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(57) Abstract: Disclosed herein, are compositions comprising one or more therapeutic agents non- covalently conjugated to a nano -
material (e.g., graphene oxide). Also, described herein, are methods of preparing stable compositions, the methods comprising a
plurality of antibodies non-covalently bound to graphene oxide; physiologically acceptable compositions including them; and meth -
ods of administering the compositions to patients for the treatment of a disease such as cancer and autoimmune disorders as well as

for the prevention of graft rejection.
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A NANOMATERIAL COMPLEX COMPRISING GRAPHENE OXIDE
ASSOCIATED WITH A THERAPEUTIC AGENT AND METHODS OF USE

CROSS REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of the filing dates of U.S. Provisional Application
Nos. 62/242.364, which was filed on October 16, 2015, and 62/315,422, which was filed on
March 30, 2016, The content of these earlier filed applications is hereby incorporated by
reference herein in their entirety.

BACKGROUND

Blood cell cancers include leukemia and lymphomas. Two major types of
lvmphomas are Hodgkin's lvmphoma and non-Hodgkin's lymphoma (NHL). NHL is one of
the most common hematologic malignancies among adults, with most types of NHL affecting
B cells. Current treatments mvolve combining chemotherapy with anti-CD20 antibodies.
Rituximab, for example, is an anti-CD20 monoclonal antibody considered a first-line therapy
for all common B cell malignancics. Rituximab and other monoclonal antibodies are not
cytotoxic, but are rather cytostatic, relving on host immune system mechanisms to attack
target cells, thus, limiting thetr therapeutic efficacy when the host effector functions are
unavatlable or compromised. A significant proportion of patients fail to respond to
freatments containing rituximab or relapse after receiving the treatment,

{Osteosarcoma 18 the most common primary malignant tumor of the bone, affecting
predommantly children and adolescents. The tumor has a propensity for early mvasion and
systemic metastases. Among the new patients diagnosed with osteosarcoma i North
America, 20% will have chinical evidence of metastatic discase. Radical surgical resection
was previgusly the mainstay therapy but was assoctated with a high frequency of recurrence
and poor prognosis because of early metastasis. Although the use of intensive chemotherapy
given before and afier surgery has taproved the survival of the patients with localized tumor,
patients with metastatic disease continue to do very poorly. For patients with non-resettable
metastases, the 2-vear event-free survival rate is only 153% to 20%.

Pancreatic cancer 1s the fourth leading cause of cancer death in the US and western
countries, and one of the most lethal cancers |13} Chemotherapy provides minimal survival
benetit [ 16] and combining epidermal growth factor receptor-(HGFR) targeted therapy with

oy

chemotherapy does not further improve the outcome of chemotherapy {17} Taken together,

currently, no effective therapies for treatment of pancreatic cancer are available after surgery.
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An altemative approach is needed for improving the efficacy of existing therapeutic
agents, mehuding antibodies, for the treatment of a varniety of diseases and/or conditions
including but not mited to blood cell cancers, osteosarcoma, pancreatic cancer, lung cancer,
colon cancer, autoinumune disorders and the prevention of graft rejection.

SUMMARY

Disclosed heremn, are compositions comprising one or more therapeutic agents non-
covalently conjugated to graphene oxide.

Disclosed herein, are compositions comprising one or more antibodics non-covalently
conjugated to graphene oxide.

Disclosed heremn, are compositions for delivery of one or morg antibodies to a ¢ell,
comprising: (a) graphene oxide; and (b} onc or more antibodies non-covalently bound to the
graphene oxide, wherein the non-covalent bindimg induces a conformational change in
graphene oxide.

Bisclosed herein, are kits comprising a composition comprsing graphene oxide and
one or more therapeutic agents, wherein the graphene oxide is non-covalently bound to the
one or more therapeutic agents; and mstructions for using the composition.

Disclosed heren, are kits comprising a composition comprising graphene oxide and
one or more antibodics, wherein the graphene oxide 1s non-covalently bound to the one or
more antibodies; and mstructions for using the composition.

Disclosed herein, are methods of preparing a nanomaterial complex for delivery of a
plurality of antibodics to a cell, the method comprising: (2} preparing the nanomaterial
through a functionalization process, wherein the nanomaterial 1s a graphene oxide sheet; (b)
attaching a plurality of antibody monomers to the graphene oxide sheet, wherein the loading
1s through non-covalent binding; (¢} incubating the plurality of antibody monomers with the
graphenc oxide sheet i a low salt solution; and (d) forming a stable aqueous dispersion of the
nanomaterial complex.

Disclosed herein, are methods of preparing a nanomatenal complex for delivery of a
multivalence of antibodies to a cell, the method comprnising: (a) preparing the nanomaterial
through a functionalization process, wherein the nanomaterial is a graphene oxide sheet; (b)
forming a stable aqueous dispersion of the nanomaterial complex; (¢} attaching antibody
monomers to the graphene oxide sheet for formation of multivalent antibodies, wheremn the
loading is through non-covalent binding; {d) incubating antibody monomers with the

graphene oxide sheet in a low salt solution.
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Disclosed herein, are methods of preparing a nanomatenal complex for deliverv of a
plurality of antibodies to a cell, the method comprising: (a) preparing the nanomaterial
through a functionalization process, wherein the nanomaterial is a graphene oxide sheet; (b}
forming a stable agqueous dispersion of the nanomaterial complex; (¢) attaching a plurality of
antibody monomers to the graphene oxide sheet, wherein the loading is through non-covalent
binding: (d) incubating the plarality of antibody monomers with the graphenc oxide sheetina
low salt solotion; and (d) forming a stable agueous dispersion of the nanomaterial complex,
thereby preparing the nanomaterial complex for delivery of the plurality of antibodies to the
cell.

