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Chimeric antigen receptor (CAR) T cell technology has ushered in a new era of
immunotherapy, enabling the targeting of a broad range of surface antigens,
surpassing the limitations of traditional T cell epitopes. Despite the wide range of
non-protein tumor-associated antigens, the advancement in crafting CAR T cells
for these targets has been limited. Owing to an evolutionary defect in the CMP-
Neu5Ac hydroxylase (CMAH) that abolishes the synthesis of CMP-Neu5Gc from
CMP-Neu5Ac, Neu5Gc is generally absent in human tissues. Despite this,
Neu5Gc-containing antigens, including the ganglioside GM3(Neu5Gc) have
consistently been observed on tumor cells across a variety of human
malignancies. This restricted expression makes GM3(Neu5Gc) an appealing and
highly specific target for immunotherapy. In this study, we designed and
evaluated 14F7-28z CAR T cells, with a targeting unit derived from the GM3
(Neu5Gc)-specific murine antibody 14F7. These cells exhibited exceptional
specificity, proficiently targeting GM3(Neu5Gc)-expressing murine tumor cells
in syngeneic mouse models, ranging from B cell malignancies to epithelial
tumors, without compromising safety. Notably, human tumor cells enhanced
with murine Cmah were effectively targeted and eliminated by the 14F7 CAR T
cells. Nonetheless, despite the detectable presence of GM3(Neu5Gc) in
unmodified human tumor xenografts, the levels were insufficient to trigger a
tumoricidal T-cell response with the current CAR T cell configuration. Overall,
our findings highlight the potential of targeting the GM3(Neu5Gc) ganglioside
using CAR T cells across a variety of cancers and set the stage for the
optimization of 14F7-based therapies for future human clinical application.

KEYWORDS

CAR (chimeric antigen receptor) T cells, GM3(Neu5Gc) ganglioside, carbohydrate
antigen, solid tumor, immunotherapy, 14F7, antibody

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1331345/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1331345/full
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1331345/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2024.1331345&domain=pdf&date_stamp=2024-02-02
mailto:anders.tveita@medisin.uio.no
https://doi.org/10.3389/fimmu.2024.1331345
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2024.1331345
https://www.frontiersin.org/journals/immunology

Heinzelbecker et al.

Introduction

Alterations in glycosylation patterns of malignant cells
represents a hallmark of cancer, and modified glycans present a
promising source of novel tumor-associated antigens. Notably, the
GD2 ganglioside and the Tn glycoform of the membrane
phosphoprotein MUCI have been probed as potential CAR T cell
therapy targets, with both demonstrating promising outcomes in
animal models of solid tumors (1, 2). Still, the repertoire of CAR T
cell strategies targeting non-protein antigens is limited.

The N-glycolyl-monosialodihexosyl ganglioside GM3(Neu5Gc)
has garnered attention as a potential immunotherapeutic target,
given its selective expression across a spectrum of tumor cells,
including adenocarcinomas (breast and colon), non-small cell lung
cancer, melanoma, lymphomas, and retinoblastomas (3-9). This
expression profile is supported by immunohistochemistry studies
(3-8) and in vivo scintigraphy using the GM3(Neu5Gc)-specific
antibody 14F7 (9), which showed minimal expression in healthy
tissues. Recently, the molecular recognition mechanism of 14F7 has

10.3389/fimmu.2024.1331345

been elucidated using protein engineering (10, 11), X-ray
crystallography (12-14) and liposome binding studies (15), and
cytotoxic effects of the 14F7 mAb have been comprehensively
studied (6, 16-18).

The biosynthesis of GM3 involves the enzyme ST3GALS5, which
transfers sialic acid from cytidine 5’-monophosphate-sialic acid (CMP-
SA) to its precursor lactosylceramide (LacCer) (illustrated in
Figure 1A). Depending on the specific sialic acid used, either
N-acetylneuraminic acid (Neu5Ac) or N-glycolylneuraminic acid
(Neu5Gc), the resultant products are GM3(Neu5Ac) or GM3
(Neu5Gc), respectively. The generation of Neu5Gc hinges on the
enzyme CMP-Neu5Ac hydroxylase (CMAH), which facilitates the
conversion of CMP-Neu5Ac to CMP-Neu5Gc (depicted in
Figure 1B). Intriguingly, due to a 92-bp deletion in the human
CMAH gene, Neu5Gc is absent in humans under normal conditions
(19). Yet, Neu5Gce-containing glycoproteins and glycolipids, including
GM3(Neu5Gc) have been identified on human tumor cells (20).

There is accumulating evidence that Neu5Gc, when ingested,
can be integrated into human cells (20-26). While the precise
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FIGURE 1

GM3(Neu5Gc) synthesis and expression in murine cell lines. (A) Schematic overview of the ganglioside biosynthesis pathway. Genes names encoding the
enzymes responsible for conversion steps are given in red. Created with BioRender. (B) Drawing illustrating the hydroxylation of N-acetylneuraminic acid
(Neu5Ac) to N-glycolylneuraminic acid (Neu5Gc), catalyzed by cytidine monophospho-N-acetylneuraminic acid hydroxylase (CMAH). (C, D) Histograms
showing surface 14F7 scFv staining in wild type (WT) and Cmah -, St3gal5-, and B4galtl knock-out variants of the murine plasmacytoma cell line X63
and the B lymphoma cell line L1210. (E) Histograms showing 14F7 scFv staining of murine cell lines under standard cell culturing conditions.

(F) Histograms showing 14F7 scFv staining of murine colon cancer CT26 and melanoma B16F10 (B16) cells ex vivo isolated from established s.c. tumors
(>5mm diameter). (G) 14F7 mAb immunohistochemistry staining of established NSO and B16 tumors (>5mm diameter). Scale bars indicate 100 um.
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mechanism for its preferential accumulation in malignant cells
remains elusive, it has been suggested that cellular hypoxia might
promote the acquisition of Neu5Gc, potentially driven by the
upregulation of the sialic acid transport protein, sialin (SLC17A5),
under hypoxic conditions (27).

A recent study using 14F7-derived mouse/human VH/VL scFvs
chimeras indicated that intratumoral administration of anti-GM3
(Neu5Gc) CAR T cells can delay tumor outgrowth in mCmah-
expressing ovarian cancer xenografts, but not in mice challenged
with wild-type cancer cells (28). In our current investigation, we
designed GM3(Neu5Gc)-targeted CAR T cells based on the murine
14F7 mAD to explore their therapeutic potential of 14F7-28z CAR T
cells against established tumors of both murine and human origins.
To this end, we utilized an extensively characterized murine scFv
fragment (14F7c1) (12, 13, 15) derived by phage display-based light
chain shuffling of the original 14F7 mAb (10). Our data reveal that
while 14F7-28z CAR T cells injected intravenously have potent
effects against established murine tumors, the expression levels of
GM3(Neu5Gc) in human tumor xenografts might be suboptimal
for effective CAR T-mediated targeting in its current form.

Results

14F7 mAb specifically recognizes
GM3(Neu5Gc)

Unlike humans, most mammals, including mice, possess a
functional Cmah gene. Previous studies have shown that the 14F7
mAb binds abundantly to the cell surface of the murine myeloma
cell line P3X63Ag8.653 (X63) (16). To validate the binding
specificity of 14F7, we used CRISPR/Cas9 to ablate Crmah in X63
cells, which led to a complete loss of 14F7 binding (Figure 1C).
Introducing nonsense mutations in the gene for the ganglioside
GM3 synthase lactosylceramide o.-2,3-sialyltransferase (St3gal5
(Figure 1A), also resulted in a loss of binding (Figure 1C).
However, the elimination of (3-1,4-galactosyltransferase (B4galtI),
which converts sialic acid precursors to the related GM2(Neu5Gc)
ganglioside, did not impact binding (Figure 1C). Similar
observations were made for L1210 B-cell lymphoma and NSO
plasmacytoma cells (Figure 1D and Supplementary Figure 1A).
These findings align with prior data, emphasizing the specificity of
14F7 for Neu5Gc-containing GM3 gangliosides and its lack of
cross-reactivity with other closely related Neu5Gc-containing
gangliosides (3).

