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ABSTRACT
Antibody-drug conjugates (ADC), combining the specificity of tumor recognition by monoclonal antibodies
(mAb) and the powerful cytotoxicity of anticancer drugs, are currently under growing interest and development.
Here, we studied the potential of Chi-Tn, a mAb directed to a glyco-peptidic tumor-associated antigen, to be
used as an ADC for cancer treatment. First, we demonstrated that Chi-Tn specifically targeted tumor cells in vivo.
Also, using flow cytometry and deconvolution microscopy, we showed that the Chi-Tn mAb is rapidly
internalized – condition necessary to ensure the delivery of conjugated cytotoxic drugs in an active form, and
targeted to early and recycling endosomes. When conjugated to saporin (SAP) or to auristatin F, the Chi-Tn ADC
exhibited effective cytotoxicity to Tn-positive tumor cells in vitro, which correlated with the level of tumoral Tn
expression. Furthermore, the Chi-Tn mAb conjugated to auristatin F also exhibited efficient antitumor activity in
vivo, validating for the first time the use of an anti-Tn antibody as an effective ADC.
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Introduction

Over the last two decades, monoclonal antibody (mAb) therapy
was established as an effective treatment against cancer.1,2

Therapeutic mAbs can be used as naked antibodies, inhibiting
tumor growth directly by inducing apoptosis upon binding to
their specific antigen, and/or indirectly by stimulating the
immune system. In addition, antibodies recognizing targets/
receptors expressed at the surface of malignant cells can be
used as antibody-drug conjugates (ADC) to target potent cyto-
toxic agents selectively to the tumors without affecting healthy
cells. The challenge for ADC strategies is to increase antitumor
efficacy with diminished toxicity.3

Antibodies can be conjugated to plant or bacterial toxins
(ricin and saporin or diphtheria toxin and pseudomonas exo-
toxin A, respectively), to radioisotopes (b emitters 90Y and 131I,
or a-particles 213Bi and 211At), to anticancer chemotherapies
(doxorubicin, methotrexate or vinblastine), and to toxic drugs
or their derivatives, such as calicheamicin (causing double-
strand DNA breaks), auristatins and maytansines (inhibitors
of microtubule assembly) or a-amanitin (inhibitor of RNA
polymerase II).4

Several requirements need to be fulfilled for a mAb to be
used as an ADC, including high tumor selectivity, high expres-
sion of its target cell surface antigen and internalization of anti-
gen-ADC complexes into the cancer cell where the drug will be

active.4,5 Upon ligand binding, membrane receptors are inter-
nalized within early endosomes. Some receptors are then
recycled back to the cell surface, while others are sorted into
late endosomes and lysosomes where degradation occurs.6

Conjugation of drugs to targeting antibodies is designed,
taking into account the subcellular compartment reached by
the ADC after internalization into the cell, so that the drug can
be released from the carrier under an active form.7 Thus, to
facilitate the drug release within early endosomes, pH-sensitive
linkers (for example acid-labile bonds such as hydrazide) have
been incorporated between the drug and the mAb, leading to
conjugates stable at pH D 7.4 in the blood, and cleaved at pH
D 5 in endosomes.5,8 Alternatively, other linkers containing
cleavable functions as disulfides, thioethers or dipeptides, have
been used that are cleaved inside the lysosomes, while releasing
the drug moiety.4,5 Drugs can be also attached to the mAb
through the non-cleavable maleimidocaproyl linker (mc),
which is related to the maleimidocaproyl-Valine-Citrulline
(mc-Val-Cit) linker.9 The maleimide is designed to react with a
thiol function on the antibody and the carboxylic acid end of
the linker with the secondary amine of auristatin. Identifying
tumor-specific surface proteins that are efficiently internalized
and drive their ligands to the appropriate endosomes for drug
delivery is a major challenge for the development of effective
cancer ADCs.
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Tn (CD175) is a tumor-associated carbohydrate antigen
composed of an N-acetyl-galactosamine residue (GalNAc)
linked by O-glycosylation to serine or threonine amino acids,
mainly found in mucin-type glycoproteins.10,11 The Tn antigen
is normally cryptic in mucin-type O-glycans and becomes
expressed at the surface of tumor cells because of alterations
along the O-glycosylation pathways, resulting in defective elon-
gation of carbohydrate chains. Importantly, Tn is highly
expressed in various epithelial cancers (primarily ovarian,
breast, prostate, colorectal, and lung cancers), and virtually
absent in normal tissues.12-17 Moreover, the Tn antigen is
involved in the adhesion of tumor cells to the lymphatic endo-
thelium, and Tn-antigen expression seems to correlate with
metastatic potential and poor prognosis.10,15,18 Thus, these data
make the Tn-antigen an attractive target for a therapeutic
antibody.

Several anti-Tn mAbs with different fine specificities for the
Tn antigen have been generated,16,18-22 and two of them were
reported to increase survival of mice inoculated with a Jurkat
tumor cell line 19 or a lung carcinoma cell line.23 However,
none of these antibodies have been validated for their use as an
ADC. In a previous work, we demonstrated that naked Chi-Tn
mAb, a mouse/human IgG1 chimeric anti-Tn mAb 22 was able
to induce the rejection of TA3Ha mammary tumor in mice and
this effect was dependent on activating FcgRs.14 In the present
study, we further explored the therapeutic potential of the Chi-
Tn mAb, but using the antibody as an ADC to selectively target
cytotoxic molecules into tumor cells. We showed that the naked
Chi-Tn mAb was effectively and rapidly internalized, reaching
the early, but not the late, endocytic compartments in vitro.
Furthermore, in vivo, the Chi-Tn mAb selectively accumulated
in the solid tumor, but not in healthy tissue. When conjugated
to saporin (SAP) or to auristatin F, the Chi-Tn ADC exhibited
effective cytotoxicity to Tn-positive tumor cells in vitro. Finally,
the Chi-Tn mAb conjugated to MMAF also induced a delay of
tumor growth in vivo, validating for the first time the use of an
anti-Tn antibody as an effective ADC.