Other features and advantages of the prosent compositions and methods are iHlustrated
1 the description below, the drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FiGs. 1A-1D show the results of an analysis of the association between rituximab
(RTX)} and graphene oxide (GO} by their UV-Vis spectrum (A) and SD5 Page (B-D). FIG.
1A shows the UV-Vis absorbance curves of free RTX (1000 ug/mly, GO (20 pg/mi), and
RTX non-covalently conjugated to GO (designated RTX/GO; 16007200 pg/ml) are overlaid.
Fiz. 1B is an 5DS PAGE of RTX/GO. RTX of indicated concentration ranging from 200 to
25 pg/ml was loaded i lanes 1 - 4. REFX/GO thoroughly washed with water, 10%, 50% and
normal PBS at room temperature was loaded in lanes 5, 6, 7 and 8. FIG. 1C shows RTX/GO
washed with normal PBS at 37°C for 30 min or overnight (ON), loaded in lanes 4 and 5.

FIG. 1D shows RTX and GO incubated at 37°C overnight with water, 10% and normal PBS;
RTX non-covalently conjugated to GO was isolated from each incubation, and loaded in
lanes 4, 5 and 6, respectively. HC and LC mdicate the heavy and light chain of RTX. Each
experiment was repeated at least three times.

FIGs. 2A-2C dlustrate the staining of Raji cells using flow cytometry and
mmmuncfiuorescence microscopy. FIG. 2A shows Rajt cells stained with free FITC-RTX (10
pg or 100 pg) and FITC- RTX/GO ((5 pg/miy/(Tug/ml)) mixture. FIG. 2B shows CD20-
negative Ewin’s sarcoma {SKES1) cells stamed with FITC-RTX or FITC-RTX/GO. The
cells were analvzed by flow cvtometry. The expertments were repeated at least three times.
FIG. 2C shows Raji cells stained with FITC-RTX and FITC-RTX/GO muxture for 2 hours
(upper panct) or 8 howrs {lower panel} and examined by immunofluorescence microscopy.

FIGs. 3A-3D demonstrate cytotoxicity of RTX/G0. FIG. 3A shows Raji cells

cultured for two days with (from the left to right) PBS control, free RTX at 5 pg/ml,

w3
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RIXAGG (5 pug/lpg/ml) or free RTX at 50 ug/ml. FIG. 3B shows the results of flow
cyvtometry analysis of Raji cell cultures: Rajt cells were cultured with (from the left to right)
PBS control, GO, free RTX or RTX/GO. The upper panel displays FSC by 55C showing
that most cells cultured with PBS, GO and RTX are viable, appearing in the hive cell gates
while the culture with RTX/GO consists mostly of dead cell debris with only few viable cells
left in the live cell gate. The histograms in the lower panel show Amnexin V levels on the
cultured cells. FIG. 3C shows Raji cells cultured overnight with decreasing concentrations of
RTX/GO or RTX plus GO (designated RTX + GO) added separately at mitiation of the
cultare, starting from 12.5 pg/ml (RTX) and 2.5 pg/ml (GO). FIG. 3D shows the number of
viable Raji cells in culture with RTX/GO foliowed over time. The results are representative
of multiple experiments.

FIGs. 4A-4E illustrate the impact of free RTX and RTX/GO on diffuse large B cell
tymphoma cell lines SUDHL-4 (A} and SUDHL-9 (B}, Burkitt lymphoma cell line Daudi
{C), normal B lympbocvies (), and peripheral blood mononuciear cells (PBMCs) from a
patient with chronic lvmphocytic leukemia/tymphoma (CLL) (H). The viable cell numbers
plotted are the average of culture triplicates.

FIGs. 5A-5B depict pathological examination of xenograft metastatic Burkitts
lymphoma in the livers of pGO (pegylated GO), free RTX and RTX/pGO treated NOD-rag”
#y" (NRG) mice. FIG. 5A are gross images of livers from pGO (left), RTX (middle), and
RTX/pGO (right) treated mice. FIG. 5B are microscopic images of the hiver sections from
the above nuice stained with H&E or CD20 as indicated. Experiments were repeated twice,
with three to four mice in each group.

FIGs. 6A-6E tllustrate the therapeutic capacity of RTX/GO invive. FIG. 6A s an
image taken 3 weeks after mixture setup. FIG. 68, using fluorescence microscopy, shows
location of FITC-RTX/GO n the lung and liver. FIG. 60 shows the results of flow
cviometry analysis of the bone marrow from xenograft Burkitt lymphoma-bearing mice
before or atier receiving the indicated treatments. FIG. 6D is a bar graph illustrating Raji cell
number per anit volume of bone marrow of mdicated treatment groups. FIG. 6E are H&E
stained microscopic images {top panch, 4x magnification} showing lymphoma (blue) infilirate
identificd i the tivers of PBS, GO, and RT X-treated mice but not of RTX/GO treated mice.
The lack of lvmphoma in RTX/G0-treated mouse liver was confirmed by staining for CD20

{(bottom panel}.
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FIG. 7 shows gel electrophoresis of DNA 1solated from Raji cells cultured with PBS,
GO, RTX and RTX/GO for 2 days.

