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Members of the L6 family of membrane proteins, a branch of the tetraspanin superfamily, are overexpressed in tumor
cells from many types of cancers. However, direct evidence of their oncogenic activity has not been previously shown. In
this issue of the JCI, Lee et al. demonstrate that overexpression of the tetraspanin superfamily member TM4SF5 in
human hepatocellular carcinoma cells causes cellular phenotypic changes that resemble classical descriptions of
epithelial-mesenchymal transition (EMT), with some unique aspects (see the related article beginning on page 1354).
They also show that these TM4SF5-mediated effects trigger tumor formation when these cells are injected into mice. The
study implicates TM4SF5, for the first time to our knowledge, in EMT oncogenic pathways of cancer progression.
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ler et al. suggest that it is the secretion 
rather than the synthesis of these proin-
flammatory mediators that may account 
for the differences in the reaction of rats 
versus humans to superagonistic anti-
CD28 antibodies and may account for why 
the cytokine storm observed in humans 
receiving TGN1412 could not have been 
predicted based on preclinical work in 
rodents receiving JJ316.

The first wave of T cell activation dis-
appeared within 48 hours and was fol-
lowed by a second wave of expansion 
of CD4+CD25+FoxP3+ Tregs (5), involv-
ing Treg enlargement, polarization, and 
increased motility. The authors sug-
gest that the cytokine storm observed in 
TGN1412-treated individuals was likely 
a consequence of the first wave of T cell 
activation and that the beneficial effects of 
superagonistic anti-CD28 antibody thera-
py previously observed in rodent models of 
autoimmune disease were likely the result 
of this second wave of activation that selec-
tively affects Tregs. In summary, Müller et 
al. further illuminate our understanding of 
the mechanisms of action of the superago-
nist anti-CD28 antibody, and the data rein-
force that this therapeutic approach will 
require much further investigation before 
it can be applied to humans.

Inspiring trust in drug development
Human volunteers who chose to partici-
pate in clinical trials trust in our ability to 
protect them as much as possible from the 
dangers of investigational agents. Trust is 
not an intangible quality but rather some-
thing real and concrete. Trust is not only 
about integrity but also about competence. 
People expect investigators, sponsors, con-
tract research organizations, and regula-
tory authorities to have the talents, skills, 
knowledge, and capacity to carry out their 
responsibilities. We may lose their trust if 
we fail to meet our commitments to afford 
optimal protection of human subjects in 
trials. Participation in clinical trials will 
always have inherent risks, but hopefully 
lessons will be learned from the TGN1412 
experience that will benefit research sub-
jects in the future.
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Members of the L6 family of membrane proteins, a branch of the tetraspanin 
superfamily, are overexpressed in tumor cells from many types of cancers. 
However, direct evidence of their oncogenic activity has not been previously 
shown. In this issue of the JCI, Lee et al. demonstrate that overexpression 
of the tetraspanin superfamily member TM4SF5 in human hepatocellular 
carcinoma cells causes cellular phenotypic changes that resemble classical 
descriptions of epithelial-mesenchymal transition (EMT), with some unique 
aspects (see the related article beginning on page 1354). They also show that 
these TM4SF5-mediated effects trigger tumor formation when these cells are 
injected into mice. The study implicates TM4SF5, for the first time to our 
knowledge, in EMT oncogenic pathways of cancer progression.

Over many years, cancer researchers have 
attempted to unlock the secrets of cancer 
cells by comparing the gene expression of 
tumor cells to that of their normal cellu-
lar counterparts. The genes so identified 
have in many cases proven to be important 

mediators of the transformed phenotype 
and have led in a few cases to the devel-
opment of clinically useful therapeutics, 
such as antibodies directed against EGFR 
(implicated in many types of epithelial can-
cers) or human EGFR 2 (HER2/neu; often 
overexpressed in breast cancer). In 1997, 
Gress et al. performed a large-scale screen 
for differentially expressed genes in tissue 
from individuals with pancreatic cancer 
compared with tissue from individuals 
with chronic pancreatitis and identified 
transmembrane 4 L6 family member 5 
(TM4SF5) as a gene upregulated in pan-
creatic tumors (1). TM4SF5 was noted to 
be homologous to the integral membrane 
protein L6 that is also overexpressed in a 
variety of malignant tissues (2).