Next, we assessed various murine tumor cells for GM3
(Neu5Gc) surface expression. Most cell types, including B16F10
melanoma and CT26 colon carcinoma cells, showed no detectable
14F7 staining under standard in vitro culturing conditions
(Figure 1E and Supplementary Table 1). Contrary to B-cell-
derived cell lines X63, NSO, and L1210, most murine cell lines
reportedly express negligible amounts of the CMAH enzyme in
vitro (29). Accordingly, the sialylation of GM3 under in vitro
conditions predominantly results in GM3(Neu5Ac) (29).
However, subcutaneous tumors from mice with B16 and CT26
cell lines exhibited strong GM3(Neu5Gc) surface expression, as
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determined by flow cytometry and immunohistochemistry
(Figures 1F, G). This suggests that these tumor cell lines either
accumulate the ganglioside externally or upregulate the CMAH
enzyme in vivo.

Murine 14F7 CAR T cells efficiently
eliminate GM3(Neu5Gc)-expressing tumor
cells in vitro

We constructed a 14F7-containing CAR with a murine CD28
transmembrane/signaling domain and a CD3 zeta signaling domain
(14F7-28mz) (Figure 2A). As a non-targeted negative control, we
generated a CAR targeting the hapten 4-hydroxy-3-iodo-5-
nitrophenylacetate (NIP; NIP-28mz), which is not expressed in
murine cells. Using recombinant protein L, we detected 14F7-28mz
CAR expression on primary murine T cells, which retained binding
to the 14F7 anti-idiotype antibody 4G9 (Figure 2B). Murine CD8"*
14F7-28mz CAR T cells were selectively activated when co-cultured
with L1210 cells (Figure 2C). They efficiently killed wild-type L1210
cells, but not L1210.Cmah™” or L1210.St3ga15‘/' cells (Figure 2C),
confirming in vitro functionality and specificity. Similar outcomes
were observed with NSO (Figures 2C, D) and X63 cells (data not
shown). As L1210.Cmah™ cells cannot synthesize endogenous
Neu5Ge from Neu5Ac, we explored their ability to incorporate
Neu5Ge from external sources. Bovine serum used in cell culture
contains millimolar amounts of Neu5Gc in fetal bovine serum (FBS)
(30), and previous studies have suggested that this may serve as a
source of GM3(Neu5Gc) expression in cells cultured in FBS-
containing medium (26, 28). In our hands, despite extensive
testing, no detectable 14F7 binding (by mAb or scFv staining) or
14F7-28mz CAR T-mediated killing of L1210.Cmah” cells was
observed when cultured in medium supplemented with up to 30%
heat-inactivated or non-heat-inactivated fetal bovine serum
(Supplementary Figure 1B and data not shown). However, when
cultured with the cell-permeable Neu5Gc sialic acid precursor N-
glycolyl-p-mannosamine (AcsManNGc), L1210.Cmah™ cells
displayed detectable GM3(Neu5Gc) surface expression after several
days (Figure 2E). These metabolically labeled cells were selectively
eliminated by 14F7-28mz CAR T cells (Figure 2F), suggesting that
metabolic labeling can allow sufficient GM3(Neu5Gc) accumulation
for CAR T cell recognition and elimination.

Murine 14F7 CAR T cells efficiently
eliminate large established tumors

In mice, the functional Cmah gene allows GM3(Neu5Gc)
expression in healthy tissue, raising potential concerns about
on-target off-tumor toxicity. To address this and to verify 14F7-
28mz functionality in vivo, we tested 14F7-28mz CAR T therapy in
Ragl”” BALB/c mice with large, established subcutaneous 11210
tumors. Treatment with a single iv. injection of CAR T cells
consistently reduced tumor size and delayed tumor growth,
enhancing survival compared to NIP-28mz CAR T-treated
controls (Figures 3A, B). Daily monitoring showed no significant
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FIGURE 2

14F7-28mz CAR T cells specifically recognize and eliminate GM3(Neu5Gc) expressing murine cell lines. (A) Schematic design of murine and human
versions of CAR targeting 14F7 (14F7-28mz and 14F7-28hz) and irrelevant controls targeting the hapten 4-hydroxy-3-iodo-5-nitrophenylacetic acid
(NIP; NIP-28hz and NIP-28hz). (B) Flow cytometry characterization of 14F7-targeted (14F7-28mz) and control (NIP-28zm) CAR T cells by surface
staining with recombinant protein L, anti-mouse lambda light chain mAb (9A8), and an anti-14F7 idiotope mAb (4G9). Staining of non-transduced
murine T cells is shown in grey. (C) IL-2 concentration in culture medium following 24h co-incubation of CAR T cells with L1210, L1210.Cmah™",
and L1210.5t3gal5 ’~ or NSO cells. Shown is one representative experiment out of two, expressed as mean + SD. (D) In vitro killing of L1210,
L1210.Cmah™’" and L1210.5t3gal5"" or NSO cells following 24h co-incubation with 14F7-28mz CAR T cells. Shown is one representative experiment
of three (6-8 replicates per group, mean + SD). (E) Histogram showing staining with 14F7 scFv of L1210 and L1210.Cmah / lymphoma cells under
normal cell culturing conditions and L1210.Cmah™" cells metabolically labeled with a sialic acid precursor N-Glycolyl-b-mannosamine pentaacetate
(AcsManNGc) (vehicle=DMSO). (F) In vitro killing of L1210, L1210.Cmah /" and L1210.Cmah™"" cells metabolically labeled with 10 yuM AcsManNGc
following 24h co-culture with CAR T cells. Shown is one representative experiment of two (n=6-8 per group, mean + SD). * p<0.05; *** p<0.001;

ns= not significant (p> 0.05)

weight loss or other side effects from the CAR T cells. Similar
outcomes were observed with 14F7-28mz CAR T in mice with
established NSO plasmacytomas (Figures 3C, D). Bioluminescence
imaging of luciferase-expressing CAR T cells confirmed selective
homing to the tumor site for both L1210 (Figure 3E) and NSO
(Figure 3F) experiments. No evidence of antigen loss in tumor cells
was observed after relapse, with 14F7 staining levels comparable to
in vitro cultured cells (Figure 3G). Moreover, cells from relapsed
tumors remained susceptible to in vitro killing by 14F7 CAR T cells
(data not shown).

Given that in vitro GM3(Neu5Gc)-negative tumor cell lines,
B16 melanoma (C57Bl6) and CT26 colon cancer (BALB/c), showed
14F7 binding during in vivo growth, we tested 14F7-28mz CAR T
therapy in immunocompetent mice with syngeneic solid tumors.
The adoptive transfer of 14F7-28mz CAR T cells inhibited tumor
growth and significantly extended survival in both models
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(Figures 3H, I). No significant weight loss or other side effects
were observed during daily monitoring over the course of the
experiment. Bioluminescence imaging confirmed selective CAR T
cell accumulation at the tumor site (Figure 3]). Together, these
findings validate the efficacy and broad applicability of GM3
(Neu5Gc) targeted CAR T cells, with apparent minimal toxicity
to healthy tissues.

Human 14F7 CAR T cells efficiently kill
GM3(Neu5Gc)-expressing tumor cells in
vitro and control established tumors

Numerous studies have reported strong 14F7 binding to human

tumor cells in biopsy specimens (3-8). However, in vitro cultured
human cancer cell lines typically show no detectable 14F7 antibody

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1331345
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Heinzelbecker et al.

