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Siglecs that binds cell surface sialoglycans are a family of immunomodulatory receptors, of which, Siglec-7
expressed on natural killer (NK) cells promotes tumor immunoevation while the role of Siglec-1 expressed on
macrophages on tumor development remains largely unexplored. Herein, we selectively introduced high affinity
sialoside ligands of Siglec-1 and Siglec-7 to tumor cell surface via in vivo Strain-promoted Azide-Alkyne cycli-
zation of TCCSiaa2,3—Lactose or FITCSl’a()<2,6—Lactose with 9-azido sialic acid (AZSia) metabolically installed on

tumor cell surface. We found that "°“Siaa2,3-Lactose conjugated on tumor surface moderately inhibited tumor
growth while F7¢Sjaq2,6-Lactose promote tumor growth. These results suggest high-affinity ligand of Siglec-1
dispalyed on tumors surface provide a new perspective for tumor immunotherapy.

Siglecs, a family of sialic acid-binding immunoglobulin-like lectins,
have been defined as immune cell glyco-checkpoints in disease.'® Most
of the Siglecs have a immunoreceptor tyrosine-based inhibitory motif
(ITIM) served as negative regulatory receptor.’*” For example, Siglec-7
on natural killer (NK) cells is a negative regulator of NK-mediated cell
killing of tumor cells that express Siglec-7 ligand.”®!%"'? However,
Siglec-1, expressed on macrophages which lacks ITIM.” To date, how the
binding of Siglec-1 to tumor surface glycans affects tumor development
remains largely unexplored. As T¢CSiaa2,3-Lactose and FCSian2,6-
Lactose are reported as selective high-affinity ligands of Siglec-1 and
Siglec-7, respectively,'®'* we sought to introduce high-affinity Siglec-1
ligand on tumor cell surface by metabolic glycan labeling (MGL), aiming
to examine its performance to recruit macrophages and to suppress
tumor growth.

MGL emploits substrate promiscuity of Sia biosynthetic pathway to
modify cell syrface glycans with abiotic Sia bearing unique chemical
handles such as azide.'>'° The azide could be bioorthogonally labeled
for diverse purposes such as cell surface glycan imaging and tumour
treatment.'> %? We first utilized MGL to modify tumor cell surface on
mice models with #*Sia with the aid of ligand-targeted liposomes
(AZSia@LP-Biotin), and then intravenously inject aza-
dibenzocyclooctyne (DBCO)-conjugated high-affinity ligands of Siglec-
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1 (TCCSia(x2,3—Lac—DBCO) or Siglec-7 (FITCSia(x2,3—Lac—DBCO) to cova-
lently label A*Sia expressed on tumor surface via Strain-promoted Azide-
Alkyne cyclization (SPAAC)?>~%% (Fig. 1). We observed suppression of
tumor growth with high-affinity ligand of Siglec-1 while Siglec-7 high-
affinity ligand promote tumor growth, suggesting that Siglec-1 that lacks
IMIT motif could be potentially exployed for tumor immuotherapy.

To incorporate Siglec-1 ligand on tumor cell suface, we opted biotin-
decorated liposomes that encapsulate AZGia (AZSia@LP—Biotin) to meta-
bolically install A*Sia on biotin recetor-expressing tumor surface over
healthy tissues.”” We prepeared AZSia@LP-Biotin (Fig. S1) according to
our previous work,?” and then examined its capacity to metabolically
label B16-F10 cells that express high levels of biotin-receptor,”®?? and
exhibit sialic acid-correlated high metastatic potential.>’>' The cells
were incubated with *?Sia@LP-Biotin for varied periods of time, and
then treated with ™Sia«2,6-Lac-DBCO via SPAAC. Confocal fluores-
cence microscopy analysis showed bright green-fluorescense intensity
on cell surface as a function of incubation time whereas “?Sia-free li-
posomes casued no obvious fluorescence on cell surface, suggesting
metabolic labeling of cell-surface glycans in B16-F10 cells (Fig. 2A). We
next explored the retention time of FITCgjan2,6-Lactose anchored on cell-
surface by culturing pre-labeled cells in fresh medium for 24 h. Albeit
decreased, sigificant levels of green fluorescense was identified on the
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Fig. 1. Schematic for tumor suppression via installation of high-affinity Siglec-
1 ligand on tumor surface. *’Sia@LP-Biotin recognized by the cell-surface re-
ceptors expressed on the tumors induces the internalization of the liposomal
AzSia into the cancer cells. The A*Sia is utilized by biosynthetic enzymes and
incorporated selectively into tumor-associated glycans, and then T“Siaa2,3-
Lac-DBCO is covalently labeled on the cell membrane by SPAAC in vivo
inducing tumor suppression.

cell surface. The 24-h retention time indicated the potential of
FITCSian2,6-Lactose ligand conjugated on tumor cell surface to recruit
immune cells (Fig. 2B).