FIG. 8 shows the percentage of five Raji celis after overnight culture with RTX/GO,
RTX/GO plus Z-VAD-FMK or latrunculin B (LATB).

FIG. 915 a graph depicting the percentage of live Raji cells in culture with RTX/GO
at different RTX:GO ratios.

FIG. 10 is a graph showing the percentage of live Raj cells coltured with 10% PBS,
GO, RTX and RTX/G0 1o the presence of heat-activated fetal bovine serum (FBS), or with
RTX/GO in the absence of FBS.

FIGs. 11A-C compares the in vifro potency of various covalent and non-covalent
mixtures. FIG. 11A from Sun et al | (2008) Nano Res. 1(3): 203-212) compares the in vifro
potency of free doxorubicin (DOX); DOX non-covalently loaded onto a covalent complex of
Nano-GO and polyethylene glycol (NGO-PEG/DOX): a mixture of DOX, the antibody
Rituximab (Ab), and NGO covalently bound to PEG (NGO-PEG with free DOX and frec
Ab}; and DOX non-covalently loaded onto a covalent complex of NGO, PEG and Ab (NGO-
PEG-AB/DOX). FIG. 11B shows simular in virro studies atter culture with PBS, GO, RTX,
and RTX/GO. FIG. 11C contrasts the potency of the non-covalent complex of RTX/GO with
free RTX and free GO added together.

FIG. 12 1s a graph showing that RTX/GO treatment preserves nommal lymphocyies
compared to RTX plus the chemotherapeatic drugs, gemcitabine and oxaliplatin.

FiGs. 13A-B iHustrate the impact of RTX/GO treatment on survival of mice with Raj
cell tumors. FIG. 13A shows one group of mice that received iv RTX/GO twice a week for
three and half wecks, or once a week for 10 weeks. FIG. 13B shows, in a separate
experiment, Raji cell-grafied mice with transfused human lymphocyes on day 8 and day 10

FIG. 14 shows GO dispersion in human senm.

FIG. 15 shows the results of high performance higuid chromatography (HPLC) of
sonicated/filered GO (sometimes also referred to as sGO).

FIG. 16 shows the UY-Vis spectrum absorbance of free TRA, GO, TRA non-
covalentlv conjugated to GO {designated TRA/GO) and TRA mixed with GO (designated
TRA+GO).

FIG. 17 18 an $DS PAGE quantitation of TRA/GO.

FIG. 18 shows MG63 cells, analvzed by flow cviometry, stained with FITC-TRA at
50 pg/mal, or FITC-TRA/GO (50 ug /10 ug /mi) for 2 hours.
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FiGs. 19A-B show that TRA/GG is cyvtotoxic. FIG. 19A shows that TRA/GO 18
cytotoxic to MG63 cclls. FIG. 19B shows that TRA/GO 1s cytotoxic to HOS cells.
*idicates p<0.03 in companson to PBS, GO and TRA.

FIG. 20 shows that TRA/GO causes non-apoptotic cell death of MG63 celis.

FIG. 21 shows absorbance resulis {usimg CCKS8) of MG63 cells afier overmight culture
with TRA/GO, TRA/GO plus Z-VAD-FME {160 mM) in a bar graph. All the results are
representative of multipie experiments. * p<0.05 PBS overnight vs TRA/GO overnight; #
p<0.05 TRA/GO or OXA against PBS (3 day};; * p<0.03 TRA/GO +ZVAD against PBS (3
day}, & p<0.05 OXA + ZVAD against PBS (3 day).

FIG. 22 shows that PER/GO is cvtotoxic to MG63 cells. * indicates p<0.05 in
comparison to PBS, GO and PER.

FIG. 23 shows the lungs of osteosarcoma-bearing mice before and after the treatment
with TRA or TRA/GO.

FIG. 24 shows microscopic images of subcutancous tumors of TRA and TRA/GO
treated mice.

FIG. 25 shows the nucroscopic images of the lungs of TRA and TRA/GO treated
mice.

FIG. 26 1s a Kaplan-Merce survival curve of the osteosarcoma-bearing mice receiving
the indicated {reatments.

FIG. 27 shows flow cvtometry of BxPC3 cells.

FIG. 28 shows that TRA/GO 18 cvtotoxic to BxPC3 cells, a pancreatic ductal
carcinoma cell line. Flow cvtometry of BxPC3 cells after four hours of culture demonstrates
loss of live cells identified by the LIVE/DEAD cell dves (top row). The bar graphs show
absolute numbers of Iive cells per LIVE/DEAD cell stain (lower left) and percentage of live
cells relative to 10% PBS culture per the CCK-8 Kit assay.

FIG. 29 shows that CTX/GO (CTX non-covalently conjugated to GO) is cytotoxic to
colorectal carcinoma cell lines RKO and DLD1. * mdicates p<0.05 in comparison 1o PBS,
GO and CTX.

FIG. 30 shows the flow cytometry results of long carcinoma cell hines, H1944 and
H1650, cultured overnight with PBS. GO, freec PNT or PNT/GO.