Results

The chimeric mAb Chi-Tn specifically binds Tn expressed at
different levels on various tumor cell lines

The Tn antigen is present in numerous solid and hematologic
tumors,10,12-17,24-26 but its level of expression varies among the
different tumors and Tn can be found on various different pep-
tide sequences. Consequently, to study if the chimeric mAb
Chi-Tn can be used as a potential ADC to selectively target
cytotoxic molecules into tumor cells, we first confirmed and
extended our previous results 14 showing that this mAb recog-
nized Tn at the surface of different tumor cell lines (Fig. 1A).
Jurkat cells (human T-ALL) displayed the strongest Tn-specific
binding of the Chi-Tn mAb to the cell surface, and the human
ovarian cancer cell lines, Shin-3 and OvCar-3, also bound the
Chi-Tn mAb, although with a lower intensity. Tn surface
expression was also detected by Chi-Tn mAb in breast cancer
cell lines, either from human origin, such as MCF7 cells 14 or
from murine origin, such as TA3Ha cells (Fig. 1A).

It was previously shown that the ADC activity of therapeutic
Abs correlates with the expression level of its cognate tumoral
antigen.27-29 Thus, we estimated the amount of surface-
expressed Tn antigen by quantitative flow cytometry
(Fig. 1B).27,29 The Jurkat cells expressed the highest number of
Tn molecules at the cell surface, approximately 5 £ 105 per
cell, while Shin-3 or OvCar-3 cells express 6 £ 104 molecules
per cell. The murine TA3Ha tumor cells express an intermedi-
ate level with 1.5 £ 105 molecules/cell. This quantification by
flow cytometry was strongly correlated with the results
obtained by Scatchard analysis using radiolabeled Chi-Tn
(unpublished results from F. Davodeau, Nantes).

In vivo, the Chi-Tn mAb specifically targets tumor cells

To study the in vivo targeting capacity of the Chi-Tn mAb, we
used an experimental tumor model consisting in the subcutane-
ous (s.c.) injection of the Shin-3 human solid tumor cells to
nude mice. By day 12 after the injection, when solid tumors
were already palpable, mice were injected intraperitoneal (i.p.)
with Chi-Tn mAb or control mAb (Herceptin�, anti-Her2
mAb) and 2 d later, tumor and other organs were analyzed by
immunohistochemistry (IHC, Fig. 2A). As shown in Fig. 2B,
established solid tumors still highly expressed the Tn antigen,
while Tn expression was not detected in other tissues/organs
distal to the site of injection of the Shin-3 cells, such as liver,
spleen or lungs (data not shown). To evaluate the in vivo bio-
distribution of the Chi-Tn mAb, we directly labeled the tissue
sections with a PE-coupled secondary GaH-Fc Ab F(ab’)2 spe-
cific for the human Fc part of the Chi-Tn mAb. As shown in
Fig. 2C, the i.p.-injected Chi-Tn mAb was recovered in tumor
sections while it was not detected in other organs (liver, spleen,
and lungs, Fig. 2D). Moreover, no mAb was detected in tumors
from mice injected with the hIgG1 control mAb (data not
shown). These data indicate that in vivo, the Chi-Tn mAb spe-
cifically targets s.c. tumors, whereas it has no detectable binding
on normal tissues and suggest that Chi-Tn could be an attrac-
tive candidate mAb to deliver radiation, drugs or toxins to
tumor sites, without toxicity to normal tissue.

The Chi-Tn mAb is rapidly internalized in cancer cells

To use the Chi-Tn mAb as an ADC, it has to be internalized
effectively in its target cells to deliver the cytotoxic compound.
We then analyzed the outcome of the Chi-Tn mAb after its
binding to cell surface of tumor cells. For that, Jurkat, Shin-3,
and TA3Ha cells were first incubated at 4�C with Chi-Tn mAb,
then transfered to 37�C, and the membrane-bound Chi-Tn
mAb was quantified at different time points by flow cytometry.
As shown in Fig. 3A, only 20% of the Chi-Tn mAb initially
bound was detected after 5 min at 37�C, at the cell surface of
the three different tumor cell lines tested. The percentage of the
Chi-Tn mAb remaining at the plasma membrane after 1 h at
37�C reached 15, 4.4, and 10% on Jurkat, Shin-3, and TA3Ha
cells, respectively (Fig. 3A). These results showing that the Chi-
Tn mAb rapidly disappears from the plasma membrane at
37�C, suggest that the mAb is either internalized into the cells
or released into the extracellular medium.
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To determine if the Chi-Tn mAb was internalized into
tumor cells, the antibody was bound to Jurkat, OvCar-3, Shin-
3, or TA3Ha cell surface at 4�C, prior transfer of the cells to
37�C during various times. Analysis by deconvolution micros-
copy (Fig. 3B) showed that initially, at 4�C, the Chi-Tn mAb
was localized at the plasma membrane of the cells. After 5 min
incubation at 37�C, the Chi-Tn mAb was observed in

intracellular structures distributed throughout the cytoplasm.
Consistent with flow cytometry results, Chi-Tn mAb internali-
zation increased with time and was more noticeable in cells
originally displaying higher amounts of the Tn antigen at the
plasma membrane (see Fig. 1). After 15 min at 37�C, the Chi-
Tn mAb was internalized in about 77, 86, 44, and 79% of
Jurkat, OvCar-3, Shin-3, and TA3Ha cells, respectively (data

