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Abstract: Tetraspanins are exposed at the surface of cellular membranes, which allows for the fixation
of cognate antibodies. Developing specific antibodies in conjunction with genetic data would largely
contribute to deciphering their biological behavior. In this short review, we summarize the main
functions of Tspan8/Co-029 and its role in the biology of tumor cells. Based on data collected from
recently reported studies, the possibilities of using antibodies to target Tspan8 in immunotherapy or
radioimmunotherapy approaches are also discussed.
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1. Introduction
Tspan8 belongs to the tetraspanin molecular family of surface glycoproteins containing
33 members in humans, which are now referred to as Tspan1–33 (Figure 1). Tetraspanins are small
membrane proteins (200–350 amino acids), which interact laterally with multiple partner proteins
and with each other to form the so-called TEMs (tetraspanin-enriched microdomains). To qualify
for membership in the tetraspanin family, a protein must have four transmembrane domains and
several conserved amino acids, including an absolutely conserved CCG motif and two other cysteine
residues that contribute to two crucial disulfide bonds within the second extracellular loop (EC2)
(Figure 2). One or two additional disulfide bonds may also be found in EC2. The biological
importance of tetraspanins is supported by functional consequences of genetic modifications that
occur either spontaneously in humans or experimentally in mice. For instance, gene inactivation
may affect fertility (CD9, CD81), and visual (RDS), kidney (CD151) or immunological functions
(CD81, CD37) [1–4]. Since tetraspanins are not adhesion or signaling molecules, receptors or
enzymes, the properties of these molecules are highly dependent on their ability to form TEMs
with a hierarchical organization. Indeed, each tetraspanin has specific partners, including integrins,
ADAM metalloproteases, growth factor receptors and histocompatibility antigens, that they are directly
associated with through protein–protein interactions and form primary complexes with [5,6]. Coupled
together, the latter can form second-order complexes through tetraspanin–tetraspanin interactions
that may involve cholesterol and palmitoylation. In some cases, the function of these associated
molecules has not yet been elucidated for the CD9P-1 and EWI2 (official protein names of PTGFRN
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and IGSF8) [7,8]. Some molecular experiments showed that tetraspanins may interfere with the
properties (affinity of the integrin α6β1 for laminin-1 is modulated by the tetraspanin CD151) [9],
the trafficking (CD81 controls the expression of CD19 at the B-lymphoid cell surface) [10] or membrane
compartmentalization of associated molecules (such as ADAM10 by TspanC8) [11]. Detailed proteomic
analysis of membrane molecules that are able to associate with CD9 and Tspan8 has been reported
recently in colon carcinoma cell lines. Among other membrane proteins, E-cadherin and EGFR are
associated with TM4 complexes. More specifically, the presence of Tspan8 in the membrane drives
EGFR to tetraspanin complexes, which results in changes in motility behavior (see next paragraph) [12].

Figure 1. Homology tree between human tetraspanins. Protein sequences have been aligned to generate
this distance tree. Bolded names correspond to commonly used ones. The number of cysteines in the
extracellular loop EC2 is given when they are different from six cysteines.

Cancers 2019, 11, 179

3 of 14

Figure 2. Schematic representation of Tspan8 in membrane. The transmembrane (TM) domains inserted
in the phospholipid bilayer are palmitoylated with a cholesterol molecule in between these domains
(by analogy with CD81 structure [13]). Among the two extracellular (EC) regions, the larger region
contains six cysteines involved in disulfide bonds. EC1 and EC2 = extracellular domains 1 and 2;
Ch = cholesterol; and PL = phospholipid.

Some tetraspanins are widely expressed (for example, CD81 and CD151) while others are
more restricted (for example, CD37 and CD53 on lymphoid cells or RDS in retina). Several clinical
observations and experimental data have correlated the expression of some tetraspanins with tumor
metastatic potential. CD82 or CD9 expression is generally associated with favorable prognosis in
different cancers [3]. On the contrary, CD151 and Tspan8 expression in tumor cells has been frequently
associated with increased migration, proliferation and angiogenesis induction (Table 1). Mechanisms
that could potentially explain the role of tetraspanins in tumors have been investigated experimentally
using cellular models of overexpression in addition to knockdown or knockout animal models
(reviewed in references [3,4,14–16]). The modulation of cellular properties, such as proliferation,
cell migration and apoptosis, has been previously reported. Among other mechanisms, the knockout
of CD37 leads to the occurrence of lymphomas that appear to be linked to the constitutive activation of
the IL6 signaling pathway [17]. At a tissue level, an effect of Tspan8 on angiogenesis could be partially
mediated by exosomes. More generally, the role of tetraspanins in tumor cell communication with
their microenvironment through an effect on exosomal biogenesis is considered to be an important
function of these molecules [18]. The changes in cell properties induced by the (over)expression
of Tspan8 have been investigated in preclinical models. For example, the Isreco1 cell line derived
from primary colorectal cancer (CRC) that does not express Tspan8 was compared with Is1-Co029,
which was obtained by transduction to express Tspan8 at the same level as the two cell lines derived
from metastases of the same patient. There was no difference in the motility of single cells plated on
collagen, but RNAi targeting various surface molecules, such as E-cadherin, p120-catenin or EGFR,
increased the motility of Is1-Co029, whereas no effect was observed on Isreco1 [12,19]. A possible
link between Tspan8, E-cadherin and motility could be the signaling molecule p120-catenin, which is
retained at the cell membrane through its affinity for E-cadherin. Furthermore, it has been reported to
regulate Rho and Rac functions in cell adhesion and motility (reviewed in reference [19]). However,
models using long-term established tumor cell lines in 2D settings could be misleading and it would
be important to conduct experiments on cells derived from fresh tumors and cultured in 3D conditions
as organoids that would better reflect the in-vivo conditions.
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Table 1. Summary of studies dealing with biological consequences of Tspan8 targeting using specific antibodies.
Effect of Tspan8 Expression and Modulation by Antibody or Tspan8-LEL Targeting on
Migration/Invasion/Metastasis, Proliferation/Tumor Growth, Angiogenesis

Preclinical and clinical models

References

Rat pancreatic adenocarcinoma cells (AS-Tspan8 vs. AS)