A L1210 lymphoma
1500 == NIP-28mz T
g == 14F7-28mz CART
S
Py 1000
£
2
[=}
> 500
i<}
5
= 0
0 20 40 60 80
Days after CAR T treatment
C NSO plasmacytoma
. = NIP-28mz CAR T
& == 14F7-28mz CAR T
£
o
£
S
°
>
5
E
2

0 20
Days after CAR T treatment

40 60

E L1210 lymphoma

Luminesence
15

NIP-28mz

Total flux [p/s]

Radiance
(plseclem?/sr)

108

14F7-28mz

® Nip-28mz CAR
© 14F7-28mz CAR

G NSO plasmacytoma
T
’A In vitro cultured
|
J\\ Relapse (primary tumor)
i
i
) Relapse (metastasis)
r
i
é ; X scFv control
Cpae s pei
o' ow? e’ wt w e
GM3(Neu5GC)
| B16F10 melanoma
&= 100
£ =
£ < 804
g S 604
e=] =
9 3 40
5 20
€ p<0.005
= T T 1 0 T T T T ]
0 5 10 15 20 25 5 10 15 20 25
Days after CAR T treatment Days after CAR T treatment

== NIP-28mz CAR T
== 14F7-28mz CART

FIGURE 3

10.3389/fimmu.2024.1331345

B L1210 lymphoma
100 == NIP-28mz CART
= 14F7-28mz CART
g 804
= 60
2
g 40
@
20
p<0.0001
0 T T T 1
0 20 40 60 80
Days after CAR T treatment
D NSO plasmacytoma
100+ e NIP-28mz CART
== 14F7-28mz CAR T
801
<
%« 60
g
S a0
-1
%]
20
p<0.0001
20 40 60
Days after CAR T treatment
F NSO plasmacytoma
4 Luminesence
E 20
8 g
o x
H 2
=
o
N
p =
@D
“" Radiance
[ 8l (oscoiomersn)
2 o oae| @ Nip-28mz car
M © 14F7-28mz CAR
H CT26 colon adenocarcinoma
T 2000 100+ — NIP-28mz CART
= === 14F7-28mz CART
£ 1500 & 804
2 S 604
£ 1000 2
Q 5 40
z (%]
5 500 20
E p< 0.005
F 0 T 1 0 T T J
0 20 40 60 20 40 60
Days after CAR T treatment Days after CAR T treatment
J B16F10 melanoma

NIP-28mz

Total flux [p/s]

] Radiance
B (plsecicmi/sr)

14F7-28mz

1.00¢"| g 14F7-28mz CAR

Adoptive transfer of 14F7-28mz significantly delays tumor growth and prolongs survival in several murine tumor models. Survival and tumor volume
following adoptive transfer of Neu5Gc-targeting CAR T cells (14F7-28mz) or non-targeted CAR T (NIP-28mz) in mice harboring established (>5mm)
subcutaneous tumors. X-axis shows days after T cell transfer. T cells were transferred on day +7 (A-D, G, H) or day +10 (I) after tumor injection.

(A, B) Survival and tumor volume measurements following adoptive transfer of 14F7-28mz or NIP-28mz CAR T cells in mice harboring established
(>5mm) s.c. L1210 lymphomas (n=8-12) or (C, D) s.c NSO plasmacytomas (n=8-12). (E) Representative bioluminescence imaging (left panel) showing
accumulation of 14F7-28mz CAR T cell at the tumor side and quantification of whole-body bioluminescence signal (right panel) on day 7 after
adoptive transfer for both the L1210 tumor model (F) and the NSO tumor model (n=8) (G). Flow cytometry histograms showing 14F7 scFv staining of
cancer cells grown in vitro or ex vivo isolated from s.c. NSO primary tumor site and a regional lymph node metastasis following relapse after CAR T
therapy. Lower line shows staining with an irrelevant scFv. (H) Survival and tumor volume measurements following adoptive transfer of 14F7-28mz
or non-targeted CAR T in mice harboring established (>5mm) s.c. CT26 colon cancer (n=7-8) (I) or i.d. B16 melanoma tumors (n=8).

(J) Representative bioluminescence imaging (left panel) showing accumulation of 14F7-28mz CAR T cell localized to the B16 tumor side and
quantification of whole-body bioluminescence signal (right panel) on day 7 after adoptive transfer (n=8). * p<0.05; *** p<0.001.

binding by flow cytometry (29), likely due to the absence of a
functional CMAH gene in human cells. Despite the presence of
Neu5Gce-containing antigens in bovine serum, no 14F7
immunostaining was observed in human tumor cells cultured in
the presence of up to 30% FCS using either the murine 14F7 mAb or
a humanized version of this antibody (14F7hT) (Supplementary
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Figure 1C). Consistent with previous reports (29), we found that
introducing murine Cmah into the human MeWo tumor cell line
and HEK-293T cells led to detectable GM3(Neu5Gc) expression
under in vitro conditions (Figure 4A; Supplementary Figure 2A).
Given the observed GM3(Neu5Gc) expression in murine tumor
cells in vivo, we also assessed 14F7 mAb/scFv staining in human
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FIGURE 4

Human tumor cells can acquire GM3(Neu5Gc) surface expression and can be targeted by 14F7-28hz CAR T cells. (A) Histogram comparing GM3
(Neu5Gc) expression by flow cytometry staining with 14F7 scFv of in vitro cultured, ex vivo isolated, and mCmah expressing human melanoma MeWo
cells. (B) Histogram showing flow cytometry staining with 14F7 scFv following in vitro propagation for several weeks of MeWo cells after ex vivo isolation.
(C) Flow cytometry histogram showing staining with 14F7 scFv of MeWo cells metabolically labeled with 10 yM AcsManNGc (Vehicle=DMSO). (D) In vitro
cytotoxicity of 14F7-28hz CAR T cells and irrelevant Nip-28hz CAR T cells incubated at the indicated effector-to-target ratios with MeWo and
MeWo.mCmah cells. (E, F) Tumor volume measurements and Kaplan-Meyer survival curve following adoptive transfer of 14F7-28hz or NIP-28hz CAR T
cells in NSG mice harboring established (>5mm) subcutaneous MeWo.mCmah (n=7-8) (E) and MeWo (n=12) (F) melanoma tumors. (G) IFN-y secretion
of 14F7-28hz and NIP-28hz CAR T cells co-cultured with mCmah-expressing MeWo melanoma cells isolated from murine xenografts after tumor
growth over several weeks. Data is presented as mean + SD of one representative experiment of two. (H) Specific in vitro killing of 14F7-28hz compared
to NIP-28hz CAR T cells co-cultured with in vitro cultured, ex vivo isolated, AcsManNGc-loaded and mCmah expressing MeWo cells. Data is shown as
mean + SD from 6-8 replicates, in one representative experiment with three different PBMC donor (1) 14F7-1gG1 mediated antibody-dependent cellular
cytotoxicity of in vitro cultured, ex vivo isolated, AcsManNGc-loaded and mCmah-expressing MeWo cells. Shown is one representative experiment out
of two, expressed as mean + SD of technical replicates. RLU = relative light unit. *** p<0.001.

tumor xenografts, including MeWo melanoma, U87-MG glioma,  after allowing tumors to grow for several weeks (Figure 4B;
and SKOV-3 ovarian adenocarcinoma cell lines. Most cell lines  Supplementary Figure 2B, C and Supplementary Table 1),
showed GM3(Neu5Gc) acquisition during in vivo growth, as  aligning with prior reports (31, 32). However, GM3(Neu5Gc)
determined ex vivo by flow cytometry and immunohistochemistry ~ expression levels did not match the expression levels of the
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MeWo.mCmah variant and rapidly diminished when ex vivo
isolated cells were cultured under standard in vitro conditions
(Figure 4B and Supplementary Figure 2B).

Similar to observations in L1210.Cmah™ cells, GM3(Neu5Gc)
surface expression could be induced in human tumor cell lines by
adding the sialic acid precursor AcsManNGc to the culture medium
(Figure 4C and Supplementary Figures 2D, E). This further
underscores the ability of human tumor cells to incorporate
Neu5Ge into their plasma membranes, even in the absence of a
functional CMAH enzyme.

We subsequently developed a human 14F7-28hz CAR T cell. To
verify its functionality, we co-cultured it with MeWo variants that
displayed varying GM3(Neu5Gc) levels on their surfaces
(Figure 4A). CD8" 14F7-28hz CAR T cells eliminated
MeWo.mCmah cells but did not affect wild-type MeWo cells
(Figure 4D). Considering that human tumor xenografts appear to
acquire GM3(Neu5Gc) expression in vivo, we tested CAR T therapy
by intravenous adoptive transfer in NSG mice with established
subcutaneous MeWo xenografts measuring more than 5 mm in
diameter. 14F7-28hz CAR T cells notably delayed tumor growth
and extended the survival of mice with MeWo.mCmah tumors
(Figure 4E) but had no impact on mice challenged with wild-type
MeWo cells (Figure 4F). Co-incubation of ex vivo isolated MeWo
cells with 14F7-28hz CAR T cells triggered discernible CAR T
signaling, albeit weaker than with MeWo.mCmabh cells (Figure 4G).
However, the levels were not sufficient for tumor cell elimination
(Figure 4H). In contrast, the addition of 14F7 mAb instigated
significant antibody-dependent cell cytotoxicity (ADCC) against
both ex vivo-isolated and metabolically labeled MeWo cells
(Figure 4I). However, the activity was lower than with
MeWo.mCmah cells, suggesting that the lack of 14F7 CAR T cell
killing stems from a limitation in the CAR format and not from an
absence of 14F7-mediated recognition per se.