Nonstandard abbreviations used: EMT, epithelial-
mesenchymal transition; TM4SF5, transmembrane 4 
L6 family member 5; ZO-1, zonula occludens–1.
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The tetraspanin superfamily
TM4SF5 and L6 form a four-member 
homology group of membrane proteins 
that are structurally similar to tetraspa-
nins. All members of the L6 family have 
four transmembrane domains. The N and 
C termini are cytoplasmic, as is one of 

the regions between the second and third 
transmembrane domains. This structure 
creates two extracellular loops between the 
transmembrane domains and is superfi-
cially similar to other tetraspanins that also 
have four transmembrane domains. How-
ever, the main extracellular domain of L6 

and the tetraspanins are highly divergent, 
and the L6 family lacks a characteristic pat-
tern of cysteines found in the tetraspanins. 
A DNA sequence–based phylogenetic tree 
places the L6 family on a branch that is 
related to but distinct from that of the tet-
raspanins (3). Hence the four L6 proteins 
are sometimes referred to as members of a 
tetraspanin superfamily.

While there is much biochemical and 
cell biological information about the tet-
raspanins, there is little information avail-
able about the L6 family. We do know that 
both L6 and TM4SF5 have been found to 
be overexpressed in some cancers, includ-
ing gastric, prostate, breast, and pancreatic 
cancer, and that L6 has been associated 
with tumor cell invasion and motility in 
lung cancer (4, 5). Members of the tet-
raspanin family have also been shown to 
be tightly associated with integrins, which 
modulate cell shape, cell migration, and 
signal transduction in many cell types.

The mechanism of epithelial cell 
plasticity
The internal and external surfaces of the 
body, lining of blood vessels, and other 
small cavities are covered with a layer of 
epithelial cells that are held in formation 
via adhesive complexes between adjacent 
cells. These cells use the binding of cell-
surface receptors, known as integrins, to 
extracellular matrix proteins to attach 
to the basement membrane (Figure 1A). 
When epithelial cells undergo transforma-
tion and become cancerous, they use these 
integrins to direct tumor cell invasion and 
cancer spread. Integrin engagement with 
extracellular ligands results in complex 
multiprotein structures that link the ECM 
to stress fibers that form the cytoplasmic 
actin cytoskeleton. The flow of signals 
from the ECM to the actin cytoskeleton is 
under the control of protein tyrosine kinas-
es such as focal adhesion kinase (FAK) and 
members of the Rho family of GTPases and 
impacts the dynamics between cell adhe-
sion and movement.

During normal embryonic development, 
a process known as epithelial-mesenchymal 
transition (EMT) involves the disaggrega-
tion of epithelial cells and the reshaping of 
these cells for movement (6). An analogous 
process is proposed to play an important 
role in the migration and metastasis of 
epithelial cancers (7–10). A better under-
standing of the factors that control epi-
thelial cell organization may lend insight 
into how noninvasive, cancerous epithelial 

Figure 1
Tetraspanin superfamily member TM4SF5 induces EMT and tumorigenesis. (A) A monolayer 
of epithelial cells with polygonal morphology is held in formation by cell-cell contact between 
neighboring cells via molecules such as E-cadherin, as well as by the interaction of cell-surface 
integrins with proteins in the basement membrane. (B) In this issue of the JCI, Lee et al. (15) 
show that overexpression of TM4SF5 in human hepatocarcinoma SNU449 cells results in phe-
notypic changes in these cells that resemble EMT, such as an elongated morphology, loss of 
cell-cell contact, and loss of contact inhibition, resulting in overgrowth. (C) Lee et al. (15) provide 
data indicating that TM4SF5 overexpression enhances the expression and cytosolic stability of 
p27Kip1, likely via kinase interacting with stathmin– (KIS-) and/or Akt-mediated phosphorylation. 
This results in RhoA inhibition and subsequent changes in cell morphology resembling EMT. The 
authors observed decreased expression of ZO-1 and E-cadherin (the latter occurring in a Snail1-
independent manner) and increased a-SMA expression. Loss of cell-cell contact leads to loss of 
contact inhibition between cells and uncontrolled multilayer growth. Importantly, this uncontrolled 
growth could be blocked by suppression of TM4SF5 or p27Kip1, Rho activation, or E-cadherin 
reexpression in these cells. Upon subcutaneous injection of TM4SF5-overexpressing SNU449 
cells into nude mice, Lee et al. observed tumor formation. Figure modified from ref. 15.
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cells can dissociate from neighboring cells, 
invade adjacent tissue, and acquire the 
ability to move throughout the body and 
form metastases.