FIG. 31 compares relative tumor volume mn imnunodeficient NSG mice bearing

subcutancous osteosarcoma treated intravenously with PBS, TRA/GO or Kadevia®,
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FIG. 32 shows lymphocyte counts remain unchanged after overnight culture of human
peripheral blood mononuclear cells (PBMC) with PBS or TRA/GO.

FIG. 33 shows that mice treated with a chemo drug phis TRA lost weight while
treatment with TRA/GO showed no change 1o body weight.

FIG. 34 shows Western blot Iyvsates of MG63 cells treated with 10% PBS, TRA, GO,
TRA/GO, GO (50 ug) or GO+TRA using phosphor-tyrosing mouse monocional antibody
{pTyr-100) and glyceraldehvde 3-phosphate dehvdrogenase antibody (GAPDH).

DETAILED DESCRIPTION

The present disclosure can be understood more readily by reference to the following
detailed description of the invention, the figures and the examples included herein.

Before the present comapositions and methods are disclosed and described, i 1s 1o be
understood that they are not limited fo specific synthetic methods unless otherwise specified,
or to particular reagents unless otherwise specified, as sach may, of course, vary. Itis also to
be understood that the terminology used hergin is for the purpose of describing particular
aspects only and is not intended to be huniting. Although any methods and materials similar
or equivalent to those described herein can be used in the practice or testing of the present
invention, example methods and materials are now described.

Muoreover, it is to be understood that unless otherwise expressly stated, it is in no way
intended that anv method set forth herein be construed as requirig that its steps be performed
i a specific order. Accordingly, where a method claim does not actaally recite an order to be
followed by its steps or it is not otherwise specifically stated 1o the claims or descriptions that
the steps are to be lumited to a specific order, it 1s in no way trtended that an order be
wnferred, in any respect. This holds for any possible non-express basis for interpretation,
including matters of logic with respect to arrangement of steps or operational flow, plain
meaning derived from granmumatical organization or punctuation, and the number or type of
aspects described 1n the specification.

All publications mentioned herein are incorporated herem by reference to disclose and
describe the methods and/or matenials in connection with which the publications are cited.
The publications discussed herein are provided solely for their disclosure prior to the filing
date ot the present application. Nothing herein 1s to be construed as an admission that the
present invention is not entitled to antedate such publication by virtue of prior invention.
Further, the dates of publication provided herein can be different from the actual publication

dates, which can require independent confumation.
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DIEFINITIONS

WO

As used in the specification and the appended claims, the singular forms "a,” "an” and
"the" include plural referents unless the context clearly dictates otherwise.

The word "or" as used herein means any one member of a particular list and also
includes any combination of members of that hist.

Ranges can be expressed herein as from "about” or "approximately” one particular
value, and/or to "about” or "approximately"” ancther particular value. When such a range is
expressed, a further aspect includes from the one particular value and/or to the other
particular value. Similarly, when values are expressed as approximations, by use of the
antecedent "about,” or "approximately," it will be understood that the particular value forms a
further aspect. Tt will be further vnderstood that the endpoiuts of cach of the ranges are
significant both in relation to the other endpoint and independently of the other endpomt. It
i3 also understood that there are a number of values disclosed herein and that each value is
also herein disclosed as “about” that particular value in addition to the value iself For
example, if the value "10" is disclosed, then "about 10" is also disclosed. ftis also
understood that each unit between two particular units is also disclosed. For example, if 10
and 15 are disclosed, then 11, 12, 13, and 14 are also disclosed.

As used herein, the torm "subject” refers to the target of admunistration, ¢.g., a human.
Thus the subject of the disclosed methods can be a vertebrate, such as a mammal, a fish, a
bird, a reptile, or an amphibian. The term "subject” also inchudes domesticated amimals {e.g.,
cats, dogs, eto.), livestock {e.g., cattle, horses, pigs, sheep, goats, etc ), and laboratory animals
{c.g., mouse, rabbit, rat, guinea pig, fruit fly, etc.). In one aspect. a subject is a mammal. In
another aspect, a subject 1s a human. The term does not denote a particular age or sex. Thus,
adult, child, adolescent and newborn subjects, as well as fetuses, whether male or female, are
intended to be covered.

As used herein, the torm "patient” refers to a subject aftlicted with a disease or
disorder. The term "patient” includes human and vetennary subjects. In some aspects of the
disclosed methods, the "patient” has been diagnosed with a need for treatment for cancer,

LI

such as, for example, prior to the administering step. The terms "subject.” "individual,” or
"patient” are used herein interchangeably.

As used herein, the term "nanomaterial” refers to a carrier stracture that is
hiocompatible with and sufficiently resistant to chemical and/or physical destruction by the

environment of its use (¢.g., human body, circulatory svstem) such that a sutficient amount of
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the nanomaterial remains substantially intact after delivery and reaches 1ts target {e.g., the
nucleus of a cell or other cellular structure}. Drugs, active agents, therapeutic agents and the
fike can be incubated or mixed with nanomaterials and then subsequently adsorbed or
attached or bonded to the nanomaterial.

As used herein, the term "B cell” refers to a type of immune system cell that
comprises a lymphocyte subset that 1s well-known to be important i the humoral immune
fesponse.