Discussion

Carbohydrate antigens, while commonly used as diagnostic
tumor markers, have yet to be fully harnessed for therapeutic
purposes in immunotherapy. Among these, GM3(Neu5Gc) stands
out due to its distinct expression profile, making it a promising
candidate for precision immunotherapy.

Our findings underscore the capability of CAR T cells, which
incorporate the antigen-binding domain of the 14F7 mAb, to
efficiently and selectively target tumor cells expressing the GM3
(Neu5Gc) ganglioside. The specificity of the 14F7 scFv is further
corroborated by the loss of binding observed in St3gal5 and Cmah
knock-out cell lines. Notably, the adoptive transfer of 14F7-28mz
CAR T cells in syngeneic mouse models led to the eradication of
established solid tumors. Interestingly, some tumor cell lines, which
lacked GM3(Neu5Gc) expression in vitro, showed accumulation of
the ganglioside in vivo. This suggests that the ganglioside might be
sourced either from an upregulated intrinsic Cmah expression or
from the surrounding environment, as suggested by previous
studies (20, 23, 24, 26). However, the absence of in vivo killing in
human xenograft models hints that the latter mechanism might not
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achieve the GM3(Neu5Gc) expression levels required for effective
elimination. Further studies using Cmah-deficient mice could
provide clarity on the GM3(Neu5Gc) acquisition source in
these scenarios.

A recent study by Cribioli et al. demonstrated that peritumoral
injection of 14F7 CAR T cells delays the outgrowth of CMAH-
expressing SKOV3 ovarian cancer xenografts injected four days
earlier (28). While that paper utilized CARs based on mouse/human
VH/VL 14F7 derived scFv chimeras sourced from the same
publication as the murine VH/VL scFv (14F7cl) used in the
present study, all scFv variants showed comparable binding
affinities (10). Although indications of in vitro CAR T cell-
mediated cytotoxicity against wild type SKOV3 cells was reported
by Cribioli et al., the target-specific nature of these responses were
not confirmed due to a lack of non-targeted CAR T cell controls
(28). Similar to our results, no delay in tumor outgrowth was seen
for wild-type human cancer cell xenografts, although the magnitude
of GM3(Neu5Gc) acquisition during in vivo growth was not
specifically addressed (28). We here substantiate and extend these
findings, demonstrating that while GM3(Neu5Gc) expression on
wild-type human tumor cells is attained during in vivo growth, and
some level of 14F7 CAR T activation is induced, this is insufficient
to elicit significant killing in established subcutaneous tumors.

Even though mice have a functional Cmah gene, the
introduction of 14F7 CAR T cells did not lead to notable off-
target side effects, suggesting that endogenous GM3(Neu5Gc)
expression levels in healthy tissues were not sufficient for CAR T
cell recognition and activation. Bioluminescence imaging of T cells
further confirmed that 14F7-28mz CAR T cell accumulation was
primarily located within the tumor site. This aligns with a recent
study that observed no discernible side effects after adoptive transfer
of human Neu5Gc-specific CAR T cells in NSG mice, albeit
conducted in the absence of a tumor challenge (28).

Our human 14F7-28hz CAR T cells demonstrated the ability to
recognize and eliminate human tumor cell lines that ectopically
express murine CMAH, both in vitro and in vivo. However, human
tumor cell lines with moderate GM3(Neu5Gc) expression remained
resistant to CAR T-mediated elimination. Prior research indicates
that dietary-derived Neu5Gc accumulates intracellularly over
several months (33). Thus, the GM3(Neu5Gc) accumulation
during human tumor development might be considerably more
pronounced than what is observed during a xenograft experiment.
While previous studies have indicated that the incorporation of
Neu5Gce from FCS-containing medium in in vitro cultured human
tumor cells (28), we failed to observe surface 14F7 immunostaining
(either by humanized or murine mAb or scFv) in such cells even
when passaged in a medium highly enriched with FCS. While the
cause of these discrepancies remains uncertain, it is clear from our
studies that Neu5Gc acquisition may occur during xenograft
growth, suggesting that metabolic reprogramming or similar
mechanisms may underlie this ability to incorporate Neu5Gc
from the environment. Of note, previous reports have indicated
that Neu5Gc incorporation from endogenous glycoconjugates
involves the endosomal pathway (24), with subsequent cytosolic
translocation via the sialic acid transporter SLC17A5, found to be
preferentially expressed under hypoxic conditions (27).
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Alternatively, de novo synthesis, induced by hypoxia, has also been
suggested as a possible mechanism of Neu5Gc acquisition (26).

The cytotoxic potential of 14F7 mAbs has been demonstrated in
several studies (6, 16, 17, 29). In line with these findings, we find
that human tumor cells grown in vivo acquire sufficient GM3
(Neu5Gc) expression to elicit ADCC by 14F7 mAbs, albeit
significantly less pronounced than CMAH-overexpressing tumor
cells. Given the observed safety profile of 14F7 CAR T cells in
Cmah-sufficient mice, and their limited efficacy against human
tumor cells with low GM3(Neu5Gc) expression, we hypothesize
that target affinity/avidity might be a limiting factor for 14F7 scFv-
based therapies, especially in tumors with inconsistent antigen
expression. Previous studies have used enzyme-linked
immunosorbent assay (ELISA) to probe binding to immobilized
gangliosides (10, 13), a system mimicking very high ganglioside
density, but less representative of the cell membrane environment.
In ELISA assays, both 14F7 (murine mAb) and various scFv formats
performed similarly, showing low nanomolar affinities [Ky4 =~ 15-40
nM (10); Kqg = 2-4 nM (13)] for GM3(Neu5Gc). Notably, this
includes both the presently used 14F7cl scFv (13) as well as the
constructs employed in the recent study by Cribioli et al. (28).

Recent in vitro studies have highlighted differences in retention as
well as a potential “all-or-nothing” threshold in 14F7 binding,
contingent on the GM3(Neu5Gc¢) surface density (15). In that
study, in contrast to previous reports, binding was assessed using
ganglioside-containing liposomes, rather than gangliosides alone, and
indicated Ky values of 3.4 UM for the scFv format versus 34 nM for
the corresponding mAb, measured with electrochemiluminescence
immunoassay (EIA) (15). The presence of two binding domains is
expected to yield stronger retention of the mAb format compared to
single antigen-binding domains when subjected to fluid dynamics,
and might offer a potential explanation of the poor performance of
14F7 scFv-based CAR T cells against tumor cells with limited
GM3(Neu5Ge) density.

The generally low affinity of naturally occurring antibodies
against carbohydrate antigens remains a well-recognized
challenge (34). To overcome this limitation in sensitivity towards
low-abundance GM3(Neu5Gc), future strategies may require
refined engineering of the kinetic profile, affinity, and CAR
architecture. Alternatively, effective GM3(Neu5Gc)-directed CAR
T cells may benefit from the incorporation of targeting elements
derived from novel engineered antibodies or alternative scaffolding
domains (35). Also, enhancing target availability in tumor cells
through the delivery of exogenous Neu5Gc or synthetic sialic acid
derivatives could be explored, as evidenced by the pronounced GM3
(Neu5Gc) expression in human tumor cells exposed to the cell-
permeable Neu5Gce precursor AcsManNGc in vitro. Successful in
vivo glyco-engineering using various acetylated sialic acid
precursors has been previously documented (36, 37).

The absence of detectable GM3(Neu5Gc) expression in in vitro
cultured human cells poses challenges for the development and
preclinical evaluation of therapies targeting this antigen. Our
findings suggest caution when using murine cell lines or human
cells with ectopically expressed functional Cmah, as the resulting
expression levels might not mirror those in human tumors.
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Although the majority of tumor cell lines showed no detectable
14F7 mAb binding under standard in vitro conditions, consistent
with prior reports (29), 14F7 mAb staining was consistently
observed in ex vivo isolated tumor cells from established s.c.
tumors of both murine and human origin. However, these
expression levels rapidly diminished with continued in vitro
propagation. The recent introduction of immunodeficient mice
with a Cmah mutation mimicking that of humans (38) offers a
promising avenue for evaluating novel GM3(Neu5Gc)-targeting
therapies in xenograft models and gaining deeper insights into
the selective accumulation of Neu5Gc in human cancer cells.