The interaction of various tetraspan-
ins with integrins can regulate some of 
these processes. For example, tetraspanin 
family member CD151 has been found 
in complexes with b1 integrins (11). This 
association increases the avidity of b1 
integrin binding to its ligand (12) and 
has also been shown to affect melano-
cyte motility in the skin (13). Expression 
of CD151 has also been shown to alter 
tumor metastasis, although the detailed 
mechanisms through which it mediates 
this effect are not yet clear (14). There is 
also evidence that tetraspanins modulate 
intracellular signaling (11).

EMT induced by tetraspanin TM4SF5
In their current study in this issue of the 
JCI, Lee et al. (15) build on their earlier 
study and unravel in part the molecular 
mechanisms by which TM4SF5 contributes 
to cancer progression. In a previous report, 
Lee et al. demonstrated that TM4SF5 is 
associated with the integrin a2 subunit 
and modulates actin organization and FAK 
signaling in Cos7 cells after serum stimula-
tion (16), functions perhaps analogous to 
those of other tetraspanins. The authors 
have now taken their previous work further 
by showing that TM4SF5 overexpression 

in human hepatocarcinoma SNU449 cells 
brings about phenotypic changes in these 
cells that resemble EMT. This has patholog-
ical relevance because they also show that 
TM4SF5 is upregulated in human hepato-
carcinoma tissues. The cells show elongat-
ed morphology, cell-cell contact loss, con-
tinuous growth, aberrant actin bundling, 
and a shift from epithelial cell marker to 
mesenchymal cell marker expression, i.e., 
downregulation of the tumor suppressor 
and epithelial cell adhesion molecule E-cad-
herin (independent of Snail1, a transcrip-
tional repressor of E-cadherin), downregu-
lation of the actin-binding protein zonula 
occludens–1 (ZO-1), and upregulation of 
a-SMA (Figure 1, B and C). They suggest 
that TM4SF5 enhances the expression and 
cytosolic stabilization of the cyclin-depen-
dent kinase inhibitor p27Kip1, which in turn 
mediates RhoA inactivation. Subsequently, 
RhoA inactivation results in actin reorgani-
zation and cell elongation, leading to EMT. 
They propose that EMT may be responsible 
for the loss of cell-cell contact observed 
between TM4SF5-expressing SNU449 cells 
and that the loss of contact inhibition (the 
arrest of cell proliferation due to physical 
contact with other cells) results in uncon-
trolled cell growth and tumorigenesis. The 
authors go on to demonstrate that after 
subcutaneous injection of TM4SF5-express-
ing SNU449 cells into nude mice, these cells 
formed tumors capable of invading muscle 

and blood vessels. Together, the data dem-
onstrate that overexpression of TM4SF5 
induces classical cell transformation phe-
notypes and tumorigenicity (Figure 1).

There are both similarities and differ-
ences between the TM4SF5-induced EMT 
of SNU449 cells reported in this issue by 
Lee et al. (15) and the EMT models of mam-
mary gland or hepatic origin (Table 1). In 
all EMT models, the expression of epithelial 
cell markers is downregulated, while that of 
mesenchymal cell markers is upregulated. 
In all such models, one of the distinct fea-
tures of EMT is the formation of actin stress 
fibers (17–19), which are thought to con-
tribute to increased cell motility. However, 
stress fiber formation was not observed by 
Lee et al. in their SNU449 cells in the current 
study. Also, in other EMT models (19–22),  
E-cadherin downregulation is mediated 
by the transcriptional repressor Snail1, 
but in the current study (15), TM4SF5-
induced EMT of SNU449 cells appeared 
to be independent of Snail1. Moreover, in 
NMuMG cells, RhoA was found to function 
as an upstream effector of Akt activation in 
response to TGF-b, the inducer of EMT in 
this cell system (23), which is in contrast to 
the effect of Akt as the upstream effector to 
inhibit RhoA as reported here (15). The cur-
rent study by Lee et al. therefore highlights 
a previously unidentified mechanism for 
inducing EMT with relevance for hepatocel-
lular carcinoma. Furthermore, it describes 