In vitro: similar proliferation of two AS cell lines
Inhibition by anti-rat Tspan8 mAb D6.1 of AS-Tspan8
In vivo: increased metastasis formation of AS-Tspan8 (i.v., s.c. or i.f.p. injection)

[20]

Rat pancreatic adenocarcinoma cells (AS-Tspan8 vs. AS)

In vitro: increased endothelial cell branching blocked by mAb D6.1
In vivo: peritoneal carcinosis—increased vessel density (intravital microscopy) abolished by mAb D6

[21]

Highly metastatic rat pancreatic adenocarcinoma
BSp73ASML (+/−Tspan8 knockdown)

In vitro: transwell migration and wound healing: reduced in BSp73ASML-Tspan8kd and by mAb D6.1
in BSp73AMSL
No effect of D6.1 on BSp73ASML single-cell motility
In vivo: delayed metastasis and prolonged survival in BSp73ASML-Tspan8kd

[22]

Human colorectal cancer
cell lines: Isreco1 and Is-Co029(Tspan8)
HT-29, SW480 and SW480-Tspan8

Patients: IHC: Tspan8 high expression correlated with worse prognosis
In vitro: single cell-motility on collagen I increased by Ecad, p120ctn and EGFR RNAi when Tspan8 is
expressed. This effect is reversed by anti-mouse Tspan8 mAb Ts29.1. No effect of mAb Ts29.1 or Ts29.2
on proliferation
In vivo (nude mice): tumor growth reduced by i.p. injection of mAb Ts29.2
No effect on angiogenesis (IHC–CD34 labeling)
Tumor growth inhibition by i.v. injection of [177 Lu]DOTA-Ts29.2

[12,19,23,24]

Human ovarian cell line—effect of Tspan8 RNAi,
Tspan8-LEL-Fc, Tspan8-LEL IgG (human Ab selected
by phage display)

In vitro: invasion in Matrigel-coated Transwell is inhibited by the 3 reagents
In vivo: partial metastasis inhibition (SK-OV3-Luc) by i.v. injection of Tspan8-LEL IgG

i.v.: intravenous, i.p.: intraperitoneal, i.f.p: intrafootpad and s.c.: subcutaneous.