In summary, while there are evident limitations in 14F7 scFv
binding to human tumor cells, our results bolster the potential of
GM3(Neu5Gc) as a promising target for CAR T cell therapy across
a diverse range of cancer subtypes.

Methods
Antibodies and flow cytometry

The structure and purification of the GM3(Neu5Gc)-specific
14F7 mAb (mouse IgG1 kappa) and a humanized version (14F7hT;
human IgG1 kappa) have been previously described (3, 39). The
single-chain variable fragment (scFv) 14F7c1 was derived by phage
display light chain shuffling, and consists of the original murine
14F7 VH and a murine Ig kappa VL (10). Compared to the 14F7c1
scFv described by Bjerregaard-Andersen et al. (13), there are two
substitutions in the VH domain, which correspond to corrections of
the previously published sequence (PDB ID: 1RIH (14), corrected
sequence in (40)). Gene fragments encoding the 14F7c1 scFv (13),
an irrelevant 4-hydroxy-3-iodo-5-nitrophenylacetate (NIP) hapten-
specific scFv (41), and corresponding anti-idiotypic scFvs (4G9 and
9A8, respectively) (42, 43) were constructed by de novo gene
synthesis (Genscript Biotech Corp, NJ, USA) and inserted into
the periplasmic expression vector pHOG (13). Expression and
purification of scFv fragments were performed as previously
described (44). Purified scFv fragments were biotinylated using
EZ-Link Sulfo-NHS-Biotin (Thermo Fisher Scientific, MA, USA)
according to the supplied manual. 14F7c1 expressed in a full-length
mAb format was generated by transient transfection of Expi293
cells (ThermoFischer) using the pTRIOZ-hIgG1 expression vector
system (InvivoGen, Ca, USA). Flow cytometry was conducted using
an Attune NtX Flow Cytometer (Thermo Fisher) and analyzed
using FlowJo software v. 10 (FlowJo LLC, Ashland, OR, USA).

Cell lines and in vitro culture experiments

All cell lines were derived from the American Type Culture
Collection (ATCC, MA, USA) and cultured at 37°C in RPMI1640
GlutaMAX medium supplemented with 10% fetal bovine serum
(FBS; Thermo Fisher), unless otherwise specified. For metabolic
labeling, the sialic acid precursor N-glycolyl-p-mannosamine
pentaacetate (AcsManNGc; TCI Europe, Zwijndrecht, Belgium)
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was dissolved in dimethyl sulfoxide (DMSO; Sigma-Aldrich, MO,
USA), and 10 uM were added to standard culture medium. Tumor
cells were grown in AcsManNGe-containing medium for 7 days to
allow sufficient accumulation of GM3(Neu5Gc). AcsManNGc was
replenished every second day.

Mice and in vivo studies

C57BL/6], BALB/c, BALB/c RagZ’/’, and immunodeficient NSG
(NOD.Cg-Prkdc scid Il2rg tm1Wijl/Sz]) mice were obtained from
Taconic labs and housed in a Minimal Disease Unit (MDU) at the
Department of Comparative Medicine, Oslo University Hospital,
Norway. Mice aged 6-8 weeks were utilized for in vivo tumor
challenge experiments. For syngeneic tumor models, only female
mice were utilized. In contrast, NSG xenograft experiments
included both male and female mice, with equal gender
distribution across the groups. Following tumor cell injection,
mice were randomly assigned to different experimental groups.
For L1210 and NSO experiments in BALB/c RagZ'/' mice, 1x10°
tumor cells suspended in PBS were administered by subcutaneous
(s.c). injection. For B16 (C57BL/6J) and CT26 (BALB/c)
experiments, 0.35x10° B16 and 0.5x10° CT26 tumor cells were
administered intradermally (B16) or subcutaneously (CT26). After
the s.c. tumors exceeded >5mm, immunocompetent C57BL/6] and
BALB/c mice were preconditioned using a sublethal dose of X-ray
irradiation (400 cGy) 24 hours prior to the adoptive T cell transfer
of 4x10° CAR T cells (1:1 mixed CD4" and CD8") administered by
tail vein injection. For CAR T therapy experiments in
immunodeficient mice, 4x10° CAR T cells (1:1 mixed CD4" and
CD8" CAR T cell populations) were injected without
preconditioning. For human xenograft experiments, 1x10°
mCmah-expressing MeWo cells were injected s.c. in 200 ul
Matrigel (Corning Inc, NY, USA). Once the tumors were
established, 8x10° CAR T (1:1 mix of CD4* and CD8") cells were
administered into the lateral tail vein. This was repeated 14 days
later using 3x10° CAR T cells. Mice were monitored daily, and
tumor size was measured using a caliper. Tumor monitoring was
not blinded. Luciferase-expressing CAR T cells were detected by
bioluminescence imaging using the IVIS Spectrum In Vivo Imaging
System (PerkinElmer, MA, USA), in accordance with a previously
published protocol (45). Experiments were conducted according to
institutional and governmental guidelines and were approved by the
National Committee for Animal Experiments (Norwegian Food
Safety Authority, Oslo, Norway), approval no. 13013/25037.

Gene synthesis and viral transduction

The variable region amino acid sequence of an antibody against
the hapten 4-hydroxy-3-iodo-5-nitrophenylacetic acid (NIP; clone
B18) (41) was obtained from the RCSB Protein Data Bank (http://
www.rcsb.org, PDB ID: 1A6U). DNA containing the coding sequence
of the murine Cmah gene was purchased from OriGene (Cat.
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#MC219155; OriGene, MD, USA) and inserted into the 5” open
reading frame of the bicistronic retroviral expression vector MSCV-
IRES-GFP (Addgene #20672; Addgene, MA, USA). Plasmid DNA
encoding murine and human chimeric antigen receptors was
constructed by de novo DNA synthesis (Genscript). To generate
CAR T expression vectors, fragments encoding 14F7c1 or anti-NIP
scFv sequences were fused to the CD28 transmembrane/signaling
domain and CD3 zeta chain of murine and human origin,
synthesized, and inserted downstream of a murine IL2 signal
peptide sequence in the MSCV-IRES-GFP vector. For
bioluminescence imaging, a previously generated MSCV-based
vector expressing an enhanced version of firefly luciferase (MSCV-
IRES-Effluc) was utilized (46). Retrovirus production and
transduction were performed as previously described (47). For
transduction of murine T cells, primary cells were obtained from
splenocyte preparation by positive selection using anti-CD4 and anti-
CD8 MACS beads (Miltenyi Biotec, Bergisch Gladbach, Germany).
Human T cells were prepared from PBMCs isolated using
Lymphoprep gradient centrifugation (Axis-Shield, Oslo, Norway)
and selected using anti-CD4 and anti-CD8 MACS beads (Miltenyi
Biotec). T cells were activated by a 48-hour incubation in anti-CD3/
anti-CD28 mAb-coated cell culture plates and then transduced by a
30-minute centrifugation with retrovirus-containing supernatant in
24-well plates pre-coated with RetroNectin (Clontech Laboratories,
CA, USA). After viral transduction, CAR T cells were expanded in
RPMI+10% FBS and 100U/ml IL-2 (Peprotech, NJ, USA). To validate
CAR transduction efficiency, transduced T cells were stained with
biotinylated Protein L, 9A8 or 4G9 scFvs. Biotinylated scFv were
detected using a PE conjugated streptavidin secondary antibody.

CRISPR/Cas9 gene knock-out

Generation of CRISPR/Cas9 knock-out cell lines was performed as
previously described (48). Briefly, the ablation of Crmah, St3gal5, and
Bdgalt] genes was achieved by electroporating target cells using the
Cas9/gRNA vector pSpCas9(BB)-2A-GFP (kindly provided by Dr.
Feng Zhang via the Addgene repository; Addgene #48138) with the
following guide RNA template sequences: mCmah_s1: 5’-
TAGTCGTACCCTCCAGGAAA-3’, mSt3gal5_sl: 5-TCGGGT
GTACCATTGCAGGG-3, and mB4galtl_sl: 5'-CAGGATGCG
GCTAGACCGCC-3". The presence of biallelic loss-of-function
mutations in the resulting clones was confirmed by Sanger sequencing.

