdown of  WWP1 was shown to cause an increase in 
FBW7 expression, and vice versa[8]. Degradation of  KLF5 
by multiple E3 ubiquitin ligases signifies the importance 
of  the regulation of  KLF5 protein stability under various 
physiological and pathological conditions[5-8,31-34].

KLF5 CONTAINS CPDS THAT ARE 
REQUIRED FOR ITS DEGRADATION 
THROUGH FBW7
FBW7 targets a substrate for degradation through the 
CPD consensus sites on the substrate[63]. KLF5 contains 
three potential CPDs: 242-LNTPDLDM, 301-PPSPPSSE 
and 322-NLTPPPSY (Table 1). Mutations of  individual 
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Table 1  Sequences of Cdc4 phospho-degrons in FBW7 substrates

Substrate Cdc4 phospho-degron Phospho-site

CyclinE LLTPPQSG T380  S384
Myc LPTPPLSP T58   S62
JUN GETPPLSP T239  S243
NOTCH1 FLTPSPE T2512
TGIF FNTPPPTP T235  T239
SRC3 VHSPMASS S505  S509
mTOR LLTPSIHL T631
MCL1 DGSLPSTP S159 T163 S121
KLF5 LNTPDLDM/PPSPPSSE/

NLTPPPSY
T244 S303 T324

KLF2 PDTPPLSPD/LLTPPSSP T171 S175 T243 S247
SREBP TLTPPPSDAGSP T426 S430 S434
SV40 large T antigen PPTPPPEP T701
MED13/MED13L SSVTLTPPTS T326
NF-kB2 LPSPPTSDSDSD S707 S711
C/EBPα HPTPPPTP T222 T226
C/EBPσ QPTPPQSP T157 S161
HIF1a DQTPSPSDGSTRQSS T497 S451
AuroraA LSYCHSK/NSSKPSN S245 S387
C-Myb LMTPVSED T572 S556 S528
NRF1 LFSPEVE S350
PGC1 PLTPESPN/GLTPPTTP T263 T295

NK-kB: Nuclear factor kB; KLF: Krüppel-like factor.



CPDs in mouse KLF5 were shown to have a minor effect 
on FBW7-mediated degradation. However, simultaneous 
mutations of  two CPDs markedly blocked KLF5 interac-
tion with FBW7 and KLF5 degradation. Mutations of  all 
three CPDs completely abolished FBW7-induced KLF5 
ubiquitination and degradation. Although KLF5 contains 
three CPDs, both Dr. Chen’s group and ours have found 
that phosphorylation of  Ser303 in 301-PPSPPSSE is 
especially essential for FBW7-mediated degradation. In 
addition, Dr. Vincent W Yang’s group also found that 
P301 in KLF5 CPD is important for interaction between 
FBW7 and KLF5 and FBW7-mediated degradation of  
KLF5. P301S KLF5, a somatic mutation in KLF5 found 
in human colorectal cancer tissues, has a higher transcrip-
tional activity than WT KLF5 and is resistant to FBW7α-
mediated degradation, suggesting that P301S KLF5 mu-
tant play an oncogenic role in colorectal cancer[72].

GSK3α IS A KEY PROTEIN KINASE 
FOR KLF5 PHOSPHORYLATION AND 
DEGRADATION 
GSK-3 is a serine/threonine protein kinase[73] that phos-
phorylates the central serine/threonine residues in the 
CPDs of  numerous FBW7 substrates[9], including KLF5. 
Co-expression of  KLF5 with GSK3β was shown to 
promote KLF5 phosphorylation and KLF5 interaction 
with FBW7. Data from in vitro phosphorylation assays 
indicated that phosphorylation of  wild-type KLF5 by 
GSK3β was much greater than that of  a CPD-deficient 
KLF peptide, indicating that the KLF5 CPDs are phos-
phorylation targets of  GSK3β. Inhibition of  GSK3β by 

LiCl was shown to block FBW7-mediated KLF5 degra-
dation. Conversely, KLF5 degradation was enhanced in 
the presence of  the constitutively active GSK3β-S9A. Dr. 
Chen’s group reported similar results, and together these 
data indicate that GSK3β is required for FBW7-mediated 
degradation of  KLF5.