[25]
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Experimental results and clinical trials using monoclonal antibodies (mAbs) suggest that some
tetraspanins may be targeted in hematological malignancies and carcinomas [26]. In a similar
way, Tspan8 appears to be an interesting candidate for the development of therapeutic antibodies,
and different methods are discussed in the last part of this review.
2. Mechanisms and Requirements for the Use of Therapeutic Anti-Tetraspanin Antibodies
2.1. Molecular Mechanisms
Since antibodies are large proteins, their ability to reach their target may be limited by
their diffusion inside different tissues and their components due to certain barriers, such as the
hemato-encephalic barrier. However, since the permeability of tumor vessels is usually abnormal,
diffusion appears to be increased in such tumor tissues [27,28]. Once located close to their biological
target, the antibodies can enact different mechanisms of action.
2.1.1. Blocking Antibodies
According to current knowledge, the action of tetraspanins relies on their ability to regulate the
function of their partner molecules. Even if the detailed molecular basis remains mostly unknown,
the binding of mAbs on Tspan8 may result in the inhibition of cell migration, invasion, proliferation
and angiogenesis in organized tissues (Table 1).
2.1.2. Cytotoxic Antibodies
Unconjugated antibodies mediate ADCC (antibody-dependent cell cytotoxicity) via the activation
of accessory cytotoxic cells for killing target cells. Upon fixation on the cell surface, they recruit
macrophages or NK cells through their Fc fragment, which can further destroy the target cell.
The subclass and glycosylation of the Fc region are important parameters that determine the efficacy
of ADCC. Furthermore, the ability of antibodies to mediate ADCC may be optimized through genetic
modification of their Fc region.
On the contrary, radionuclide- or drug-conjugated antibodies have directly toxic effects in vivo.
Depending on the radionuclide used (nature of emissions, energy and so on),
radionuclide-conjugated antibodies can efficiently treat the target cells and the neighboring
cells, which can be of high value in the case of heterogeneous cell expression of the target molecule.
In addition, radionuclide-conjugated antibodies can also allow for a combination of imaging and
radiotoxicity. This will be detailed in the radionuclide-conjugated Tspan8 antibodies section.
When antibodies are conjugated with cytotoxic drugs, an internalization of the antigen/antibody
complex is often necessary to allow drug delivery [29]. However, if the targeted protein is widely
distributed, the use of these two main categories of antibody–drug conjugates may have deleterious
effects on normal tissues. As a consequence, the careful evaluation of the pattern of expression of the
target is a critical prerequisite for the development of a therapeutic antibody. However, recent progress
in antibody-conjugated drugs has allowed one to target more specific released molecules in tumors.
For instance, cleavage in acidic zones that occur in the highly proliferative zone or proteolytic cleavage
by tumor enzymes, such as MMPs, increase specificity. Another stage was added with a pro-body
approach, which consists of modifying the antibody with a small peptide that needs to be cleaved by a
specific protease for antigen recognition [30].
2.2. Pattern of Expression
An ideal antigenic target should be expressed at a high intensity on the surface of tumor cells,
especially tumor stem cells and not on normal cells. None of the molecules that are currently targeted
by mAbs are able to fulfil these criteria and not surprisingly, tetraspanins do not escape this rule.
As mentioned above, the tissue distribution of tetraspanins is highly variable. A very restricted
distribution of some tetraspanins has already been observed for peripherin/RDS found in the
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photoreceptors, UPk1a found on the urinary bladder epithelium or CD37 expressed mainly on B
lymphoid cells. In contrast, other tetraspanins, such as CD9, CD63, CD81 or CD151, have a very
large distribution and may be difficult to target in vivo. Tspan8 is expressed in a limited number of
tissues and is mainly found on epithelial cells of the digestive tract. However, it is also located on
the epithelial cells of the kidney, prostate and trachea [23]. The second aspect relates to the intensity
ratio of Tspan8 in tumor compared to normal tissues, which is another crucial issue that needs to be
addressed in order to avoid side effects. Increased Tspan8 expression in tumor tissues (colorectal and
ovarian cancer, melanoma, hepatocellular and pancreatic carcinoma) is generally related to worse
prognosis [19,25,31–33]. Therefore, Tspan8 appears to be an interesting target candidate for cancer
treatment with mAbs.
2.3. Dodging Immune Neutralization
This important point has been widely studied and previously reviewed. Thus, this will not be
detailed in this article. This is mainly realized through the humanization of the molecule but other
methods have been previously reported [34].
3. Therapeutic Antibodies Directed toward the Tetraspanins CD9, CD151 and CD37 in Cancer
There are a few proofs of principle that have shown that targeting tetraspanins with antibodies
might inhibit tumor growth or even induce partial or complete remission [35].
The effects of the anti-CD9 mAb ALB6 (IgG1) injected intravenously were investigated in a model
of human gastric cancer (MKN-28) implanted subcutaneously in nude mice. A reduction of 60–70%
in the size of the tumor in the treated group was observed compared to the control IgG-treated mice.
At the same time, a significant reduction in cell proliferation and angiogenesis and an increase in
apoptotic signals were observed [36]. Since this mAb is directed towards human CD9, damages
to normal tissues were not evaluated. As CD9 is strongly expressed on many cellular types and
particularly on platelets in humans, the use of this anti-CD9 antibody could lead to a loss of treatment
efficiency and may trigger platelet activation or lysis depending on the nature of the Fc fragment [37].
However, Fc-mediated side effects could be avoided by genetic modifications of the antibody.
There have only been a few studies targeting tetraspanins in humans for therapeutic purposes.
A cocktail of antibodies Ba1/2/3 directed respectively toward CD9, CD24 and CD10 to deplete the bone
marrow of acute lymphoblastic leukemia patients for autologous bone marrow transplantation was
investigated. Even if the specific role of each individual antibody was difficult to evaluate, an absence
of toxicity against hematological stem cells was observed in these antibodies [38].
Due to its restricted specificity for differentiated cells of the B-cell lineage, CD37 was considered to
be a potential target for the treatment for B-cell lymphoma using an anti-CD37 antibody radiolabeled
with iodine-131 (β− ; T1/2 = 8.02 d; 606 keV). Very encouraging results were obtained in comparison
with an anti-CD20 antibody labelled with the same radionuclide [39]. However, since the use of
unconjugated humanized anti-CD20 mAbs for B-cell lymphoma has been a very straightforward
method for the improvement of treatment protocols, the use of anti-CD37 mAbs for the treatment of
lymphoma and chronic lymphocytic leukemia was abandoned and only recently reintroduced. Several
forms of therapeutic anti-CD37 antibodies, whether they are human or humanized, used in combination
or alone (unconjugated antibodies (Bi 836826 and otlertuzumab) and drug conjugates (monomethyl
auristatin E: AGS67E, maytansine: IMGN529)), or radiolabeled antibodies (177 Lu: belatutin) [40],
have been developed and are currently undergoing clinical tests. Promising results have been obtained
in the resistant forms of NHL (Non-Hodgkin Lymphomas) and CLL (Chronic Lymphocytic Leukemias).
Anti-CD151 antibodies inhibited metastasis spread and primary tumor growth in human tumor
mouse models [41,42]. Despite their variable ability to disrupt the complex between CD151 and α3β1
integrin, different anti-CD151 antibodies were reported to prevent metastasis formation in clinical
models [35].
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4. Treatment with Unconjugated Anti-Tspan8 Antibodies
Unconjugated mAbs may act through two different mechanisms, which are namely the mediation
of ADCC or interference with molecular functions that are required for malignant cells to express