Figure 1. Chi-Tn mAb specifically binds Tn expressed at different levels on various tumor cell lines. (A) Jurkat, Shin-3, OvCar-3 or TA3Ha cells were labeled with the Chi-Tn
mAb or a control antibody (IvIg for human cells or trastuzumab for murine cells) at 20 mg/mL, then with a GaH-Fc-PE secondary antibody. DAPI-negative living cells were
acquired by flow cytometry and the PE mean fluorescence intensity (M.F.I.) was determined and is indicated for each sample. Numbers in the quadrants: % of cells. (B)
The number of Tn motifs expressed at the cell surface of different tumor cell lines was estimated by quantitative flow cytometry using a murine anti-Tn mAb.
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not shown). After around 30 min at 37�C, the Chi-Tn mAb-
containing vesicles were readily observed forming clusters close
to the juxta-nuclear region in all the studied cell lines. We con-
clude that the Chi-Tn mAb binds to the plasma membrane of
tumor cells, and is then rapidly internalized.

The Chi-Tn mAb localizes to early and recycling endosomes

After endocytosis, ligand-receptor complexes are internalized and
sorted to early endosomes. Receptors are then either recycled
back to the plasma membrane through recycling endosomes, or
delivered to late endosomes and lysosomes for degradation.6

We investigated the nature of the compartment(s) targeted
by the Chi-Tn mAb after internalization using markers of early
endosomes, recycling endosomes or late endosome/lysosomes.
After internalization in Jurkat cells, Chi-Tn mAb accumulated
in transferrin-positive compartments, indicating its presence in
early endosomes and/or recycling endosomes.30 (Fig. 4A). Chi-
Tn mAb was also present in Rab-11-positive recycling endo-
somes 30 (Fig. 4B), but with a lower proportion of co-localiza-
tion than in the early endosomes. These co-localizations started
as soon as 5 min and lasted for up to 4 h after transfer at 37�C.
On the contrary, Chi-Tn mAb could not be detected in late
endosomal/lysosomal LAMP-1C compartments, even after 4 h
of incubation at 37�C (Fig. 4C). We observed the same pattern
of intracellular localization of Chi-Tn in TA3Ha cells, with a
co-localization in early endosomes and no detection in
LAMP-1-positive compartments (data not shown). Therefore,

internalized Chi-Tn, accumulates in early and recycling endo-
somes and is delivered inefficiently to late endosomes and
lysosomes.

The Chi-Tn mAb coupled to saporin inhibits tumor cell
growth in vitro

Since Chi-Tn mAb is effectively and rapidly internalized, we
evaluated if it could be used as an ADC. To do so, Chi-Tn was
coupled to SAP, a ribosome-inactivating protein (RIP) that
inhibits protein synthesis and prevents cell proliferation.31

We first assessed whether SAP was directly cytotoxic to dif-
ferent cancer cell lines. For that, viability of TA3Ha, Jurkat,
OvCar-3, and Shin-3 cells was measured after 3 d of culture in
the presence of different concentrations of SAP. Fig. 5A shows
that unconjugated SAP, which has limited access to the cell
cytoplasm, does not markedly affect the viability of the different
cell lines at concentrations lower than 1 nM. However, at
higher concentrations, Jurkat and TA3Ha cell growth is inhib-
ited by the drug, indicating that these cells are more sensitive to
SAP at higher doses as compared to OvCar-3 and Shin-3 cells.

Conjugation of SAP to the Chi-Tn mAb, importantly
increased the drug cytotoxicity, which was not due to the mAb
itself because, as previously described,14 the Ab alone was inef-
fective at inhibiting in vitro cell proliferation of Jurkat, TA3Ha,
OvCar-3, and Shin-3 cells (Fig. 5B). SAP-conjugated Chi-Tn
mAb (Chi-Tn/SAP, molar ratio: SAP/Chi-Tn D 2.7) induced a
dose-dependent inhibition of the growth of the Tn-expressing

Figure 2. In vivo biodistribution of the Chi-Tn mAb. (A) Nude mice were grafted s.c. with 4 £ 106 Shin-3 tumor cells, and were injected i.p. on day 12 with the Chi-Tn mAb
or the control mAb at 20 mg/kg. On day 14, solid tumor and organs were removed and sectioned for immunofluorescence (IF) studies. (B) To detect Tn-positive cells, tis-
sue sections were labeled with the Chi-Tn mAb, and with GaH-Fc-Biot and Sa-Cy3. (C) and (D) To detect the presence of the Chi-Tn mAb (or control mAb, red), tumor (C)
or tissues (D) sections were labeled directly with GaH-Fc-Biot and Sa-Cy3. Nuclei were labeled using DAPI (blue), and images were acquired by microscopy.
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tumor cell lines Jurkat and TA3Ha after a 3 d-treatment in
vitro, but had no apparent effect on OvCar-3 and Shin-3 cells
(Fig. 5B). The Chi-Tn/SAP IC50 values were 7 £ 10¡11 M for
Jurkat cells and 8 £ 10¡9 M for TA3Ha cells. Notably, SAP
alone only inhibited Jurkat and TA3Ha cell growth at much
higher molar concentrations (IC50: 3–4 £ 10¡8 M) (Fig. 5A).
Furthermore, Chi-Tn/SAP conjugates showed no cytotoxic
effect on the Tn-negative EL-4 cell line (data not shown), while
SAP alone inhibited the growth of these cells at concentrations
similar to those inhibiting Jurkat and TA3Ha cell proliferation.
Of note, the Chi-Tn/SAP conjugate showed high toxicity when
administered to mice (data not shown), even at the low doses
previously reported.32

Collectively, these results demonstrate that Chi-Tn/SAP
immunotoxin displays Tn-specific cell cytotoxicity in vitro, for
concentrations of SAP lower than those required for cell
growth inhibition using SAP alone. However, as in our hands
the Chi-Tn/SAP conjugate is highly toxic for mice, we aban-
doned this strategy and conjugated the Chi-Tn mAb to a differ-
ent cytotoxic drug.