We speculated that Siglec™ immune cells could be better recruited to
tumor cells by high affinity Siglec ligands installed on tumor cell surface.
To test this, we modified A“Siat B16F10 cells with an affinity ligand of
Siglec-1 (TCCSiaoc2,3-Lac-DBCO) or Siglec-7 (FITCSiaoc2,6-Lac-DBCO), and
then co-cultured these modified cells (referred to as TCCSiaocZ,S-Lac+ and
FITCgiaa2,6-Lac™) with Siglec-7" NK92 cells or Siglec-17 bone marrow
derived macrophages (BMDM), repectively. As shown in Fig. 3A, NK92
cells caused aggregation of T Sian2,6-Lact B16-F10 tumor cells as
compared to unmodified tumor cells. This confirmed upregulated
tumor-immune cell interactions mediated by high affinity Siglec-7
ligand (F''CSjan2,6-Lactose) incorporated on tumor surfaces. In
contrast, cell death was induced by high affinity Siglec-1 ligand installed
on tumor surfaces (TCCSiaoQ,B-Lac+ cells) in the presence of Siglec-l+
macrophages, as evidenced altered cell shape and genesis of cell debris
(Fig. 3B).

We then performed real time course study to image interplay of
immune cells with Siglec-ligand™ tumor cells by confocal microscopy.
We identified physical contact of macrophages with T°Siaa2,3-Lac*
tumor cells over unmodified tumor cells (Fig. 3C). Similar pattern was
recapitulated in the interaction of NK cells with F'"CSian2,6-Lac™ tumor
cells using ligand-free tumor cells as control (Fig. 3C). In addition, we
also tested the interplay of Siglec™ immune cells with mismatched li-
gands incorporated on tumor cell surface. '°Sian2,6-Lac” B16-F10
cells exhibited no obvious physical contact with Siglec-1" BMDM, and
this also ocurred between and T¢“Siaa2,3-Lac*-B16-F10 cells and Siglec-
7" NK92 cells (Fig. S2). Taken together, these data confirmed tumor-
imune cell interaction promoted by Siglecs and their cognate affinity
ligands displayed on tumor cell surface.

Next, we explored the influence of Siglec ligands conjugated on
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Fig. 2. Covalent labeling of tumor cell surface with high affinity Siglec-7
ligand. (A) B16-F10 cells were incubated with AZSia@LP—Biotin for 0-24 h,
and then treated with F7CSian2,6-Lac-DBCO (100 pM) before confocal fluo-
rescence microscopic analysis. (B) FITCSiao(Z,6-Lactose-labelled B16-F10 cells
were cultured in fresh DMEM for 24 h, and then imaged by confocal fluores-
cence microscopy. Scale bars, 5 pm.

tumor cell surface on tumor growth in vivo. TCCsian2,3-Lac™,
FITCGiaq2,6-Lact, or *%Sia* B16-F10 cells were subcutaneously inocu-
lated into the C57BL/6 mice, respectively. After 7 day-inoculation, the
tumor of T¢CSiax2,3-Lac™ cells exhibited 50% volume reduction
compared to that of Azgiat cells (Fig. 4). This retardation was further
confirmed by time course study on tumor sizes after innoculation. For
instance, the volume of tumor derived form T¢‘Siaa2,3-Lac* cells
remained about 30% smaller than that from the 4%Sia™ cells (Fig. 4).
Given the role of Siglec-1 on promoting macrophagic endocytosis and
that fact that Siglec-1 lacks intracellular cell signaling activity, this
tumor retardation is likely due to endocytosis of tumor cells promoted
by Siglec-1 and T°“Sian2,3-Lac ligand incorporated on tumor cell
surface.