their tumorigenicity. The functional activity of the anti-Tspan8 mAbs can be assessed to some extent
in vitro but the link between tumor growth inhibition and either ADCC or functional inhibition could
be difficult to determine in vivo.
Several studies were performed by Zöller’s group with the rat pancreatic adenocarcinoma cells
(AS-Tspan8 compared to AS). The anti-rat Tspan8 mAb D6.1 was found to inhibit cell proliferation
in vitro [20]. Furthermore, in rat mesentery fragments cultured with tumor cells or their exosomes,
increased endothelial cell branching linked to Tspan8 expression was blocked by mAb D6.1 [21].
These studies suggest that Tspan8 overexpression in rats promotes angiogenic activity and supports
tumor growth while anti-rat Tspan8 mAbs can efficiently inhibit this process. In addition, increased
vessel density observed by intravital microscopy was abolished after treatment with D6.1 in an in-vivo
model of peritoneal carcinosis [21].
Anti-human Tspan8 mAbs (Ts29.1: IgG1 and Ts29.2: IgG2b) were produced by Boucheix’s team.
These antibodies had no effect on cell proliferation, migration or apoptosis for colorectal cancer
(CRC) cell lines Isreco-1/Is1-Co029, SW480 (presenting spontaneously weak Tspan8 expression) and
SW480-Co029 (overexpressing Tspan8 after gene transduction) in vitro. However, the 2D motility of
Is1-Co029 was increased by RNAi targeting E-cadherin and p120-catenin while it only decreased after
specific co-treatment with anti-Tspan8 mAbs [12,19]. EGFR blocking (mAb cetuximab or AG1478,
a chemical EGFR inhibitor) in Is1-Co029 cells also induced an increase in cell motility, which was further
blocked by treatment with anti-Tspan8 mAbs [12]. The observations in relation to EGFR inhibition
were unexpected since Isreco-1 cell lines have a KRAS mutation, which should be associated with an
inhibition of the EGFR function. Thus, this suggested that EGFR signaling may still be influenced
when Tspan8 is expressed.
In a mouse model of CRC (SW480 vs. SW480-Co029), the growth of SW480-Co029 tumors was
inhibited by up to 70% when treated in the early stages with the IgG2b anti-human Tspan8 mAbTs29.2
in vivo (initially 2 mg intraperitoneally, followed by 1 mg twice a week for 4 weeks). The same
results were also observed in another CRC mouse model, which expressed spontaneously high levels
of Tspan8 (HT29). The inhibition of the cell proliferation in vivo was demonstrated by a reduction
of the mitotic index in HT29 tumor cells in Ts29.2-treated mice. These in-vivo data underlined the
crucial role of Tspan8 in tumor growth and the therapeutic potential of anti-Tspan8 mAbs as a CRC
treatment. The discrepancy between the in-vitro and in-vivo data on cell proliferation suggested that
the binding of Ts29.2 to tumor cells may modify their response to signaling from the microenvironment.
No significant differences between the treated and control mice were found when assessing the
inflammatory infiltrate, angiogenesis (CD34) and apoptotic signal (Casp3). These findings did not
support the hypothesis of ADCC.
In another approach targeting Tspan8, Park et al. [25] used phage display technology to produce
a fully human mAb directed against Tspan8 LEL (large extra loop = EC2). For an in-vivo experiment,
the mice that were intraperitoneally injected with SK-OV3-luc human ovarian cell line intravenously
received either IgG or Tspan8–LEL IgG (10 mg/kg) twice a week until day 42 post inoculation. In the
control IgG-treated group, a detectable luminescence signal in removed organs (ovary, pancreas, colon,
heart, liver, spleen and kidney) was observed in 24 of 31 control mice whereas the incidence fell to
50% (15 of 30 mice) in the Tspan8–LEL IgG-treated group. This reduction of 35% was considered to be
significant and the mice did not show any signs of severe toxicity.
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5. Treatment with Radionuclide-Conjugated Anti-Tspan8 Antibodies
5.1. Radiolabeling of Antibodies
For radiotherapeutic purposes, antibodies are usually modified with grafted chelating moieties
to allow radiolabeling with β− -emitter radionuclides like yttrium-90 (β− ; T1/2 = 2.67 d; 2280 keV)
or lutetium-177 (β− ; T1/2 = 6.65 d; 498 keV) [43]. Advantageously, lutetium-177 can be used for both
imaging and therapeutic purposes as β− and γ radiations are generated during its decay. To date,
the only radiolabeled mAb authorized for human treatment is the anti-CD20 [90 Y]ibritumomab tiuxetan
(Zevalin® ), which is administered as a second-line treatment to patients with non-Hodgkin lymphomas
(NHLs) that are resistant to chemotherapy [44]. Although they were created several decades ago,
radioimmunotherapy (RIT)sing β− -emitter—conjugated mAbs remains underused due to inherent
issues concerning hematotoxicity, which is induced by the long biological half-life of mAbs in blood,
and the low penetration of antibodies in solid tumors [43,45]. Thus, different strategies have been
proposed to enhance RIT efficiency, including the use of α-particle emitters, pretargeting protocols and
reduction/modification of the antibody size (nanobodies, affibodies and so on).
The use of α-particle emitters is of great interest for delivering high linear energy transfer
(LET) in very small volumes (cell diameters of 50–100 µm) without affecting neighboring tissues.
Among the increasing number of clinical studies using mAbs/peptides/ligands/radionuclides
delivering α-particles [46], two mAbs radiolabeled with bismuth-213 (α; T1/2 = 45.6 min; 5869 keV)
(213 Bi-cDTPA-9.2.27 targeting MSCP in melanoma and 213 Bi-Hum195 mAb targeting CD33 in acute
myeloid leukemia) have had positive results in terms of prognosis [47,48]. Moreover, challenging
approaches using DOTA-mAbs radiolabeled with actinium-225 (α; T1/2 = 10.0 d; 5580–5830 keV)
are currently under investigation as this radionuclide decay generates francium-221 (α; T1/2 = 4.79 min,
6300 keV), which has an interesting secondary radiotoxic effect [49]. This strategy should be applied
for internalizing antibodies to concentrate α-particles in tumor cells.
To decrease hematotoxicity, different pretargeting strategies were developed to dissociate the mAb
antibody and radionuclide injections [50]. One of the most interesting approaches involves the use of
bio-orthogonal chemistry. In such strategies, the mAb and the delayed injected radioactive molecule
are grafted with chemical entities that are highly reactive to each other but inert to chemical functions
usually found on in-vivo molecules, such as proteins. This fast and specific reaction can advantageously
take place in aqueous media, which is compatible with in-vivo applications. Another way of reducing
side effects of RIT is to inject the radioactive molecule in a specific organ to avoid systemic irradiation.
For example, this might involve intrahepatic metastases using arterial infusions [51].
Finally, different small protein forms (affibodies, nanobodies and so on) ranging from a few to
30 kDa with a shorter biological half-life in the blood circulation have been tested in preclinical RIT
protocols [52] but mostly in nonradioactive applications. In clinical trials, one affibody is currently being
investigated in Her2 breast cancer imaging [53].
5.2. Targeting Tspan8 with Radiolabeled Antibodies
Our team investigated the biodistribution of two monoclonal antibodies targeting human Tspan8,
which were namely Ts29.1 and Ts29.2. These were grafted with DOTA and radiolabeled with indium-111
(γ; T1/2 = 2.80 d; 171 keV; 245 keV). The measurement of the immunoreactive fraction revealed that
the addition of DOTA-chelating moieties and radiolabeling did not modify the affinity of Ts29.2 for its
target. The uptake of [111 In]DOTA-Ts29.2 in HT29 tumors was higher than that of [111 In]DOTA-Ts29.1
(Figure 3A,B). After this, further experiments were conducted on different models of xenografts [23].
Biodistribution studies on mice with both SW480-Co29/SW480 tumors demonstrated high specificity
of [111 In]DOTA-Ts29.2 for Tspan8-expressing tumors. The same results were obtained using the Isreco-1
and Is1-Co029 models (Figure 4A,B). Further RIT experiments using this antibody were supported by the
promising biodistribution and dosimetry results collected. During therapeutic studies, we observed that
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[177 Lu]DOTA-Ts29.2 induced a significant reduction in HT29 xenograft growth, with molecular events
sustaining the effects of the radiation in this model.