As used heremn, the term "comprising” can include the aspects "consisting of” and
"consisting essentially of "

As used herein, the phrase "supramolecular bonding"” refers to the chemical system
involved i the interactions and the assembly of the components that come togetherina
particular chemical system. The foree involved m the spatial organization of a chemical
system ranges from weak (e g, intermolecular forces, electrostatic, and hvdrogen bonding) to
strong {¢.g.. covalent bonding). Supramolecular bonding includes non-covalent interactions
between molecules mvolving a wide variety of forces including hvdrogen bonding, metal
coordination, hvdrophobic forces, van der Waals forces, pi-pt interactions and electrostatic
effects.

As used herein, the torm "crosslinking"” means the process of joining two or more
molecules together chemically through a covalent bond or other means of attachment.

INTRODUCTION

CD24. Rituximab (RTX) is a chimeric IgG1 monoclonal antibody {(mAb) specific for
the B cell associated antigen CD20 (Weiner et al. Seminars in hematology, 2010, 47(2): p.
113-23). As a first-line therapy, RTX 15 used for treatment of nearly all types of B-cell non-
Hodghin’s lvmphomas (NHL}, mclading follicular lymphoma, mantle cell lvmphoma, diffuse
large-B-cell tymphoma (DLBL} and B-cell chronic tymphocytic levkemia (CLL). Despite
the success with using RTX as a treatment for NHL, major challenges remain with RTX-
based therapy. Only a fraction of patients with low-grade lvmphomas respond to RTX
monoctherapy (Cheson and Leonard, N Engl §J Med, 2008, 359(6):613-26}. As aresult, RTX
has been used n combination with chemotherapy. Although combining RTX with
chemotherapy improves the therapeutic outcome, a substantial proportion of patients still fail
to achieve a complete remission and many relapse (Coiffier, B, et al. Blood, 2010,

116(12):2040-5; and Foa, R, et al., Am J Hematol, 2014, 89(5):480-6).

9
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RTX by itseif'1s not cviotoxic; if 1s incapable of directly killing the target cells, and
only muldly inhibitory to lymphoma cell proliferation in vifre. In the absence of
chemotherapy, RTX depends primarily on the mdireet, host imumune effector functions to kill
target cells, likely mcluding antibodv-dependent cellular evtotoxicity {ADCC), phagocviosis,
and complement-dependent cviotoxicity. Chemotherapy is ofien associated with serious side
ctfects, mehuding hematologic toxicities resulting in cytopenia and chronic depletion of
immune effector cells (Langerbeing, P, etal, Am J Hematol, 2014, 89(12).E239-43},
abrogating the mechanism of action of RTX. These therapeutic barriers can be circuomvented
if RTX and other non-cyiotoxic antibodies or therapeutic agents can become cviotoxic with
the capacity to kill target cells independent of host effector mechanisms or chemotherapy.
HER2 gene amplification [1-3]. Some studies report a correlation between HER2 expression
and poor prognosis for osteosarcoma patients {1, 2, 8] while others did not identify such
conducted using an anti-HERZ antibody, trastuzumab {TRA} in combination with cytotoxic
chemotherapy tor treatment of metastatic HER2-positive osteosarcoma [7]. The result of this
trial showed that TRA plus intensive chemotherapy added no appreciable therapeutic benefit
as compared to chemotherapy alone, and the outcome for all patients was poor, with no
significant difference between the HER2-positive and HERZ-negative groups. Thercfore,
different from breast carcinoma, the anti-HERZ therapy offered no therapeutic bengfit to
patients with osteosarcoma {7}

HERZ 15 a transmembrane receptor of the epidermal growth factor receptor (EGFR)
superfamily, a receptor tyrosine-protein kinase known to play an important role in promoting
growth and metastasis of HER2-positive tumors. HER2 overexpression has been identified
in a large variety of human cancers, including, for example, breast carcinoma, osteosarcoma,
synovial sarcoma, glioblastoma multiforme and carcinoma of the head and neck, stomach,
csophagus, colon, pancreas, lung, endometnum, utering cervix, ovary, unnary bladder, and
retinoblastoma. The anti-HER?2 antibodies, trastuzumab {(TRA} and pertuzumab {PER), are
monoclonal antibodics against HERZ and are FDDA approved for the treatment of HERZ+
metastatic breast cancer, etther in combination with cvtotoxic chemotherapy or as
monotherapy following prior chemotherapy. While TRA or PER treatment has improved the
treatment outcome of HER2+ breast carcinoma, their impact on paticnt survival remains

rather limited. In recent clinical trials, TRA treatment has also been tested for treatment of
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other HER2+ cancers than ot the breast, mcluding osteosarcoma and pancreatic carcinoma.
No therapeutic benefit, however, has been obtained. In an atterpt to improve therapeuatic
capacity of anti-HER?2 antibodies, the anti-Her? antibodies as descnbed herein can be
conjugated with graphene oxade (GO). The present disclosure reports that the non-covalent
conjugation of anti-HER?Z antibodies, TRA or PER, to GO confer divect cviotoxicity to
HERZ2+ malignancies, thereby enabling these antibodies to eradicate metastatic tumor 1n
armumal models. Stmilar results have been obtained with pancreatic carcinoma cells.