The Chi-Tn mAb coupled to auristatin F inhibits tumor cell
growth in vitro

Another Chi-Tn ADC was prepared by coupling the mAb to
the monomethyl auristatin F drug (MMAF), an antimitotic

agent that inhibits cell division by blocking the polymerization
of tubulin.9 MMAF is a monomethyl auristatin E (MMAE)
analog with a charged C-terminal phenylalanine residue that
attenuates the cytotoxic activity compared to the uncharged
counterpart MMAE, because it reduces the passive plasma
membrane crossing.9,33 Since we showed that internalized Chi-
Tn mAb accumulates in early and recycling endosomes, while
being delivered inefficiently to late endosomes and lysosomes,
we chose a protease-independent linker to conjugate the Chi-
Tn mAb and the Herceptin� control to MMAF. Indeed, the mc
linker is stable in the extracellular fluid, but is cleaved once the
conjugate has entered a tumor cell, thus releasing the anti-
mitotic compound.9,34 We prepared ADC-MMAF that con-
tained an average of five MMAF molecules per antibody
(Chi-Tn or Her).

As shown in Fig. 5C, free MMAF is cytotoxic to Tn-positive
Jurkat and Her2 positive SKBR3 cells, with IC50 values of 4.5 £
102 and 8.3 £ 101 nM, respectively indicating that these cells
are sensitive to the MMAF drug. Contrary to the Chi-Tn mAb
alone, which was ineffective at inhibiting the proliferation of
the Tn-expressing tumor cells Jurkat, except at the highest
tested dose, the Chi-Tn mAb conjugated to MMAF induced a
dose-dependent cytotoxicity on these cells after a 3 d-treatment
in vitro (Fig. 5D). Although the Chi-Tn/MMAF recognized Tn
at the surface of the Shin-3 or OvCar-3 cells Tn-expressing cell
lines as effectively as the naked Chi-Tn mAb (data not shown),

Figure 3. The Chi-Tn mAb is internalized into cancer cells. (A) Jurkat, Shin-3 or TA3Ha cells were incubated for 15 min on ice with the Chi-Tn mAb or with a control anti-
body (IvIg for human cells or trastuzumab for murine cells) at 20 mg/mL, washed, then transferred to 37�C for the indicated times. Cells were then labeled with GaH-Fc-
PE, and the Chi-Tn mAb M.F.I. was determined by flow cytometry in the DAPI-negative living cells gate. For each sample, the Chi-Tn M.F.I. is expressed as a percentage of
the Chi-Tn M.F.I. obtained for cells not transferred to 37�C (control cells). (B) Jurkat, OvCar-3, Shin-3 or TA3Ha cells were incubated on ice with the Chi-Tn mAb for 15 min,
washed and transferred to 37�C for the indicated period of time. Cells were then fixed to glass coverslips and labeled. Yellow: actin network; pink: membrane-bound or
internalized Chi-Tn mAb; blue: DAPI. Arrows indicate examples of internalized Chi-Tn mAb.
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the conjugate Chi-Tn/MMAF did not exhibit cytotoxicity
toward these cell lines (data not shown). Importantly, the Chi-
Tn/MMAF conjugate was specific for Tn expressing tumor cells
(Fig. 5D). Indeed, in the same experiment, MMAF conjugated
to a non-Tn binding mAb (Her/MMAF) did not have cytotoxic
activity to Tn-positive Jurkat cells, indicating that cell killing
was subsequent to binding to Tn. In parallel, Her/MMAF con-
jugate was cytotoxic to Her2-expressing SKBR3 tumor cells
(Fig. 5D). These results show that the Chi-Tn/MMAF ADC dis-
plays Tn-specific cell cytotoxicity in vitro. Therefore, in vivo
tumor targeting using Chi-Tn/MMAF conjugate should allow
the use of lower doses of the cytotoxic MMAF, specifically

delivering it into the Tn positive tumor cells and thus limiting
adverse toxic effects.

In vivo antitumor efficacy of Chi-Tn/MMAF ADC

We showed above that Chi-Tn/MMAF ADC exhibited in vitro
cytotoxicity on Jurkat, but not on OvCar-3 or Shin-3 cells. To
evaluate the in vivo antitumor activity of the ADC, we grafted
Jurkat cells s.c. in Nude mice, but the cells did not grow. Thus,
we moved to the LOX melanoma cell line, which expresses a
high and stable level of Tn at its surface (Fig. 5E) and forms
tumors in Nude mice. We first demonstrated that the