Figure 3. In-vivo selection of [111 In]DOTA-Ts29 antibodies for imaging and therapy in mice with HT29
colon carcinoma xenografts. Nude NMRI mice with HT-29 tumors were injected (i.v.) with 3.7 MBq of
[111 In]DOTA-Ts29.1 (upper images) or [111 In]DOTA-Ts29.2 (lower images), which were imaged with a
planar γ-camera at 4 h, 24 h, 72 h, 120 h and 168 h post injection (A). Biodistribution was performed
after euthanasia and expressed as the percentage of activity injected per gram of tissue (%AI/g)
of [111 In]DOTA-Ts29.1 (orange) or [111 In]DOTA-Ts29.2 (purple) (B). Radioactivity was measured using
a γ-counter. Results are presented as the average percentage of injected dose/gram of tissue of three
animals for each time point. The error bars represent the standard deviation. Biodistribution difference
between the two mAbs: * p < 0.05 Fisher test.

Figure 4. In-vivo specificity of [111 In]DOTA-Ts29.2 for Tspan8-expressing tumors. Nude NMRI
mice with Isreco-1 (left shoulder) and Is1-Co29 (right shoulder) were injected (i.v.) with 3.7 MBq of
[111 In]DOTA-Ts29.2 and imaged with a planar γ-camera at 4 h, 24 h, 72 h and 120 h post injection (A).
Ex-vivo biodistribution study (%AI/g) of [111 In]DOTA-Ts29.2 (B) was determined on the same mice with
the same protocol as Figure 3B. Biodistribution difference between the two tumors: * p < 0.05. Fisher test.
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To initiate the pretargeting strategies, Ts29.2 was also modified by the addition of a
transcyclooctene (TCO) to the lysine residues, which was evaluated in studies conducted in vitro
and in vivo using a fluorescent tetrazine. We evaluated the best link size between TCO and TS29.2 and
observed a higher fluorescent signal with Ts29.2-TCO without a PEG spacer, which can be explained
by a higher isomerization rate of TCO to the inactive CCO form [54]. As tetrazin can be conjugated
to a DOTA group, RIT with β− -emitters or α-particles will be considered. A recent preclinical study
using such an approach had significant effects on mice xenografted with ovarian tumors and treated
with an anti-CEA-TCO for 72 h before radionuclide injection [55].
5.3. Pros and Cons of RIT for Human Cancers: Focus on Targeting Tspan8
Stoichiometrically compared to its corresponding nonradiolabeled antibodies,
induced a greater slowing down of tumor growth. The main features in
pretargeted radioimmunotherapy PRIT experiments were the reduction of proliferation and
increase in apoptosis. As mentioned above, the treatment with nonradioactive antibodies (using
100-times more antibodies than in the [177 Lu]DOTA Ts29.2 experiments) also resulted in a slowing
down of tumor growth with neither induction of apoptosis nor decrease in angiogenesis. In fact,
the nonradioactive antibody should alter the interactions between tumor cells harboring Tspan8
and the microenvironment while its radiolabeled counterpart irradiates all surrounding cells after
it attaches to its target antigen. This property should be interesting as it will decrease the number
of so-called cancerous stem cells (CSCs) because Tspan8 has been identified on the surface of CSCs
in pancreatic tumors [56]. RIT has been proven to be effective in stopping CSCs in melanomas
using preclinical models, which utilized an IgM directed toward melanin and radiolabeled with
rhenium-188 [57]. Conversely, Tspan8 is exposed on the surface of circulating exosomes [22], leading
to potential blood radiotoxicity in RIT experiments. Apart from this potential disadvantage, one can
imagine that targeting circulating exosomes will be of interest as these vesicles are implicated in
metastatic spread [58]. As mentioned above, the hematotoxicity might be prevented by pretargeting
strategies, which will be further reinforced by the use of blood clearing agents such as nonradiolabeled
ligands conjugated to albumin [59]. As an example, this might allow their metabolism in the liver.
Tspan8 expression is restricted and this protein has been described as a significant contributor
and potential therapeutic target in several cancer types. Even if secondary effects and immune system
involvement cannot be evaluated on tumor-grafted mouse models used for these studies, targeting
Tspan8 with radiolabeled antibodies seems to be an effective antitumoral therapy.
[177 Lu]DOTA-Ts29.2

6. Conclusions
Tetraspanins may have a broad range of actions in cancers due to their intrinsic membrane
localization (cell membrane or exosomes) and high numbers of their interacting molecules [3,26].
The aim of this article was to review recent preclinical attempts at targeting tetraspanins in cancer with
a focus on Tspan8. Unconjugated antibodies and radionuclide-conjugated antibodies conceptually
represent two different approaches for killing cancer cells through the expression of a surface molecule.
Antibodies may have complex effects as they combine cell-mediated cytotoxicity and functional
deleterious effects, such as apoptosis induction, or invasive growth and angiogenesis inhibition.
This can occur directly or through microenvironment factors. For tetraspanins, it is still unknown how
the targeting can alter the function of tumor cells in vivo, but their association with adhesion molecules,
growth factor receptors or enzymes inside membrane molecular complexes leads to disturbance of the
structure/composition of these complexes, which may result in modulation of migration and abnormal
signaling into the cell and finally, inhibition of invasion/metastasis or even apoptosis. A better view
and understanding of the behavior of tumor cells in real life would require improved models (such as
3D in-vitro setups with microenvironment reconstitution or syngeneic models in vivo). Although the
mechanism of action of radionuclide antibodies is simple and straightforward, their manufacturing
requires careful technical management and radioprotection protocols at all stages of their manipulation.
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However, these offer interesting potential and should be pursued in the future. Innovative techniques
have also been developed to reduce harmful effects that are linked to the antibodies binding to normal
healthy tissue.
Funding: This research has been supported by INSERM-Transfert CoPOC program (MelCoMAb 2013–2016) and
is now granted by the Ligue régionale contre le cancer du Puy de Dome (2019–2020).
Conflicts of Interest: The authors declare no conflict of interest.

References
1.
2.
3.
4.
5.
6.
7.

8.
9.
10.

11.

12.

13.

14.
15.
16.
17.

18.