Pancreatic adenocarcinomas {17% to 33%) have also been reported to overexpress
HER2 {18-22]. Recent climical trials, however, have found that TRA treatment was
margimally effective against HER? positive pancreatic adenocarcinoma, even when vsed in
anti-HGEFR and HER?2 antibodies suggests a potential therapeutic benefit of such approach for
HER2+ pancreatic adenccarcinoma {231

The majority of pancreatic cancers {85%) are ductal adenocarcinoma, for which the
prognosis 18 extremely poor, making it the most dismal of all the cancers. The American
Cancer Society prognosis tigures show that the five-year survival rate of pancreatic cancer is
undergo carly local invasion and distal metastasis. Only about 15% of patients with
pancreatic cancer are found to be eligible for surgery. Even with patients who receive radical
surgical resection by highly experienced surgeons, only about 20% would survive 5 years,
with a median sarvival of 155 months,

EGFR. Anti-EGFRI (epithelial growth factor receptor) antibodies cetuximab (CTX)
and panitumumab (PNT) have been used in combination with chemotherapy as a standard
therapy for reatment of metastatic colorectal carcinoma harboring wild-tvpe KRAS genes
|

therapeutic benefit with the adjuvant anti-EGFRI antibody treatment 15 rather limited: adding

. Despiie the improvement in patient response, disease control and survival, the

the antibody to the chemo regimen only prolongs the survival for a few months. In addition,
the antibody therapy provides no benefit to paticnts whose tumors have mutated KRAS
genes.

The present disclosure features compositions comprising one or more therapeutic
agents, such as RTX, CTX, PNT, TRA, or PER, non-covalently conjugated to a nanomaterial
{c.g., graphene oxide). As used hergin, the term "RTX/GO" refors to RTX non-covalently

conjugated to grapheme oxide (GO). Smularly, "CTX/GO," "PNT/GO," "TRA/GO," and
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"PER/GO" refer to UTX, PNT, TRA, or PER non-~covalently conjugated to GO, respectively.
For example, disclosed heremn are compositions and methods of generating multivalent RTX
with the capacity to crossfink CD20 using a recently characterized nanomaternial, graphene
oxide. Also, disclosed hercin are compostiions and methods of generating multivalent CTX,
PNT, TRA and PER. The present disclosure, also includes therapeutic agents including
antibodies such as, for example, RTX, CUTX, PNT, TRA, PER, that can be stably and non-
covalently associated {¢.g., bound or conjugated) with GO that are, or can subsequently be
converted to, cytotoxic therapeutic agents capable of killing the tarseted cells, for example,
malignant B cells. As described herein, when therapeutic agents {(¢.g., antibodies) are non-
covalently associated with GO, they can be cytotoxic therapeutic agents capable of killing
targeted cells, for example, malignant B cells. In somce aspects, the cytotoxicity of the
therapeutic agents can be atiributed to GO, the therapeutic agent or both.

COMPOSITIONS

Therapeutic agents. As used herein, the torm "therapeutic agent” refers to any agent
having a therapeutic effect, mcluding toxic agents, such as, for example, chemotherapeutics,
and non-toxic material {e.g., nanomaterial, such as graphene oxide). A therapentic agent can
be a peptide, protein, an antibody, an antibody fragment or a commercially known drug. A
varicty of therapeutic agents including cyiotoxic and cytostatic agents can be incorporated
into the compositions described herein.

In an aspect, the therapeutic agent is a cytostatic agent or non-toxic agent that s
subsequently converted 1o a cytotoxic agent using the methods deseribed below. In an aspect,
the composition described herein can comprisce one or more therapeutic agents non-
covalentlv conjugated to graphene oxide, wherein one or more of the therapeutic agents is
cytostatic prior to its association with graphene oxade.

In some aspects, the compositions comprise one or more therapeutic agents (e.g.,
rituximab, obinutuzumab, blinatumomab, trastuzumab, pertuzumab, cetuximab or
panitumumab), mcluding but not limited {o antibodies or biologically active vanants thereof,
For example, if the therapeutic agent is an antibody, the antibody can be a single chain
antibody (scFv) or a Fab fragment; a human, chimeric or humanized antibody or a
biologically active vanant thereof, and/or can be {or can be denved from} a monoclonal or
polyclonal antibody. The antibody can be a naturally expressed antibody (e.g., a tetrameric

antibody} or a biological varant thereof.
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In some aspects, the therapeutic agent can be a non-naturally occurring antibody {(¢.g.,
a single chain antibody or diabody} or a biologically active variant thercof. As noted above,
the varants include, without bmitation, a fragment of a naturally occurring antibody {(e.g.. a
Fab fragment), a fragment of a scFv or diabody, or a variant of a fetrameric antibody, an
schv, a diabody, or fragments thereof that differ by an addition and/or substitution of one or
more aming actd residues. The antibody can also be further engincered.