Figure 4. Analysis of the Chi-Tn mAb targeting to endosomal compartments Jurkat cells were labeled with the Chi-Tn mAb, transferred to 37�C for the indicated times,
then actin (yellow) and Chi-Tn (pink) were detected in fixed cells. Early endosomes were detected using Tf-A488 (green, A), recycling endosomes with Rab11 (green, B),
and late endosomes with anti-LAMP-1 mAb (green, C). Blue: DAPI. Images were acquired by deconvolution 3D-microscopy. Examples of co-localization (in white) are indi-
cated by arrows.
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Figure 5. In vitro and in vivo cytotoxicity of Chi-Tn-ADC on cancer cells (A–D) In vitro cytotoxicity of Chi-Tn ADC. (A) TA3Ha, Jurkat, OvCar-3 or Shin-3 cells were cultured
with the indicated concentrations of free saporin (SAP). (B) Jurkat, TA3Ha (left panel), and OvCar-3 and Shin-3 cells (right panel) were cultured with the indicated concen-
trations of Chi-Tn mAb (open symbol) or the Chi-Tn/SAP conjugate (filled symbol). (C) Jurkat and SKBR3 cells were cultured with free MMAF. (D) Jurkat (left panel) and
SKBR3 (right panel) cells were cultured with Chi-Tn/MMAF or Her/MMAF conjugate, naked Chi-Tn or Her mAb. Cell viability was assessed after 3 d of culture. Results are
expressed as percentage of viable cells compared to untreated cells. (E–H) In vivo cytotoxicity of Chi-Tn/MMAF against TnC LOX tumor cells. (E) LOX cells express a high
and stable level of Tn. LOX cells were labeled with the Chi-Tn mAb or a control antibody at 20 mg/mL, then with a GaH-Fc-PE secondary antibody and Tn expression was
measured by flow cytometry. (F) LOX cells were cultured with the Chi-Tn/MMAF or Her/MMAF conjugate at the indicated concentrations. Cell viability was then assessed
after 3 d at 37�C. Results are expressed as percentage of viable cells compared to untreated cells. (G) Experimental schedule of the in vivo antitumor assay. Nude mice
were grafted with the LOX TnC human cell line and then treated twice a week with the Chi-Tn/MMAF (n D 8) or control Her/MMAF (n D 6) conjugates, with the naked
Chi-Tn mAb (nD 6), or were left untreated (nD 7). (H) Tumor growth is depicted as Relative Tumor Volume (RTV), as explained in the Materials and Methods section. Sta-
tistical significance was calculated with Mann-Whitney test; significant statistical difference was observed on days 20 and 25 between Her-MMAF and Chi-Tn-MMAF
treated groups (�p < 0,05).
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Chi-Tn/MMAF conjugate showed cytotoxic activity on the
LOX cells in vitro, with cytotoxicity increasing with the dose of
ADC (Fig. 5F). This effect was specific to Tn binding, since the
ADC containing the irrelevant Ab, Her/MMAF, did not exhibit
cytotoxicity except at the highest tested dose. Then, the Chi-
Tn/MMAF was investigated in the LOX xenograft model in
Nude mice (Fig. 5G). After detection of a palpable tumor, mice
were treated with the Chi-Tn/MMAF twice a week along the
experiment. Mice did not present any overt clinical signs of
adverse events associated to the ADC treatment. We observed
that the Her/MMAF conjugate and the non-conjugated Chi-Tn
treated mice behaved similarly to the untreated mice (no statis-
tical significance). However, tumor-bearing mice treated with

Chi-Tn/MMAF showed an important delay of the tumor
growth, highlighting the antitumor activity of the drug-conju-
gated Chi-Tn antibody (Fig. 5H).

Tn is highly expressed in human cancer tissues, yet at
different levels

To further investigate which could be the more adapted clinical
setting for the use of anti-Tn drug-conjugate antibodies, we
analyzed by IHC the expression level of Tn in paraffin-embed-
ded tumor samples from patients with breast, ovary or endo-
metrium cancers. As shown in Fig. 6, Tn was detected in a
great majority of these tumor types, ranging from 80 to 90% of

Figure 6. Analysis of Tn expression in cancer samples from patients. Breast, ovary, and endometrium tumor samples were analyzed by IHC. (A) Representative images of
Tn expression in tumor and in healthy breast, ovary and endometrium tissues. (B) Quantification of Tn expression in the different tumor samples.
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positivity in the tested tumor sections (85% for breast, 90% for
ovary, and 83% for endometrium cancers). Although the level
of Tn expression was variable among the different samples, we
observed that TnC ovary tumors consistently exhibited the
highest intensity of staining. In the tumors, Tn immunostain-
ing was constantly localized in the cytoplasm, with frequent
enhancement of the labeling at the plasma membrane. Exclu-
sive staining at the plasma membrane was not observed. Vari-
ability in labeling score was related to the number of cells
exhibiting significant staining more than variations in staining
intensity. Of note, Tn expression could also be detected in non-
tumor cells of the epithelium of normal fallopian tubes. The
labeling of other non-tumor tissue was always at a distinctly
weaker signal compared to tumor cells. These results emphasize
that, as observed with the different tumor cell lines, the differ-
ent tumor types show varying degree of Tn expression that
could condition response to anti-Tn drug-conjugated Abs.

Discussion

Ideal antibodies for delivering cytotoxic drugs specifically to
tumors should target abundantly expressed tumor-specific sur-
face receptors that are internalized efficiently resulting in effec-
tive drug delivery. The Tn antigen (GalNac-O-Ser/Thr) is
expressed in a great variety of adenocarcinomas 10,12,13,15,16 and
in some hematologic malignancies,24-26 but not in healthy tis-
sue. Each anti-Tn antibody is unique in its recognition pattern
and function.35 Here, we show that the Chi-Tn mAb that we
have generated recognizes Tn on a variety of solid tumors with
high specificity,14,36 it is rapidly internalized into Tn-positive
tumor cells, and is localized mostly in early endosomes. Given
these results indicating that the Chi-Tn mAb is a good candi-
date to selectively deliver powerful cytotoxic agent to tumor
cells, we used an armed antibody approach. Indeed, we show in
this study that Chi-Tn mAb inhibits Tn-positive tumor cell
growth in vitro when coupled to SAP or MMAF cytotoxic
drugs, whereas Tn-negative cells remain unaffected. We also
describe a unique ADC that inhibits tumor growth in vivo by
specifically delivering the microtubule disrupting agent aurista-
tin F to Tn-expressing tumors. This constitutes the first evi-
dence that an anti-Tn antibody can be successfully conjugated
to a cytotoxic drug to be used as a novel antitumor therapeutic
agent.