Boucheix, C.; Rubinstein, E. Tetraspanins. Cell. Mol. Life Sci. 2001, 58, 1189–1205. [CrossRef] [PubMed]
Levy, S.; Shoham, T. The tetraspanin web modulates immune-signalling complexes. Nat. Rev. Immunol. 2005,
5, 136–148. [CrossRef] [PubMed]
Hemler, M.E. Tetraspanin proteins promote multiple cancer stages. Nat. Rev. Cancer 2014, 14, 49–60.
[CrossRef] [PubMed]
Charrin, S.; Jouannet, S.; Boucheix, C.; Rubinstein, E. Tetraspanins at a glance. J. Cell Sci. 2014, 127, 3641–3648.
[CrossRef]
Masse, I.; Agaësse, G.; Berthier-Vergnes, O. Tetraspanins in cutaneous physiopathology. Med. Sci. (Paris)
2016, 32, 267–273. (In French) [CrossRef] [PubMed]
Van Deventer, S.J.; Dunlock, V.-M.E.; van Spriel, A.B. Molecular interactions shaping the tetraspanin web.
Biochem. Soc. Trans. 2017, 45, 741–750. [CrossRef] [PubMed]
Abache, T.; Le Naour, F.; Planchon, S.; Harper, F.; Boucheix, C.; Rubinstein, E. The transferrin receptor and
the tetraspanin web molecules CD9, CD81 and CD9P-1 are differentially sorted into exosomes after TPA
treatment of K562 cells. J. Cell. Biochem. 2007, 102, 650–664. [CrossRef]
Wang, H.-X.; Sharma, C.; Knoblich, K.; Granter, S.R.; Hemler, M.E. EWI-2 negatively regulates TGF-β
signaling leading to altered melanoma growth and metastasis. Cell Res. 2015, 25, 370–385. [CrossRef]
Lammerding, J.; Kazarov, A.R.; Huang, H.; Lee, R.T.; Hemler, M.E. Tetraspanin CD151 regulates alpha6beta1
integrin adhesion strengthening. Proc. Natl. Acad. Sci. USA 2003, 100, 7616–7621. [CrossRef]
Shoham, T.; Rajapaksa, R.; Boucheix, C.; Rubinstein, E.; Poe, J.C.; Tedder, T.F.; Levy, S. The tetraspanin CD81
regulates the expression of CD19 during B cell development in a postendoplasmic reticulum compartment.
J. Immunol. 2003, 171, 4062–4072. [CrossRef]
Saint-Pol, J.; Eschenbrenner, E.; Dornier, E.; Boucheix, C.; Charrin, S.; Rubinstein, E. Regulation of the
trafficking and the function of the metalloprotease ADAM10 by tetraspanins. Biochem. Soc. Trans. 2017, 45,
937–944. [CrossRef] [PubMed]
Zhu, Y.; Ailane, N.; Sala-Valdés, M.; Haghighi-Rad, F.; Billard, M.; Nguyen, V.; Saffroy, R.; Lemoine, A.;
Rubinstein, E.; Boucheix, C.; et al. Multi-factorial modulation of colorectal carcinoma cells motility—Partial
coordination by the tetraspanin Co-029/Tspan8. Oncotarget 2017, 8, 27454–27470. [CrossRef] [PubMed]
Zimmerman, B.; Kelly, B.; McMillan, B.J.; Seegar, T.C.M.; Dror, R.O.; Kruse, A.C.; Blacklow, S.C. Crystal
structure of a full-length human Tetraspanin reveals a cholesterol-binding pocket. Cell 2016, 167, 1041–1051.
[CrossRef] [PubMed]
Zöller, M. Tetraspanins: Push and pull in suppressing and promoting metastasis. Nat. Rev. Cancer 2009, 9,
40–55. [CrossRef] [PubMed]
Charrin, S.; le Naour, F.; Silvie, O.; Milhiet, P.-E.; Boucheix, C.; Rubinstein, E. Lateral organization of
membrane proteins: Tetraspanins spin their web. Biochem. J. 2009, 420, 133–154. [CrossRef] [PubMed]
Ashman, L.K.; Zoller, M. Tetraspanins in Cancer. In Tetraspanins; Berditchevski, F., Rubinstein, E., Eds.;
Springer: Heidelberg, Germany, 2013; pp. 257–298.
De Winde, C.M.; Veenbergen, S.; Young, K.H.; Xu-Monette, Z.Y.; Wang, X.-X.; Xia, Y.; Jabbar, K.J.; van den
Brand, M.; van der Schaaf, A.; Elfrink, S.; et al. Tetraspanin CD37 protects against the development of B cell
lymphoma. J. Clin. Investig. 2016, 126, 653–666. [CrossRef] [PubMed]
Andreu, Z.; Yáñez-Mó, M. Tetraspanins in extracellular vesicle formation and function. Front. Immunol. 2014,
5, 442. [CrossRef] [PubMed]

Cancers 2019, 11, 179

19.

20.

21.
22.

23.

24.

25.

26.
27.

28.

29.

30.
31.

32.
33.

34.
35.
36.

37.