In some aspects, the compositions, described herein, comprise one or more
therapeutic agents non-~covalently bound fo a nanomaterial {¢.g. GO), whercin the therapeutic
agent is an antibody that binds B cells or a B lymphocyte antigen (e.g., CD20, CD19, B3,
CD22 or CD38). CD20 is expressed on the surface of all B cells during most phases of B cell
development. CD20 is not expressed on carly pro-B cells or plasma blasts and plasma cells,
while CD19 1s expressed on early pro-B cells and carly plasma cells. CD20 15 a glyeosylated
phosphoprotein, the expression of which 1s activated during pro-B phase with the level of
expression incrgasing during B cell maturation. Flow cytometry as well as
mnnocvtochemistry techniques can be carried out to detect ifs presence on tumors. The
presence of CD20 on B cells can indicate or assist in diagnosing a patient with a disorder or
discase associated with the expression of CD20. Studies have shown that D20 is expressed
on B cell lymphomas, bairy cell leukemia, B cell chronic lymphocytic leukemia, melanoma
cancer stem cells, Hodgkans lvmphoma, moveloma, pancreatic carcinoma and thymoma.
Accordingly, in some embodiments, the therapeutic agent binds CD20. In other aspects, the
therapeutic agent is capable of crosslinking to a target, such as a CD20 antigen. CD19%isa
transmembrane glycoprotein and a member of the imvnunoglobulin superfanuly that is
expressed on the surface of leukemia cells, and more specifically, acute lvmphoblastic
leukemia. Studigs have shown that CD19 1s also expressed on tumor cells with both B-cell
non-Hodgkin's lvinphoma and chronic lvmphocytic leukemia. The presence of CD1%on B
cells can indicate or diagnosc a patient with a disorder or diseasc associated with the
expression of CD19. For example, studies have shown that CD 19 expression is associated
with B cell lymphomas. D22 is a transmembrane protein expressed on acute lymphoblastic
leukemia cells. CII38 is a surface protein that is expressed by most, if not all, multiple
myeloma cells.

In some aspects, the compositions, described herein, comprise one or more
therapeutic agents non-covalently bound to a nanomaterial {e.g., GO), wherein the

therapeutic agent is an antibody that binds to one or more of ErbB family of receptors {also
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referred to as HER fanuly of protem-trvosine kinases). The ErbB lineage is structurally
similar to the epidermal growth factor receptor (EGFR), and includes HER1 (EGFR, EGFR1,
ErbB1), HERZ (New, ErbB2), HER (ErbB3), and HER4 (ErbB4). HER1 and HERZ can be
overexpressed in cancer, and is associated with a negative prognosis. For example, studies
have shown that HER1 is overexpressed n colorectal and lung cancers, while HER2
overexpression is associated with osteosarcoma, pancreatic, breast, testicudar, gastric and
esophageal cancers. Accordingly, in some embodiments, the therapeutic agent binds HER1
In other aspects, the therapeutic agent binds HER2.

In some aspects, the therapeutic agent can be a monoclonal antibody. In an aspect,
the monoclonal antibody targets CB20 or CD19 (i.c.. the therapeutic agent is an anti-LCD20 or
anti-CD19 monoclonal antibody). Examples of ant1-CD20 monoclonal antibodies include but
are not himited to rituximab (also referred to as Rituxan, MabThera and Zytux},
obinutuzumab {also referred to as Gazyva® and Gazyvars), ibntumomab tiuxetan (also
referred to as Zevalin®), tosttumomab (also referred to as Bexxar®), ofatumumab (also
referred to as Genmab® and HuMax-CD20), AME-133v, and IMMU-106 or a biologically
active variant thereof. Examples of anti-CP 19 monoclonal antibodies include blinatumomab
(also referred to as Blineyto® and AMG103), GBR 401, coltpamab ravtansine (also known
as SAR3419), denintuzumab mafodotin {also known as SGN-CDI9A and SGN-19A) and
taphitu-momabpaptox or a biologically active vanant thereof. In an aspect, the monoclonal
antibody targets an ErbB family of receptors {e.g., HERT, HER?). Examples of anti-HER1
monoclonal antibodics include but are not limited to cetuximab {also referred to as
Erbitux®}, and pantumumab (also referred to as ABX-EGF, Vectibix®} or a binlogically
active variant thereof. Examples of anti-HER2 monocional antibodies mmelude but are not
timited to trastuzumab (also referred to as Herclon® and Herceptin®) and pertazumab (also
referred to as 2C4 and Perjeta®) or a biclogically active variant thereof. In an aspect, the
monoclonal antibody targets CD22 or CD3% (i.c, the therapeutic agent can be an anti-CD22
or anti-CD38 monoclonal antibody). An example of anti-CD22 monoclonal antibodics
includes, but is not limited to motuzumab ozogamicin (also referred to ag CMC-544}. An
example of anti-C38 monoclonal antibodies includes, but is not limited to daratumumab
{also referred to as Darzalex®).

In an aspect, the compositions, disclosed herein, comprise one or more therapeutic
agents non-covalently bound to a nanomaterial {¢.g., GO), wherein the therapeutic agent is an

antibody that binds C}3. Examples of anti~CH3 monoclonal antibodics include but are not
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limited to muromonab-CE3 {(also referred to as Orthoclone OKT3®R), otelixizumab (also
referred to as TRX4), tephzumab (also referred to as MGAO031 and hOKT3v1}, and
vigitzumab {also referred 1o as nuvion} or a biologically active vanant thereof.

Examples of antibodics that can be used in the compositions and methods disclosed
herem, include, but are not imited to rituximab, obinutuzumab, ibritumomab tiuxetan,
ofatumumab, AME-133v, IMMU-106, blinatamomab, GBR 401, coltuximab ravtansine,
denimtuzumab mafodotin, taphtu-momabpaptox, cetuximab, panitumumab, trastuzumab,
perfuzumab, inotuzumab ozoganicin, daratumumab, muromonab~CD3, otelixizumab,
teplizumab, and vistizumab or a bislogically active variant thereof.