Protein phosphorylation by GSK3β requires the 
phosphorylation of  the priming phosphate group on 
a Ser/Thr residue that is located at the +4 position of  
a target residue[63]. For example, phosphorylation of  
c-Myc at T58 by GSK3β requires prior mitogen-activated 
protein kinase-dependent phosphorylation at serine 
S62[74-77]. Two of  the KLF5 CPDs, 301-PPSPPSSE and 
322-NLTPPPSY, contain a Ser at the +4 position. The 
protein kinase(s) that is involved in the phosphorylation 
of  priming sites on KLF5 CPDs is still unknown.

REGULATION OF CANCER CELL 
PROLIFERATION BY FBW7-MEDIATED 
KLF5 DEGRADATION
We have previously shown that FBW7 negatively regu-
lates the biological activity of  KLF5[6]. An earlier study 
has also shown that KLF5 promotes the growth and 
proliferation of  colorectal cancer cells[78]. Co-expression 
of  FBW7 with KLF5 significantly inhibited the wild-
type KLF5-mediated cell proliferation but had little effect 
on the proliferation of  cells containing a CPD-mutant 
KLF5[6]. FBW7 can also inhibit the expression of  KLF5 
target genes, such as survivin, which regulates mitosis and 
caspase activity[79]. A high level of  KLF5 has also been 
correlated with low survival in breast cancer patients[28]. 
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Dr. Chen and his colleagues have determined the expres-
sion of  FBW7 and KLF5 in multiple cancer cell lines, 
including HeLa, MCF10A, and 184B5 cells. Interestingly, 
they found that degradation of  KLF5 by FBW7 is de-
pendent on both the cell type and the FBW7 isoform[8]. 
For example, in 184B5 mammary gland cells, knockdown 
of  FBW7α but not of  the FBW7β and FBW7γ isoforms, 
upregulated the expression of  KLF5 and its downstream 
target FGF-BP, which is a known promoter of  breast 
cancer cell proliferation[8,80], suggesting that the different 
isoforms of  FBW7 specifically regulate KLF5 stability 
and activity in breast cells.

REGULATION OF KLF5 BY FBW7 IN 
MOUSE MODELS
Recently, several lines of  evidence from mouse models 
indicate that KLF5 stability can be regulated by FBW7 
in vivo[33,34,81]. As mentioned above, mutations of  FBW7 
occur frequently in multiple cancers, including those of  
the lung, colorectum, stomach, blood, pancreas, and en-
dometrium. FBW7 R482Q is one of  the loss-of-function 
mutants that have been identified in various cancers. A 
mouse model harboring the R482Q mutation was gener-
ated in Dr. Ian Tomlinson’s laboratory. Interestingly, the 
protein levels of  KLF5 and TGIF1 were upregulated 
in the lungs of  the heterozygous mutant mice, but the 
mRNA levels of  these two genes remained the same be-
tween the mutant and the wild type mice[33,34]. Further in-
vestigation revealed that the levels of  KLF5 and TGIF1 
were also upregulated in normal intestine and adenomas 
of  FBW7-deficient or FBW7-mutant mice. These data 
serve as strong in vivo evidences for KLF5 regulation by 
FBW7.

Regulation of  KLF5 target gene expression by FBW7 
has also been demonstrated in a mouse model[81]. Ku-
madaki et al[81] showed that in vivo knockdown of  FBW7 
significantly increased the hepatic expression of  PPARγ2 
as well as its targeted genes. More importantly, the degra-
dation of  KLF5 by FBW7 was associated with the inhi-
bition of  PPARγ2 expression. Thus, these findings sug-
gested that degradation of  KLF5 by FBW7 contributes 
to hepatic lipid metabolism.

CONCLUSION
In summary, FBW7 is an E3 ubiquitin ligase for KLF5. 
KLF5 contains functional CPDs that are phosphorylated 
by GSK3β, thus promoting the interaction between 
KLF5 and the WD40 domain of  FBW7. This interaction 
subsequently leads to KLF5 ubiquitination and degrada-
tion by the ubiquitin-proteasome system. Mutation or 
deletion of  FBW7 in cancer cells results in increased 
level of  the KLF5 protein due to impaired degradation 
of  KLF5, which in turn causes increased expression of  
KLF5 target genes, many of  which can promote cell 
proliferation. Moreover, the KLF5 protein level is tightly 
controlled by FBW7 under normal physiological condi-

tions, thus affecting many developmental and metabolic 
processes. In summary, the FBW7-KLF5 axis is impor-
tant for both normal cellular activities, such as lipid me-
tabolism, and cancer cell proliferation. This pathway may 
therefore serve as a novel target for cancer therapy
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