Immunohistochemistry

Five pm-thick cryosections from paraffin-embedded tumor
specimens were dewaxed, rehydrated, and washed in Tris-buffered
saline (TBS; Sigma-Aldrich) solution for five minutes. Sections were
blocked using a serum-free protein blocking solution (Agilent
Technologies, CA, USA) for 10 minutes at room temperature.
This was followed by incubation with 14F7 mAb (10 pg/mL) or
biotinylated 14F7-scFv (20 ug/mL) in TBST bufter (20mM Tris-
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HCI, 150mM NaCl, 0.1% Tween 20, pH 7.4) for 1 hour in a
humidified chamber. Negative control slides were incubated with
equal concentrations of normal human IgG or an irrelevant scFv
(NIP-scFv). After washing in TBS, sections were incubated for 30
minutes with the relevant detection agent (anti-human IgG-HRP/
Streptavidin-HRP, Southern Biotech, Birmingham, AL, USA) in
TBST buffer. HRP enzyme activity was detected using a
diaminobenzidine tetrahydrochloride (DAB) colorimetric
substrate (Thermo Fischer). Sections were counterstained with
Mayer’s hematoxylin (Sigma-Aldrich) and mounted with an
aqueous mounting medium.

Cytotoxicity and cytokine release assays

For cytotoxicity assays, target cells were labeled with methyl-
[3H] thymidine (3H-TdR, Montebello Diagnostics, Oslo, Norway)
16 hours prior at 37°C. 1x10™ target cells were seeded in each well of
a 96-well plate. CD8" CAR T cells were added at the indicated
effector-to-target (E:T) ratios. After 24 hours of co-culture, plates
were harvested and analyzed on a TopCount NXT microplate
counter (Perkin Elmer, Shelton, CT). For cytokine release assays,
CD8" CAR T cells were incubated with target cells at a 1:2 ratio.
After 24 hours, the conditioned culture medium was collected and
analyzed using Human IFN-y, human IL-2, or murine IL-2 DuoSet
ELISA kits (R&D Systems, Minneapolis, MN, USA).

Antibody-dependent cellular
cytotoxicity assay

Jurkat-Lucia " NFAT-CD16 reporter cells was obtained from In
vivoGen (In vivoGen, CA, USA) and maintained in RMPI
supplemented with 10% FBS, 10 pg/ml blasticidin and 100 pg/ml
zeocin. ADCC reporter assay was performed according to the
manufacturer’s instructions. In brief, 1x10° tumor cells were
incubated with the indicated amount 14F7-IgG1 antibody for 1h at
37°C in a 96-well plate. As a negative control polyclonal human IgGl
antibody (BioXcell, NH, USA) was used. Next, 2x10° ]urkat—LuciaTM
NFAT-CD16 were added, and plates was incubated at 37°C. After 18h
incubation, QUANTI—LucTM 4 Reagent (In vivoGen) was added to the
plate and immediately read out on a GloMax 96 Microplate
Luminometer (Promega, WI, USA). RLU of max was calculated
relative to the highest concentration (50 pug/ml) of 14F7-IgG1 antibody.

Statistical analysis

Cytotoxicity assay, cytokine release assay and ADCC assay data
were analyzed using one-way ANOVA. In vivo bioluminescent data
was analyzed using a non- parametric Mann-Whitney test. Survival
data of mice treated with either Nip-28z CAR T cells or 14F7-28z
CAR T cells were compared using the Mantel-Cox Log-Rank test.
All statistical analyses were performed using the GraphPad Prism
software (GraphPad Software, CA, USA, version 9.3.1). P-values
were considered statistically significant: * p<0.05; ** p<0.01; ***
p<0.001; ns= not significant.

Frontiers in Immunology

10

10.3389/fimmu.2024.1331345

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

Ethical approval was not required for the studies on humans in
accordance with the local legislation and institutional requirements
because only commercially available established cell lines were used.
The animal study was approved by Norwegian National Committee
for Animal Experiments (Norwegian Food Safety Authority, Oslo,
Norway). The study was conducted in accordance with the local
legislation and institutional requirements.

Author contributions

JH: Data curation, Formal analysis, Investigation, Methodology,
Writing - original draft, Writing - review & editing. MF:
Conceptualization, Data curation, Formal analysis, Supervision,
Writing - review & editing. IJ: Conceptualization, Data curation,
Formal analysis, Supervision, Writing - review & editing. UK:
Conceptualization, Formal analysis, Methodology, Project
administration, Resources, Supervision, Writing - review &
editing. GL: Conceptualization, Formal analysis, Methodology,
Resources, Supervision, Writing - review & editing. LM: Formal
analysis, Funding acquisition, Methodology, Resources,
Supervision, Writing — original draft, Writing - review & editing.
AT: Conceptualization, Data curation, Formal analysis, Funding
acquisition, Methodology, Project administration, Supervision,
Writing - original draft, Writing - review & editing.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This project
was supported by the Norwegian Research Council (grant 287990).
AT is supported by a grant from Norwegian Cancer Society’s Pink
Ribbon Campaign (grant 197403-2018). JH is supported by a grant
from the South-Eastern Norway Regional Health Authority
(2019034). MF is supported by a grant from the K.G. Jebsen
Foundation (grant SKJ-MED-019).

Acknowledgments

The authors wish to thank Prof. Stefan Oscarson, University
College Dublin for providing synthetic Neu5Gc for use in our
experiments. UK gratefully acknowledges the staff of the Center for
Molecular Immunology (CIM) in Havana, Cuba, for their long-
standing collaboration on research projects related to GM3
(Neu5Gc) ganglioside and the antibody 14F7, and for providing
murine and humanized 14F7 mAbs for control experiments.

frontiersin.org


https://doi.org/10.3389/fimmu.2024.1331345
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Heinzelbecker et al.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated

References

1. Posey ADJr., Schwab RD, Boesteanu AC, Steentoft C, Mandel U, Engels B, et al.
Engineered CAR T cells targeting the cancer-associated tn-glycoform of the membrane
mucin MUCI control adenocarcinoma. Immunity (2016) 44:1444-54. doi: 10.1016/
jimmuni.2016.05.014

2. Majzner RG, Ramakrishna S, Yeom KW, Patel S, Chinnasamy H, Schultz LM,
et al. GD2-CAR T cell therapy for H3K27M-mutated diffuse midline gliomas. Nature
(2022) 603:934-41. doi: 10.1038/s41586-022-04489-4

3. Carr A, Mullet A, Mazorra Z, Vazquez AM, Alfonso M, Mesa C, et al. A mouse
IgGl monoclonal antibody specific for N-glycolyl GM3 ganglioside recognized
breast and melanoma tumors. Hybridoma (2000) 19:241-7. doi: 10.1089/
02724570050109639

4. Lahera T, Calvo A, Torres G, Rengifo CE, Quintero S, del Carmen Arango C, et al.
Prognostic role of 14F7 mab immunoreactivity against N-glycolyl GM3 ganglioside in
colon cancer. ] Oncol (2014) 2014:482301. doi: 10.1155/2014/482301

5. Blanco R, Blanco D, Quintana Y, Escobar X, Rengifo CE, Osorio M, et al.
Immunoreactivity of the 14F7 mab raised against N-glycolyl GM3 ganglioside in
primary lymphoid tumors and lymph node metastasis. Patholog Res Int (2013)
2013:920972. doi: 10.1155/2013/920972

6. Carr A, Mesa C, del Carmen Arango M, Vazquez AM, Fernandez LE. In vivo and
in vitro anti-tumor effect of 14F7 monoclonal antibody. Hybrid Hybridomics (2002)
21:463-8. doi: 10.1089/153685902321043990

7. Oliva JP, Valdés Z, Casaco A, Pimentel G, Gonzalez J, Alvarez 1, et al. Clinical
evidences of GM3(NeuGc) ganglioside expression in human breast cancer using the
14F7 monoclonal antibody labelled with 99mTc. Breast Cancer Res Treat (2006)
96:115-21. doi: 10.1007/s10549-005-9064-0

8. Torbidoni AV, Scursoni A, Camarero S, Segatori V, Gabri M, Alonso D, et al.
Immunoreactivity of the 14F7 Mab raised against N-Glycolyl GM3 Ganglioside in
retinoblastoma tumours. Acta Ophthalmol (2015) 93:€294-300. doi: 10.1111/a0s.12578