Table 1
Overview of different EMT modelsA

Epithelial cell type	 EMT inducers	 Signaling pathways	 Epithelial markers	 Mesenchymal 	 Actin  
				    markers	 cytoskeleton
EpH4 (normal mouse 	 Cooperation of 	 Autocrine TFG-b and 	 E-cadherin, ZO-1 	 N-cadherin, 	 Actin stress 
  mammary gland	 Ha-RAS and TGF-b; 	 ERK/MAPK, PI3K; 	 downregulation	 vimentin upregulation	 fibers
  cell line)	 c-Jun; c-Fos	 b-catenin/LEF

NMuMG (normal 	 TGF-b; TbRI/Smads 	 TFG-b; PI3K; 	 E-cadherin, ZO-1, 	 Fibronectin 	 Actin stress 
  murine mammary 		  p38 MAPK; ERK/MAPK	 b-catenin downregulation	 upregulation	 fibers
  gland cell line)

Mouse primary 	 TGF-b	 TGF-b	 E-cadherin downregulation	 Vimentin, collagen 	 Actin stress 
  hepatocytes				    type I upregulation	 fibers

AML12 (normal 	 TGF-b	 TGF-b; PKA; STAT3	 E-cadherin, ZO-1 	 Vimentin, collagen 	 Actin stress 
  mouse hepatocyte 			   downregulation	 type I upregulation	 fibers
  cell line)

MMH-D3 (immortalized 	 Cooperation of 	 Autocrine TFG-b	 E-cadherin, ZO-1, 	 Fibronectin 	 Actin stress
  Met murine 	 Ha-RAS and TGF-b 	 and ERK/MAPK, PI3K	 desmoplakin, b-catenin 	 upregulation 	 fibers
  hepatocytes)	  		  downregulation

SNU449 (human 	 TM4SF5	 TM4SF5, integrins/FAK/	 E-cadherin, ZO-1, 	 a-SMA upregulation	 Aberrant actin 
  primary hepatocellular 		  RhoA (inactive)	 desmoplakin, b-catenin, 		  bundling
  carcinoma cells)			   downregulation/delocalization

AData are from refs. 17–24. FAK, focal adhesion kinase; LEF, lymphoid enhancer binding factor; TbRI, TGF-b receptor I.
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a variant EMT phenotype induced by the 
tumor-specific antigen TM4SF5.
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The transcription factor homeobox B4 (HOXB4) is a promising agent capa-
ble of providing a growth advantage to genetically modified hematopoietic 
stem and progenitor cells (HSPCs). In this issue of the JCI, Zhang and col-
leagues overexpressed HOXB4 in HSPCs from large animals using retrovi-
ral vectors (see the related article beginning on page 1502). Two years after 
transplantation, most animals developed leukemia, a consequence of com-
bined HOXB4 and deregulated protooncogene expression. These results 
highlight the risks of combining integrating vectors and growth-promoting 
genes for clinical applications.
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box B4; HSPC, hematopoietic stem and progenitor cell; 
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Hematopoietic stem cells  
and gene therapy
Hematopoietic stem and progenitor cells 
(HSPCs) are ideal targets for permanent 

genetic correction of defects in any lineage 
of hematopoietic cells. Most clinical applica-
tions have used gene transfer vectors based 
on integrating retroviruses, but the relative 
inefficiency of these vectors has limited the 
considerable potential of gene transfer into 
HSPCs. Genetically modified cells represent 
only a small fraction (1%–10%) of the hema-
topoietic cells after transplantation. Con-
sequently, competition from unmodified 
infused and endogenous HSPCs may dilute 
any therapeutic effect of the transduced 

cells. This implies that this small fraction 
of genetically modified hematopoietic cells 
will correct diseases requiring more than 
1%–10% of corrected cells only if they have a 
marked selective growth advantage in vivo.

Homeobox B4 promotes  
a selective growth advantage  
of transduced HSPCs
In most diseases considered to be suitable 
targets for gene therapy, corrected cells do 
not themselves have an inherent growth 
advantage, providing an impetus to arm 
retroviral vectors with genes capable of 
conferring a selective growth advantage to 
transduced HSPCs and their progeny in 
vivo. Ectopic expression of homeobox B4 
(HOXB4), a transcription factor contain-
ing a highly conserved DNA-binding motif 
known as the homeodomain, has been 
found to enhance HSPC self-renewal in vitro 
and in vivo and has been suggested as an 