12 of 14

Greco, C.; Bralet, M.-P.; Ailane, N.; Dubart-Kupperschmitt, A.; Rubinstein, E.; Le Naour, F.; Boucheix, C.
E-cadherin/p120-catenin and tetraspanin Co-029 cooperate for cell motility control in human colon
carcinoma. Cancer Res. 2010, 70, 7674–7683. [CrossRef]
Claas, C.; Seiter, S.; Claas, A.; Savelyeva, L.; Schwab, M.; Zöller, M. Association between the rat homologue
of CO-029, a metastasis-associated tetraspanin molecule and consumption coagulopathy. J. Cell Biol. 1998,
141, 267–280. [CrossRef]
Gesierich, S.; Berezovskiy, I.; Ryschich, E.; Zöller, M. Systemic induction of the angiogenesis switch by the
tetraspanin D6.1A/CO-029. Cancer Res. 2006, 66, 7083–7094. [CrossRef]
Yue, S.; Mu, W.; Erb, U.; Zöller, M. The tetraspanins CD151 and Tspan8 are essential exosome components for
the crosstalk between cancer initiating cells and their surrounding. Oncotarget 2015, 6, 2366–2384. [CrossRef]
[PubMed]
Maisonial-Besset, A.; Witkowski, T.; Navarro-Teulon, I.; Berthier-Vergnes, O.; Fois, G.; Zhu, Y.;
Besse, S.; Bawa, O.; Briat, A.; Quintana, M.; et al. Tetraspanin 8 (TSPAN 8) as a potential target for
radio-immunotherapy of colorectal cancer. Oncotarget 2017, 8, 22034–22047. [CrossRef] [PubMed]
Ailane, N.; Greco, C.; Zhu, Y.; Sala-Valdés, M.; Billard, M.; Casal, I.; Bawa, O.; Opolon, P.; Rubinstein, E.;
Boucheix, C. Effect of an anti-human Co-029/Tspan8 mouse monoclonal antibody on tumor growth in a
nude mouse model. Front. Physiol. 2014, 5. [CrossRef] [PubMed]
Park, C.S.; Kim, T.-K.; Kim, H.G.; Kim, Y.-J.; Jeoung, M.H.; Lee, W.R.; Go, N.K.; Heo, K.; Lee, S. Therapeutic
targeting of tetraspanin8 in epithelial ovarian cancer invasion and metastasis. Oncogene 2016, 35, 4540–4548.
[CrossRef] [PubMed]
Hemler, M.E. Targeting of tetraspanin proteins—Potential benefits and strategies. Nat. Rev. Drug Discov.
2008, 7, 747–758. [CrossRef] [PubMed]
Maeda, H.; Nakamura, H.; Fang, J. The EPR effect for macromolecular drug delivery to solid tumors:
Improvement of tumor uptake, lowering of systemic toxicity and distinct tumor imaging in vivo. Adv. Drug
Deliv. Rev. 2013, 65, 71–79. [CrossRef] [PubMed]
Matsumura, Y.; Maeda, H. A new concept for macromolecular therapeutics in cancer chemotherapy:
Mechanism of tumoritropic accumulation of proteins and the antitumor agent smancs. Cancer Res. 1986, 46,
6387–6392.
Martin, C.; Kizlik-Masson, C.; Pèlegrin, A.; Watier, H.; Viaud-Massuard, M.-C.; Joubert, N. Antibody-drug
conjugates: Design and development for therapy and imaging in and beyond cancer, LabEx MAbImprove
industrial workshop, July 27–28, 2017, Tours, France. MAbs 2018, 10, 210–221. [CrossRef]
Lin, J.; Sagert, J. Targeting Drug Conjugates. In Innovations for Next-Generation Antibody-Drug Conjugates;
Cancer Drug Discovery and Development; Humana Press: New York, NY, USA, 2018; pp. 281–298.
Berthier-Vergnes, O.; Kharbili, M.E.; de la Fouchardière, A.; Pointecouteau, T.; Verrando, P.; Wierinckx, A.;
Lachuer, J.; Le Naour, F.; Lamartine, J. Gene expression profiles of human melanoma cells with different
invasive potential reveal TSPAN8 as a novel mediator of invasion. Br. J. Cancer 2011, 104, 155–165. [CrossRef]
Kanetaka, K.; Sakamoto, M.; Yamamoto, Y.; Yamasaki, S.; Lanza, F.; Kanematsu, T.; Hirohashi, S.
Overexpression of tetraspanin CO-029 in hepatocellular carcinoma. J. Hepatol. 2001, 35, 637–642. [CrossRef]
Gesierich, S.; Paret, C.; Hildebrand, D.; Weitz, J.; Zgraggen, K.; Schmitz-Winnenthal, F.H.; Horejsi, V.;
Yoshie, O.; Herlyn, D.; Ashman, L.K.; et al. Colocalization of the tetraspanins, CO-029 and CD151, with
integrins in human pancreatic adenocarcinoma: Impact on cell motility. Clin. Cancer Res. 2005, 11, 2840–2852.
[CrossRef] [PubMed]
Ahmadzadeh, V.; Farajnia, S.; Feizi, M.A.H.; Nejad, R.A.K. Antibody humanization methods for development
of therapeutic applications. Monoclon. Antib. Immunodiagn. Immunother. 2014, 33, 67–73. [CrossRef] [PubMed]
Vences-Catalán, F.; Levy, S. Immune Targeting of Tetraspanins Involved in Cell Invasion and Metastasis.
Front. Immunol. 2018, 9, 1277. [CrossRef] [PubMed]
Nakamoto, T.; Murayama, Y.; Oritani, K.; Boucheix, C.; Rubinstein, E.; Nishida, M.; Katsube, F.; Watabe, K.;
Kiso, S.; Tsutsui, S.; et al. A novel therapeutic strategy with anti-CD9 antibody in gastric cancers.
J. Gastroenterol. 2009, 44, 889–896. [CrossRef] [PubMed]
Worthington, R.E.; Carroll, R.C.; Boucheix, C. Platelet activation by CD9 monoclonal antibodies is mediated
by the Fc gamma II receptor. Br. J. Haematol. 1990, 74, 216–222. [CrossRef] [PubMed]

Cancers 2019, 11, 179

38.

39.

40.
41.

42.
43.
44.

45.
46.

47.

48.

49.

50.

51.

52.

53.

54.