9. Blanco R, Quintana Y, Blanco D, Cedeno M, Rengifo CE, Frometa M, et al. Tissue
reactivity of the 14F7 mab raised against N-glycolyl GM3 ganglioside in tumors of
neuroectodermal, mesodermal, and epithelial origin. J biomark (2013) 2013:602417.
doi: 10.1155/2013/602417

10. Rojas G, Talavera A, Munoz Y, Rengifo E, Krengel U, Angstrom J, et al. Light-
chain shuffling results in successful phage display selection of functional prokaryotic-
expressed antibody fragments to N-glycolyl GM3 ganglioside. J Immunol Methods
(2004) 293:71-83. doi: 10.1016/j.jim.2004.07.002

11. Rojas G, Pupo A, Gomez S, Krengel U, Moreno E. Engineering the binding site of
an antibody against N-glycolyl GM3: from functional mapping to novel anti-
ganglioside specificities. ACS Chem Biol (2013) 8:376-86. doi: 10.1021/cb3003754

12. Bjerregaard-Andersen K, Abraha F, Johannesen H, Oscarson S, Moreno E,
Krengel U. Key role of a structural water molecule for the specificity of 14F7—An
antitumor antibody targeting the NeuGc GM3 ganglioside. Glycobiology (2021)
31:1500-9. doi: 10.1093/glycob/cwab076

13. Bjerregaard-Andersen K, Johannesen H, Abdel-Rahman N, Heggelund JE, Hoas
HM, Abraha F, et al. Crystal structure of an L chain optimised 14F7 anti-ganglioside Fv
suggests a unique tumour-specificity through an unusual H-chain CDR3 architecture.
Sci Rep (2018) 8:10836. doi: 10.1038/541598-018-28918-5

14. Krengel U, Olsson L-L, Martinez C, Talavera A, Rojas G, Mier E, et al. Structure
and molecular interactions of a unique antitumor antibody specific for N-glycolyl GM3.
] Biol Chem (2004) 279:5597-603. doi: 10.1074/jbc.M311693200

15. Bjerregaard-Andersen K, Johannesen H, Abraha F, Sakanovi¢ A, Grofer D,
Coskun U, et al. Insight into glycosphingolipid crypticity: Crystal structure of the anti-
tumor antibody 14F7 and recognition of NeuGc GM3 ganglioside. BioRxiv (2020).
doi: 10.1101/2020.09.18.294777

Frontiers in Immunology

11

10.3389/fimmu.2024.1331345

organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1331345/
full#supplementary-material

16. Roque-Navarro L, Chakrabandhu K, de Leon J, Rodriguez S, Toledo C, Carr A,
et al. Anti-ganglioside antibody-induced tumor cell death by loss of membrane
integrity. Mol Cancer Ther (2008) 7:2033-41. doi: 10.1158/1535-7163.MCT-08-0222

17. Dorvignit D, Garcia-Martinez L, Rossin A, Sosa K, Viera J, Hernandez T, et al.
Antitumor and cytotoxic properties of a humanized antibody specific for the GM3
(Neu5Gc) ganglioside. Immunobiology (2015) 220:1343-50. doi: 10.1016/
j.imbi0.2015.07.008

18. Bousquet PA, Manna D, Sandvik JA, Arntzen M@, Moreno E, Sandvig K, et al.
SILAC-based quantitative proteomics and microscopy analysis of cancer cells treated
with the N-glycolyl GM3-specific anti-tumor antibody 14F7. Front Immunol (2022)
13:994790. doi: 10.3389/fimmu.2022.994790

19. Chou H-H, Takematsu H, Diaz S, Iber J, Nickerson E, Wright KL, et al. A
mutation in human CMP-sialic acid hydroxylase occurred after the Homo-Pan
divergence. Proc Natl Acad Sci U.S.A. (1998) 95:11751-6. doi: 10.1073/
pnas.95.20.11751

20. Malykh YN, Schauer R, Shaw L. N-Glycolylneuraminic acid in human tumours.
Biochimie (2001) 83:623-34. doi: 10.1016/s0300-9084(01)01303-7

21. Banda K, Gregg CJ, Chow R, Varki NM, Varki A. Metabolism of vertebrate
amino sugars with N-glycolyl groups: mechanisms underlying gastrointestinal
incorporation of the non-human sialic acid xeno-autoantigen N-glycolylneuraminic
acid. J Biol Chem (2012) 287:28852-64. doi: 10.1074/jbc.M112.364182

22. Bergfeld AK, Pearce OMT, Diaz SL, Pham T, Varki A. Metabolism of vertebrate
amino sugars with N-glycolyl groups: elucidating the intracellular fate of the non-
human sialic acid N-glycolylneuraminic acid. J Biol Chem (2012) 287:28865-81.
doi: 10.1074/jbc.M112.363549

23. Varki A. N-glycolylneuraminic acid deficiency in humans. Biochimie (2001)
83:615-22. doi: 10.1016/s0300-9084(01)01309-8

24. Bardor M, Nguyen DH, Diaz S, Varki A. Mechanism of uptake and
incorporation of the non-human sialic acid N-glycolylneuraminic acid into human
cells. J Biol Chem (2005) 280:4228-37. doi: 10.1074/jbc.M412040200

25. Byres E, Paton AW, Paton JC, Lofling JC, Smith DF, Wilce MC]J, et al.
Incorporation of a non-human glycan mediates human susceptibility to a bacterial
toxin. Nature (2008) 456:648-52. doi: 10.1038/nature07428

26. Bousquet PA, Sandvik JA, Jeppesen Edin NF, Krengel U. Hypothesis: Hypoxia
induces de novo synthesis of NeuGce gangliosides in humans through CMAH domain
substitute. Biochem Biophys Res Commun (2018) 495:1562-6. doi: 10.1016/
j-bbrc.2017.11.183

27. Yin J, Hashimoto A, Izawa M, Miyazaki K, Chen G-Y, Takematsu H, et al.
Hypoxic culture induces expression of sialin, a sialic acid transporter, and cancer-
associated gangliosides containing non-human sialic acid on human cancer cells.
Cancer Res (2006) 66:2937-45. doi: 10.1158/0008-5472.CAN-05-2615

28. Cribioli E, Giordano Attianese GMP, Coukos G, Irving M. CAR T cells targeting
the ganglioside NGcGM3 control ovarian tumors in the absence of toxicity against
healthy tissues. Front Immunol (2022) 13:951143. doi: 10.3389/fimmu.2022.951143

29. Dorvignit D, Boligan KF, Relova-Hernandez E, Clavell M, Lopez A, Labrada M,
et al. Antitumor effects of the GM3(Neu5Gc) ganglioside-specific humanized antibody
14F7hT against Cmah-transfected cancer cells. Sci Rep (2019) 9:9921. doi: 10.1038/
541598-019-46148-1

30. Nagai Y, Sakakibara I, Toyoda H. Microdetermination of sialic acids in blood
samples by hydrophilic interaction chromatography coupled to post-column
derivatization and fluorometric detection. Anal Sci (2019) 35:517-20. doi: 10.2116/
analsci.18P500

31. Kawashima I, Ozawa H, Kotani M, Suzuki M, Kawano T, Gomibuchi M, et al.
Characterization of ganglioside expression in human melanoma cells: immunological

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2024.1331345/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2024.1331345/full#supplementary-material
https://doi.org/10.1016/j.immuni.2016.05.014
https://doi.org/10.1016/j.immuni.2016.05.014
https://doi.org/10.1038/s41586-022-04489-4
https://doi.org/10.1089/02724570050109639
https://doi.org/10.1089/02724570050109639
https://doi.org/10.1155/2014/482301
https://doi.org/10.1155/2013/920972
https://doi.org/10.1089/153685902321043990
https://doi.org/10.1007/s10549-005-9064-0
https://doi.org/10.1111/aos.12578
https://doi.org/10.1155/2013/602417
https://doi.org/10.1016/j.jim.2004.07.002
https://doi.org/10.1021/cb3003754
https://doi.org/10.1093/glycob/cwab076
https://doi.org/10.1038/s41598-018-28918-5
https://doi.org/10.1074/jbc.M311693200
https://doi.org/10.1101/2020.09.18.294777
https://doi.org/10.1158/1535-7163.MCT-08-0222
https://doi.org/10.1016/j.imbio.2015.07.008
https://doi.org/10.1016/j.imbio.2015.07.008
https://doi.org/10.3389/fimmu.2022.994790
https://doi.org/10.1073/pnas.95.20.11751
https://doi.org/10.1073/pnas.95.20.11751
https://doi.org/10.1016/s0300-9084(01)01303-7
https://doi.org/10.1074/jbc.M112.364182
https://doi.org/10.1074/jbc.M112.363549
https://doi.org/10.1016/s0300-9084(01)01309-8
https://doi.org/10.1074/jbc.M412040200
https://doi.org/10.1038/nature07428
https://doi.org/10.1016/j.bbrc.2017.11.183
https://doi.org/10.1016/j.bbrc.2017.11.183
https://doi.org/10.1158/0008-5472.CAN-05-2615
https://doi.org/10.3389/fimmu.2022.951143
https://doi.org/10.1038/s41598-019-46148-1
https://doi.org/10.1038/s41598-019-46148-1
https://doi.org/10.2116/analsci.18P500
https://doi.org/10.2116/analsci.18P500
https://doi.org/10.3389/fimmu.2024.1331345
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Heinzelbecker et al.