The chimerization of the original murine anti-Tn 83D4 IgM
Ab with human Fc generated the Chi-Tn mAb, which recog-
nizes the Tn Ag on tumor cells with a 10-fold reduced affinity
(Kd 2.2 £ 10¡8 M) as compared to the original IgM (Kd 3.1 £
10¡9 M37). The moderate affinity might be correlated to the
glycopeptidic nature of the Ag as compared to rituximab or
trastuzumab, which are directed against protein (affinity of
10¡9–10¡10 M), since another IgG1 chimeric anti-Tn mAb was
reported to have a low affinity (10¡7 M).19 Even though inter-
mediate affinities may be detrimental for binding and internali-
zation, it was shown that low affinity mAbs may penetrate solid
tumors more efficiently.38

Usually Abs bound to their ligand enter cells along the endo-
cytic pathway, until they reach the acidic lysosomes where final
degradation occurs.39 Of note, in the case of the Chi-Tn mAb,
we observed that after binding to the surface-expressed Tn, the

antibody was rapidly internalized and detected mainly in early
endosomes and, to a lesser extent, in recycling endosomes.
However, although we did not observe the Chi-Tn mAb in
lysosomes, even after overnight incubation at 37�C, we cannot
exclude that the mAb reaches lysosomes and is too rapidly
degraded to be detectable. Nevertheless, the clinically used
mAb trastuzumab directed against HER2 has been described as
being similarly internalized in early/recycling endosomes and
then recycled to the plasma membrane in breast carcinoma cell
lines, without reaching lysosomes.40 Other Abs were also
described to localize in early and/or recycling vesicles41,42 and
still have antitumor effects, indicating that drug targeting into
early endosomes may represent an efficient alternative pathway
to obtain antitumor responses with ADC therapy.

Lysosomal compartments are also often the site of cleavage
of ADC, especially when the linker contains a dipeptide such as
the mc/Val-Cit/PAB used to bind MMAE or MMAF to
Abs.27,43 Therefore, since the Chi-Tn mAb mainly localized to
early endosomes, we chose to couple the Chi-Tn mAb using
the protease-independent mc linker. Indeed, this linker has
been previously described to appropriately conjugate Abs to
auristatin and to be as effective as the dipeptide-based linkers,
with the advantage of decreased toxic adverse effects.9,44 We
first used Chi-Tn mAb conjugated to the plant toxin SAP, a
ribosome-inactivating enzyme largely studied recently.45

Indeed, SAP is very stable, maintains its enzymatic activity after
conjugation, and resists to proteolytic degradation, thus pro-
ducing very efficient conjugates for the killing of target cells.45

We showed that the Chi-Tn mAb can be used as an efficient
ADC to induce tumor cytotoxicity, as Chi-Tn/SAP immuno-
toxin strongly inhibited the proliferation of Tn-positive Jurkat
and TA3Ha cells in vitro. Unfortunately, we could not evaluate
the Chi-Tn/SAP activity in vivo, as this conjugate was toxic for
mice. Indeed, we tested different Chi-Tn/SAP doses that, in
accordance to the existing literature, had been previously used
successfully, without toxicity (for review see reference45). We
have no clear explanations for this unattended experimental
observation, which could be due to specificities of this drug-
conjugated construct (Ab, linker), mouse genetic background
and/or tumor cell type.

We then evaluated auristatin derivatives, and selected
MMAF, less toxic as a free drug than the analog MMAE mole-
cule, resulting in reduced adverse effects on healthy tissues in
case of release in the extracellular environment before entering
the target tumor cell.9,43 The optimal drug loading per antibody
had already been described for MMAF, with the best therapeu-
tic index (ratio between an effective antitumor activity and the
maximal tolerated dose) obtained with four molecules per anti-
body46 as compared to its counterpart with eight drug mole-
cules per antibody. In our hands, our Chi-Tn/MMAF
conjugate contained an average of five molecules per antibody
– a molar ratio that was previously shown to have antitumor
activity with less adverse toxicity46 and potently inhibited the
proliferation of Tn-positive tumor cell lines in vitro. Interest-
ingly, the cytotoxic effect of the Chi-Tn mAb conjugated to
MMAF was dependent on the level of expression of Tn. Indeed,
we observed that the ADC inhibited proliferation of Jurkat and
LOX cells, which express high levels of the target antigen; but
not of Shin-3 and OvCar-3, which express low Tn levels,
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although these cells were sensitive to the free drug. This sug-
gests that the level of antigen targeted by the ADC is crucial to
achieve an effective antitumor effect by the Chi-Tn-drug conju-
gate, in agreement with previous studies.27-29

Our results are the first to show that Chi-Tn-based ADC
exhibit antitumor activity in a mice model using the Tn-
expressing LOX human tumor xenograft. Along these lines,
similar results obtained in in vivo models with antibodies tar-
geting other tumor-associated antigens, such as CD22, PMSA,
MUC16, and 5T4, conjugated to MMAF or to MMAE,47 have
supported the clinical development of these antibodies, as illus-
trated by numerous ongoing clinical trials in various tumor
types (http://www.seattlegenetics.com/pipeline). Furthermore,
an anti-CD30 mAb bound to MMAE (Brentuximab vedotin,
SGN-35, Seattle Genetics/Takeda) with high therapeutic effi-
ciency in Hodgkin’s lymphoma and anaplastic large cells lym-
phoma (ALCL), has been recently approved for clinical use in
more than 55 countries, including the US and European
countries.