In contrast to tumor retardation on T“Siax2,3-Lac™ cells, the volume
of MTCSian2,6-Lact tumor increase about 30% over *’Sia* tumor
(Fig. 4). This is consistent with documented effects of Siglec-7 on NK
cells that promote tumor immunosuppression dues to its binding to Sia
on tumor surface. We anticipated that the promoted tumor growth by
FITCSia02,6-Lactose, a known high affinity ligand of Siglec-7, originated
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Fig. 3. Tumor-immune cell binding elicited by Siglecs and conjugated high
affinity Siglec ligands installed on tumor cell surface. (A) Aggregation of
FITCSia02,6-Lac™ B16-F10 cells induced by NK cells. B16-F10 cells were labeled
with "T¢Sjaa2,6-Lac-DBCO while NK92 cells were preststained with red fluo-
rescence using a reported procedure®”. Scale bars, 25 um. (B) Cell death of
TCCsjan2,3-Lact B16F10 cells by BMDM cells. B16-F10 cells were labeled with
TCCSian2,3-Lac-DBCO while BMDM cells were preststained with red fluores-
cence” . Scale bars, 25 um. (C) Real time imaging of the interaction of immune
cells with B16F10 modified with Siglec ligands installed on cell surface.
TCCsjan2,3-Lact or T“Sian2,3-Lac” B16-F10 cells were co-cultured with red
fluorescence labelled BMDM cells®2, and photos of the cells were taken every 10
mins for 2 h. ™¢Siaa2,6-Lac* or ™CSjan2,6-Lac” B16-F10 cells were co-
cultured with red fluorescence labelled NK92 cells®?, and photos of the cells
were taken every 10 mins for 2 h. Scale bars, 10 pm.

from its binding to Siglec-7 and enhanced tumor immunosuppression
thereafter. Taken together, these results demonstrate the potential of
Siglec-1 to trigger macrophage-engaged antitumor effects.

With the demonstrated effects of T°°Siaa2,3-Lactose pre-anchored on
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Fig. 4. Differential in vivo immunological responses triggered by high affinity
ligands of Siglec-1 and Siglec-7 incorporated tumor cell surface in mice.
TCCsian2,3-Lac”, M1CSian2,6-Lact, and #%Sia* B16-F10 cells were subcutane-
ously inoculated into mice which were maintained for 0-11 days. The tumor
volumes were measured at 5th, 7th, 9th, and 11th day post inoculation, 3 mice
in each group.

10 1"

tumor cells to inhibit tumor formation, we were keen to determine the
antitumor efficacy of in vivo installation of Siglec-1 ligand on tumor cell
surface, a condition of clinical relevance. C57BL/6 mice inoculated with
B16-F10 cells, kept for 3 days, and intravenously injected with
AZGia@LP-Biotin via tail-vein. The mice were then injected with
TCCsja2,3-Lac-DBCO, using '°Sjaa2,6-Lac-DBCO and phosphate
buffered saline (PBS) as the controls. The mice were kept for 0-14 days
and the tumor volume and body weight were regularly monitored
(Fig. 5A-B). At 14th day, these mice sacrificed, and tumors were
dissected. Relative to tumors from mice treated with PBS, administration
of TCCSiaocZ,B-Lac-DBCO resulted in 40-50% reduction in tumor volume
whereas FT¢Sjan2,6-Lac-DBCO leaded to 110% increase in tumor vol-
ume (Fig. 5C), similar results were found in tumor weight statistics
(Fig. 5D). In parallel, no obvious effects on body weight were caused by
PBS or both glycan ligands (Fig. 5B). The observed inhibitory effects
showed the utility of "°CSian2,3-Lactose displayed on tumor surface for
systemic tumor suppression, and the applicability of Siglec-1 to boost
macrophage-mediated tumor imunotherapy.

In summary, we described the use of Siglec-1 ligand (*“Siaa2,3-
Lactose) incorporated on tumor cell surface via metabolic glycan la-
beling to elicit macropahge-mediated antitumor effects. In vitro analysis
showed that T°CSian2,3-Lactose™ cells effectively recriut macrophages
and induced tumor cell death. In contrast, albeit recruiting NK cells,
Siglec-7 ligand (FITCSiaa2,6-Lactose) did not caused cell death, which is
consistent with inmmunoinhibitory roles of Siglec-7 upon its binding to
tumor cell surface Sia. Immortantly and consistently, obvious tumor
retardation was observed by T¢CSiaa2,3-Lactose that is in vivo conju-
gated to #%Sia*t tumor cells. Differernt to Siglec-7 on NK cells that could
dampen NK cytotoxicty upon its binding to tumor surface Sia, Siglec-1
could promote tumor cell uptake by macropahges and lack the capa-
bility to dampen immunoactivity. These results showed the utility of
Siglec-1 to boost macrophage-mediated tumor imunotherapy and
applicability of metabolically labeled high affinity ligand of Siglec-1 to
trigger antitumor effects.
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