and biochemical analysis. J Biochem (1993) 114:186-93. doi: 10.1093/
oxfordjournals.jbchem.a124153

32. Ecsedy JA, Holthaus KA, Yohe HC, Seyfried TN. Expression of mouse sialic acid
on gangliosides of a human glioma grown as a xenograft in SCID mice. ] Neurochem
(1999) 73:254-9. doi: 10.1046/j.1471-4159.1999.0730254.x

33. Hedlund M, Tangvoranuntakul P, Takematsu H, Long JM, Housley GD,
Kozutsumi Y, et al. N-glycolylneuraminic acid deficiency in mice: implications for
human biology and evolution. Mol Cell Biol (2007) 27:4340-6. doi: 10.1128/
MCB.00379-07

34. MacKenzie CR, Hirama T, Deng S, Bundle DR, Narang SA, Young NM. Analysis
by surface plasmon resonance of the influence of valence on the ligand binding affinity
and kinetics of an anti-carbohydrate antibody. J Biol Chem (1996) 271:1527-33.
doi: 10.1074/jbc.271.3.1527

35. Hwang MS, Miller MS, Thirawatananond P, Douglass J, Wright KM, Hsiue EH-
C, et al. Structural engineering of chimeric antigen receptors targeting HLA-restricted
neoantigens. Nat Commun (2021) 12:5271. doi: 10.1038/s41467-021-25605-4

36. Wang H, Wang R, Cai K, He H, Liu Y, Yen J, et al. Selective in vivo metabolic
cell-labeling-mediated cancer targeting. Nat Chem Biol (2017) 13:415-24. doi: 10.1038/
nchembio.2297

37. Chefalo P, Pan Y, Nagy N, Guo Z, Harding CV. Efficient metabolic engineering
of GM3 on tumor cells by N-phenylacetyl-D-mannosamine. Biochemistry (2006)
45:3733-9. doi: 10.1021/bi052161r

38. Dagur RS, Branch-Woods A, Mathews S, Joshi PS, Quadros RM, Harms DW,
et al. Human-like NSG mouse glycoproteins sialylation pattern changes the phenotype
of human lymphocytes and sensitivity to HIV-1 infection. BMC Immunol (2019) 20:2.
doi: 10.1186/512865-018-0279-3

39. Fernandez-Marrero Y, Roque-Navarro L, Hernandez T, Dorvignit D, Molina-
Pérez M, Gonzalez A, et al. A cytotoxic humanized anti-ganglioside antibody produced

in a murine cell line defective of N-glycolylated-glycoconjugates. Immunobiology
(2011) 216:1239-47. doi: 10.1016/j.imbio.2011.07.004

Frontiers in Immunology

12

10.3389/fimmu.2024.1331345

40. Bousquet PA. N-glycolyl GM3 as potential target for cancer immunotherapies.
[dissertation]. [Oslo, Norway]: University of Oslo (2014).

41. Hawkins RE, Russell S], Winter G. Selection of phage antibodies by binding
affinity. Mimicking affinity maturation. ] Mol Biol (1992) 226:889-96. doi: 10.1016/
0022-2836(92)90639-2

42. Rodriguez M, Llanes L, Pérez A, Pérez R, Vazquez AM. Generation and
characterization of an anti-idiotype monoclonal antibody related to GM3(NeuGc)
ganglioside. Hybrid Hybridomics (2003) 22:307-14. doi: 10.1089/153685903322538836

43. Izadyar L, Friboulet A, Remy MH, Roseto A, Thomas D. Monoclonal anti-
idiotypic antibodies as functional internal images of enzyme active sites: Production of
a catalytic antibody with a cholinesterase activity. Proc Natl Acad Sci U.S.A. (1993)
90:8876-80. doi: 10.1073/pnas.90.19.8876

44. Haabeth OA, Tveita A, Fauskanger M, Hennig K, Hofgaard PO, Bogen B.
Idiotype-specific CD4(+) T cells eradicate disseminated myeloma. Leukemia (2016)
30:1216-20. doi: 10.1038/leu.2015.278

45. Rabinovich BA, Ye Y, Etto T, Chen JQ, Levitsky HI, Overwijk WW, et al.
Visualizing fewer than 10 mouse T cells with an enhanced firefly luciferase in
immunocompetent mouse models of cancer. Proc Natl Acad Sci U.S.A. (2008)
105:14342-6. doi: 10.1073/pnas.0804105105

46. Haabeth OAW, Fauskanger M, Manzke M, Lundin KU, Corthay A, Bogen B,
et al. CD4(+) T-cell-mediated rejection of MHC class II-positive tumor cells is
dependent on antigen secretion and indirect presentation on host APCs. Cancer Res
(2018) 78:4573-85. doi: 10.1158/0008-5472.CAN-17-2426

47. Tveita A, Fauskanger M, Bogen B, Haabeth OAW. Tumor-specific CD4+ T cells
eradicate myeloma cells genetically deficient in MHC class II display. Oncotarget (2016)
7:67175-82. doi: 10.18632/oncotarget.11946

48. Ran FA, Hsu PD, Wright J, Agarwala V, Scott DA, Zhang F. Genome
engineering using the CRISPR-Cas9 system. Nat Protoc (2013) 8:2281-308.
doi: 10.1038/nprot.2013.143

frontiersin.org


https://doi.org/10.1093/oxfordjournals.jbchem.a124153
https://doi.org/10.1093/oxfordjournals.jbchem.a124153
https://doi.org/10.1046/j.1471-4159.1999.0730254.x
https://doi.org/10.1128/MCB.00379-07
https://doi.org/10.1128/MCB.00379-07
https://doi.org/10.1074/jbc.271.3.1527
https://doi.org/10.1038/s41467-021-25605-4
https://doi.org/10.1038/nchembio.2297
https://doi.org/10.1038/nchembio.2297
https://doi.org/10.1021/bi052161r
https://doi.org/10.1186/s12865-018-0279-3
https://doi.org/10.1016/j.imbio.2011.07.004
https://doi.org/10.1016/0022-2836(92)90639-2
https://doi.org/10.1016/0022-2836(92)90639-2
https://doi.org/10.1089/153685903322538836
https://doi.org/10.1073/pnas.90.19.8876
https://doi.org/10.1038/leu.2015.278
https://doi.org/10.1073/pnas.0804105105
https://doi.org/10.1158/0008-5472.CAN-17-2426
https://doi.org/10.18632/oncotarget.11946
https://doi.org/10.1038/nprot.2013.143
https://doi.org/10.3389/fimmu.2024.1331345
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Chimeric antigen receptor T cells targeting the GM3(Neu5Gc) ganglioside
	Introduction
	Results
	14F7 mAb specifically recognizes GM3(Neu5Gc)
	Murine 14F7 CAR T cells efficiently eliminate GM3(Neu5Gc)-expressing tumor cells in vitro
	Murine 14F7 CAR T cells efficiently eliminate large established tumors
	Human 14F7 CAR T cells efficiently kill GM3(Neu5Gc)-expressing tumor cells in vitro and control established tumors

	Discussion
	Methods
	Antibodies and flow cytometry
	Cell lines and in vitro culture experiments
	Mice and in vivo studies
	Gene synthesis and viral transduction
	CRISPR/Cas9 gene knock-out
	Immunohistochemistry
	Cytotoxicity and cytokine release assays
	Antibody-dependent cellular cytotoxicity assay
	Statistical analysis

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