Overall, our results documenting the high tumor selec-
tivity of the Chi-Tn mAb, its rapid internalization, and
targeting to early and recycling endosomes, as well as its
effective in vitro and in vivo antitumor effect when linked
to a cytotoxic drug, establish the proof of concept that an
anti-Tn mAb can be used as an ADC. Interestingly, we
observed that Tn was highly expressed in different tumor
types, such as breast, ovary, and endometrium carcinomas
but with variable patterns of distribution and intensity;
and also that the antitumor activity of Chi-Tn/MMAF
positively correlated with the level of Tn expression by the
tumor. Consequently, for clinical application, Tn expres-
sion in individual tumors could represent a good predic-
tive biomarker that should be taken into account in order
to propose Chi-Tn-ADC to the appropriate patients who
might benefit from this treatment, providing better antitu-
mor efficacy with reduced adverse toxicity.

Materials and methods

Cells and mice

TA3Ha (murine breast cancer, kindly given by C. Leclerc,
Institut Pasteur, Paris, France), Jurkat (human T-lymphoid
leukemia), OvCar-3 and Shin-3 (human ovarian carcino-
mas), SKBR3 (human breast adenocarcinoma) and LOX
(melanoma, kindly given by O. Fodstad, The Norwegian
Radium Hospital, Oslo, Norway) 48 cell lines were cultured
in RPMI 1640 (Gibco) containing Glutamax and 10% fetal
calf serum (FCS). EL-4 (murine T-lymphoid leukemia) cells
were cultured in the same medium supplemented with b-2-
mercaptoethanol (Gibco).

Swiss nu/nu female mice (Charles River laboratories,
France) were used in agreement with European and National
regulations for the Protection of Vertebrate Animals used for
Experimental and other Scientific Purposes (facility license No.
C75-05-18). Care and use of animals also complied with inter-
nationally established principles of replacement, reduction, and
refinement in accordance with the Guide for the Care and Use
of Laboratory Animals (NRC 2011).

Antibodies

Trastuzumab (Herceptin�, anti-Her2) was purchased from
Hoffman-La Roche. IvIg (Tegeline�, human immunoglobu-
lins) was obtained from LFB (Courtaboeuf, France). The Chi-
Tn mAb is a mouse/human chimeric IgG1 specific for the
Tn-antigen (Oppezzo, 2000), which was produced and puri-
fied by RD Biotech (Besançon, France) following our technical
indications.

Flow cytometry

To analyze the Chi-Tn mAb binding to tumor cell plasma
membrane, Jurkat (106), Shin-3, OvCar-3 or TA3Ha (4 £ 105)
cells were incubated for 15 min on ice with the Chi-Tn mAb or
a control antibody (IvIg for human cells or trastuzumab for
murine cells) at 20 mg/mL in PBS containing 0.5% BSA and
0.01% azide (PBS-BSA-azide). After washing, cells were labeled
using a secondary F(ab’)2 goat anti-serum specific for the
human Fc receptor for IgG (GaH-Fc) coupled to phycoerythrin
(PE) (GaH-Fc-PE, Jackson ImmunoResearch Laboratories).
DAPI (40,60-diamidino-2-phenylindole)-negative living cells
were acquired using a FACS CantoTM cytometer (BD Biosci-
ence), and analyzed using the FlowJo software (Tree Star Inc.).

Copy number of Tn antigen was determined by quantitative
flow cytometry using a murine anti-Tn mAb kindly provided
by R. Lo-Man and C. Leclerc (Institut Pasteur, Paris, France)
with the Qifikit (DAKO) following the manufacturer’s
instructions.

To analyze Chi-Tn mAb internalization, Jurkat (106), Shin-3
or TA3Ha (4 £ 105) cells were incubated for 15 min on ice
with the Chi-Tn mAb or with control antibodies at 20 mg/mL,
washed, then transferred at 37�C in a 5% CO2 atmosphere for
the indicated periods of time. The incubation was stopped
using cold PBS-BSA-azide; then the cells were labeled with
GaH-Fc-PE. DAPI-negative living cells (104) were acquired by
flow cytometry and analyzed as above.

Immunohistochemistry

Cancer samples were obtained from surgical specimens
removed in patients treated at the Institut Curie (Paris, France).
According to French regulation, patients were informed of the
research performed and did not express opposition. Tissue sec-
tions from formalin fixed paraffin-embedded tumor samples
were labeled with the 83D4 murine anti-Tn mAb37 and
revealed with a kit containing the biotinylated secondary Ab
and the avidin coupled to peroxidase (Vectastain Elite ABC kit,
VECTOR Laboratories) following the manufacturer’s instruc-
tions. Peroxidase was revealed with DAB chromogen (DAKO).
Samples were considered as Tn positive when � 50% of tumor
cells are labeled.

Biodistribution of the Chi-Tn mAb

Swiss nu/nu female mice were injected s.c. into the flank on day
0 with 4 £ 106 Shin-3 ovarian tumor cells. 12 d after tumor
xenograft, when solid tumors were grown, mice were injected
i.p. with the Chi-Tn mAb or the isotype control mAb

e1171434-10 C. SEDLIK ET AL.