13 of 14

Uckun, F.M.; Kersey, J.H.; Haake, R.; Weisdorf, D.; Ramsay, N.K. Autologous bone marrow transplantation in
high-risk remission B-lineage acute lymphoblastic leukemia using a cocktail of three monoclonal antibodies
(BA-1/CD24, BA-2/CD9 and BA-3/CD10) plus complement and 4-hydroperoxycyclophosphamide for ex
vivo bone marrow purging. Blood 1992, 79, 1094–1104. [PubMed]
Press, O.W.; Eary, J.F.; Appelbaum, F.R.; Martin, P.J.; Badger, C.C.; Nelp, W.B.; Glenn, S.; Butchko, G.;
Fisher, D.; Porter, B. Radiolabeled-antibody therapy of B-cell lymphoma with autologous bone marrow
support. N. Engl. J. Med. 1993, 329, 1219–1224. [CrossRef]
Witkowska, M.; Smolewski, P.; Robak, T. Investigational therapies targeting CD37 for the treatment of B-cell
lymphoid malignancies. Expert Opin. Investig. Drugs 2018, 27, 171–177. [CrossRef]
Palmer, T.D.; Martínez, C.H.; Vasquez, C.; Hebron, K.E.; Jones-Paris, C.; Arnold, S.A.; Chan, S.M.;
Chalasani, V.; Gomez-Lemus, J.A.; Williams, A.K.; et al. Integrin-free tetraspanin CD151 can inhibit tumor
cell motility upon clustering and is a clinical indicator of prostate cancer progression. Cancer Res. 2014,
74, 173–187. [CrossRef]
Haeuw, J.-F.; Goetsch, L.; Bailly, C.; Corvaia, N. Tetraspanin CD151 as a target for antibody-based cancer
immunotherapy. Biochem. Soc. Trans. 2011, 39, 553–558. [CrossRef]
Larson, S.M.; Carrasquillo, J.A.; Cheung, N.-K.V.; Press, O.W. Radioimmunotherapy of human tumours.
Nat. Rev. Cancer 2015, 15, 347–360. [CrossRef] [PubMed]
Ferrero, S.; Pastore, A.; Scholz, C.W.; Forstpointner, R.; Pezzutto, A.; Bergmann, L.; Trümper, L.; Finke, J.;
Keller, U.; Ghione, P.; et al. Radioimmunotherapy in relapsed/refractory mantle cell lymphoma patients:
Final results of a European MCL Network Phase II Trial. Leukemia 2016, 30, 984–987. [CrossRef] [PubMed]
Navarro-Teulon, I.; Lozza, C.; Pèlegrin, A.; Vivès, E.; Pouget, J.-P. General overview of radioimmunotherapy
of solid tumors. Immunotherapy 2013, 5, 467–487. [CrossRef] [PubMed]
Makvandi, M.; Dupis, E.; Engle, J.W.; Nortier, F.M.; Fassbender, M.E.; Simon, S.; Birnbaum, E.R.; Atcher, R.W.;
John, K.D.; Rixe, O.; et al. Alpha-Emitters and Targeted Alpha Therapy in Oncology: From Basic Science to
Clinical Investigations. Target Oncol. 2018, 13, 189–203. [CrossRef] [PubMed]
Allen, B.J.; Singla, A.A.; Rizvi, S.M.A.; Graham, P.; Bruchertseifer, F.; Apostolidis, C.; Morgenstern, A.
Analysis of patient survival in a Phase I trial of systemic targeted α-therapy for metastatic melanoma.
Immunotherapy 2011, 3, 1041–1050. [CrossRef] [PubMed]
Rosenblat, T.L.; McDevitt, M.R.; Mulford, D.A.; Pandit-Taskar, N.; Divgi, C.R.; Panageas, K.S.; Heaney, M.L.;
Chanel, S.; Morgenstern, A.; Sgouros, G.; et al. Sequential cytarabine and alpha-particle immunotherapy
with bismuth-213-lintuzumab (HuM195) for acute myeloid leukemia. Clin. Cancer Res. 2010, 16, 5303–5311.
[CrossRef] [PubMed]
Kraeber-Bodéré, F.; Rousseau, C.; Bodet-Milin, C.; Frampas, E.; Faivre-Chauvet, A.; Rauscher, A.;
Sharkey, R.M.; Goldenberg, D.M.; Chatal, J.-F.; Barbet, J. A pretargeting system for tumor PET imaging and
radioimmunotherapy. Front. Pharmacol. 2015, 6, 54.
Van de Watering, F.C.J.; Rijpkema, M.; Robillard, M.; Oyen, W.J.G.; Boerman, O.C. Pretargeted imaging and
radioimmunotherapy of cancer using antibodies and bioorthogonal chemistry. Front. Med. (Lausanne) 2014,
1, 44. [CrossRef]
Venkatanarasimha, N.; Gogna, A.; Tong, K.T.A.; Damodharan, K.; Chow, P.K.H.; Lo, R.H.G.;
Chandramohan, S. Radioembolisation of hepatocellular carcinoma: A primer. Clin. Radiol. 2017,
72, 1002–1013. [CrossRef]
Pruszynski, M.; D’Huyvetter, M.; Bruchertseifer, F.; Morgenstern, A.; Lahoutte, T. Evaluation of an Anti-HER2
Nanobody Labeled with 225Ac for Targeted α-Particle Therapy of Cancer. Mol. Pharm. 2018, 15, 1457–1466.
[CrossRef]
Sörensen, J.; Sandberg, D.; Sandström, M.; Wennborg, A.; Feldwisch, J.; Tolmachev, V.; Åström, G.;
Lubberink, M.; Garske-Román, U.; Carlsson, J.; et al. First-in-human molecular imaging of HER2 expression
in breast cancer metastases using the 111In-ABY-025 affibody molecule. J. Nucl. Med. 2014, 55, 730–735.
[CrossRef] [PubMed]
Rondon, A.; Ty, N.; Bequignat, J.-B.; Quintana, M.; Briat, A.; Witkowski, T.; Bouchon, B.; Boucheix, C.;
Miot-Noirault, E.; Pouget, J.-P.; et al. Antibody PEGylation in bioorthogonal pretargeting with
trans-cyclooctene/tetrazine cycloaddition: In vitro and in vivo evaluation in colorectal cancer models.
Sci. Rep. 2017, 7, 14918. [CrossRef] [PubMed]

Cancers 2019, 11, 179

55.

56.
57.
58.
59.

14 of 14

Houghton, J.L.; Membreno, R.; Abdel-Atti, D.; Cunanan, K.M.; Carlin, S.; Scholz, W.W.; Zanzonico, P.B.;
Lewis, J.S.; Zeglis, B.M. Establishment of the In Vivo Efficacy of Pretargeted Radioimmunotherapy Utilizing
Inverse Electron Demand Diels-Alder Click Chemistry. Mol. Cancer Ther. 2017, 16, 124–133. [CrossRef]
[PubMed]
Heiler, S.; Wang, Z.; Zöller, M. Pancreatic cancer stem cell markers and exosomes—The incentive push.
World J. Gastroenterol. 2016, 22, 5971–6007. [CrossRef] [PubMed]
Norain, A.; Dadachova, E. Targeted Radionuclide Therapy of Melanoma. Semin. Nucl. Med. 2016, 46, 250–259.
[CrossRef]
Raposo, G.; Stoorvogel, W. Extracellular vesicles: Exosomes, microvesicles and friends. J. Cell Biol. 2013,
200, 373–383. [CrossRef] [PubMed]
Rossin, R.; Robillard, M.S. Pretargeted imaging using bioorthogonal chemistry in mice. Curr. Opin. Chem. Biol.
2014, 21, 161–169. [CrossRef]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