(trastuzumab, Herceptin, Her) at 20 mg/kg in sterile PBS. 2 d
after (day 14), mice were euthanized. Solid tumor and organs
(liver, spleen, and lung) were removed, paraffin-embedded and
sectioned. To detect Tn-positive cells, tissue sections were
labeled with the Chi-Tn mAb followed by biotinylated GaH-Fc
(GaH-Fc-Biot) and Streptavidin-Cy3 (Sa-Cy3). To detect in
vivo the presence of the Chi-Tn mAb (or Herceptin), tissue sec-
tions were labeled directly with GaH-Fc-Biot and Sa-Cy3.
Nuclei were then stained with DAPI, and tissues were mounted
to slides.

Images were acquired using a histology microscope Eclipse
90i (Nikon Instruments Europe) equipped with a CDD camera
(CoolSNAP HQ2, Roper Scientific), and a dry objective (x10
CFI Plan Apo, NA 0.45).

Three-dimensional deconvolution microscopy

To visualize the Chi-Tn mAb internalization into tumor cells
by fluorescence microscopy, Jurkat (106), OvCar-3, Shin-3 or
TA3Ha (4 £ 105) cells were incubated on ice with Chi-Tn at
40 mg/mL for 15 min, washed with cold medium, and then
were incubated at 37�C for the indicated period of time. Inter-
nalization was stopped by adding cold PBS-BSA-azide. After
washing with PBS containing 0.01% azide (PBS-azide), cells
were allowed to adhere for 30 min at room temperature to
poly-L-lysine coated glass coverslips, fixed and permeabilized
using PBS containing 0.2% BSA and 0.05% saponin (PBS-BSA-
saponin). Actin network was labeled using Phallo€ıdin coupled
to Alexa Fluor 647 (Phal-A647, Molecular Probes, Invitrogen).
The membrane-bound or internalized Chi-Tn mAb was
revealed using GaH-Fc-Biot and Sa-Cy3. Cells were then
stained with DAPI, and mounted to glass slides with Mowiol.

Early endosomes were detected using Transferrin-Alexa
fluor 488 (Tf-A488, Molecular Probes), added to the cells at
10 mg/mL during the internalization period at 37�C. Recycling
endosomes or late endosomes were revealed by adding Rab11
or LAMP-1 antibodies, respectively, (BD Biosciences) at
2.5 mg/mL on fixed cells, then with the corresponding Alexa
Fluor 488-conjugated secondary antibody.

Images were acquired using a 3D microscope Eclipse 90i
(Nikon) equipped with a CDD camera (CoolSNAP HQ2, Roper
Scientific), a piezzo flexure objective scanner (Physik Instru-
mente), and an oil-immersion objective (x100 CFI Plan Apo
VC, NA 1.4). Deconvolutions were performed on stacks of
images taken with 0.2 mm plane spacing, using the three-
dimensional deconvolution module of MetaMorph� software
(Universal Imaging Corp.) and the fast iterative constrained
PSF-based algorithm.

Antibody-drug conjugates

The Chi-Tn mAb was coupled to SAP toxin through a disulfide
linker, by Advanced Targeting Systems (ATS), with a molar
ratio SAP/Chi-Tn D 2.7.

The Chi-Tn mAb coupled to MMAF was produced in our
lab and also by AGV Discovery. To prepare the conjugates with
MMAF, 10 mg of mAb (Chi-Tn or Her) were thiolated for 2 h
at room temperature with 40 M excess of Traut’s Reagent. The
excess of Traut’s Reagent was removed by gel filtration (GE

Healthcare) equilibrated in the conjugation buffer. The thio-
lated antibody was then incubated with a 30 M excess of
mc-MMAF diluted in DMSO (Concortis Biosystems) at room
temperature overnight. Then, modified antibodies were puri-
fied from the excess of the drug by gel filtration after elution
with 0.1 M sodium phosphate/0.15 M NaCl/10 mM EDTA (pH
7.6) buffer. The protein concentration was estimated using the
BCA protein assay. The molarity of the drug functionality
groups after the coupling reaction was determined by Maldi-
Tof. The typical overall yield of this antibody modification
procedure was five drugs by antibody (Chi-Tn or Herceptin).
Modified antibodies were stable for several weeks at 4�C.

Cell viability assay

Jurkat, TA3Ha, OvCar-3 or Shin-3 cells were plated in a 96-W
flat bottom tissue culture plates at 104 cells/well in triplicate.
The mAb conjugated to drug or free drug were added at the
indicated concentration, and plates were incubated for 3 d at
37�C. Cell viability was then assessed by adding the CellTiter
Blue� Cell Viability reagent according to the manufacturer’s
instructions (Promega) during the last 2 h 30 min of culture for
Jurkat cells or the last 4 h for the other tumor cells. The dye
reduction was measured on a fluorescent plate reader. Results
are expressed as a percentage of viability compared to untreated
cells incubated in the same conditions without any treatment
during the 3 d.

In vivo tumor therapeutic experiment

Swiss nu/nu female mice (n D 6–8) received a s.c. injection of
0.2 £ 106 LOX cells. When the tumor reached a volume
approximately of 100 mm3 as calculated according to the fol-
lowing formulae: V D (L £ l2)/2, where L and l are the largest
and the smallest perpendicular tumor diameters respectively,
mice were injected i.p. with the Abs coupled to the MMAF
(4 mg/Kg), twice a week. Growth curves plotted the mean vol-
ume of Relative tumor volume (RTV) calculated according to
RTV D (Vx/V1), where Vx is the tumor volume on day X and
V1 is the tumor volume at initiation of the therapy (day 1).
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