In some aspects, the one or more therapeutic ageunts {¢.g., one or more antibodies or
One of oS monomers) can be joined together to form a larger molecule or a polvmer of
therapeutic agents (¢.g., a plurality of one or more therapeutic agents, such as one or more
antibody molecules hinked or bound together). In some aspects, the one or more therapeuotic
agents in the form of a polymer can be further non-covalently bound 1o graphene oxide to
form multivalent large molecules {¢.g., multivalent antibodies). In an aspect, nultiple
antibodies in the form of a multimer can be non-covalently bound to graphene oxide to form
multivalent large molecules {e.g., multivalent antibodies).

In an aspect, the one or more therapeutic agents, as described herein, comprises one or
more monomers. For example, the monomer can be an antibody. In an aspect, the one or
more monomers are non-covalently bound to the graphene oxide thereby forming a polvmer
of therapeutic agents.

The therapeutic agent can be an anti-cancer ageunt or andi-tumor agent. The anti-
cancer agent can be a therapeutic, agent or drug that has anti-cancer propertics. Examples of
anti-cancer drugs include but are not limited antiproliferative agents, cvictoxic agents,
IMMUNosUppressive agents, anti-tomor antibodies, or any anti-cancer agent or any derivatives
and/or analogues thereof providing an additional therapeutic benefit. Examples of anti-
cancer antibodies include but are not imited to blinatumomab (Bhincyvto®), brentuximab
{Adcetris®), trastuzumab (Herceptin®), pertuzumab (Perjeta®), cetuximab (Erbitox®), and
panitumumab {(Vectibix®).

In some aspects, the therapeutic agent can be a peptide, protein, an anfibody, an
antibody fragment, a commercially known drug or biological variant thereof that can be used

to treat autoimmunc disorders such as multiple sclerosis, rheumatoid arthritis and systemic
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tupus erythematosis; as well as to prevent or munimize an immune system response due to
transplantation of an organ, tissue or cell.

Also disclosed are cells comprising one or more therapeutic agents {¢.g., an antibody}
non-covalently bound or conjugated to graphene oxide.

Immunomodulators. In some aspects, the compositions disclosed herein can further
comprise one or more immunomodulators. As used herein, the terms "immunomodulator™
and "immune modulating agents” refer to a component {¢.g., a protein, peptide,
pharmacological and/or immunological agent) that modifies (e.g., potentiates) the inunune
gystem response toward a destred immune system response.  An immuonomodulator can also
be an adjuvant. The immunomodulator can be a therapeutic agent that specifically or
nonspecifically augments an immune system response. The immunomodulators described
herein can be provided either alone or in combination with the one or more therapeutic agents
non-covalently conjugated to a nanomaterial. The immunomodulator can be covalently or
non-covalently conjugated to a nanomaterial (c.g., graphene oxide}. Examples of
mownomadulators or immune modulating agents nclude but are not lumited to cytokines,
wnterleukins, chemokines or any protein, peptide, pharmacological or immunological agent
that provides an increase in an imnnine system response. In an aspect, the immnune
modulating ageut 1s a type | interferon such as interferon alpha or mterferon beta. Other
mmune modulating agents melude but are not hmited to anti-CD40 higand antibody, FIt3
higand, CD200, TGFR, PDLI, PDL2, soluble CD83, OX40L, anti-HL-17 antibody, 1L-2, 1L~
10, 1L-12, 1E-19, H.-33, galectin-1, CTLA-4, CD103 and mdoleamine 2 3-dioxygenase.

The immunomodulator can be conjugated to the same graphene oxide sheet as the one
or more therapeutic agents or to a separate and different graphene oxade sheet.

Labels. The compositions as described herein can also include a detectable label. For
example, disclosed herein are molecular probes, comprising a composition comprising ong or
more therapeutic agents non-covalently conjugated to graphene oxide. The phrase "detection
label" as used herein refers to any molecule that can be associated with the compositions
described herem, directly or indirectly, and which results inn a measurable, detectable signal,
cither directly or mdirectly. For instance, the label can be attached to one or more of the
therapeutic agents. In an aspect, a molecular probe comprising a composition described
herein, further comprises a detectable label.

Examples of detectable labels inchide flucrescent, radioactive isotopes, fluorescent

molecules, phosphorescent molecules, enzymes, antibodics, and ligands. Examples of
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fluorescent labels nclude, but are not limited to SYBR Green I (Invitrogen}, fluorescein
isothiocyanate (FITC), 5,6-carboxymethyl fluorescein, Texas red, nitrobenz-2-oxa-1,3-
diazol-4-yvl {NBD}, coumarin, dansyl chloride, rhodamine, amino-methyl coumarm (AMCA),
Eosin, Exrvithrosin, BODIPY®, Cascade Blue®, Urcgon Green®, pyrene, lissamine,
xanthenes, acrnidines, oxazines, phycoervthrin, macrocyclic chelates of lanthanide 1ons such
as quantum dveTM, flucrescent energy transfer dyes, such as thiazole orange-ethidium
heterodimer, and the cyanine dves Cy3, £y3.5, Cv5, Cy5.5 and Cy7. Examples of other
specific fluorescent labels include 3-Hvdroxypyrene 5,8,10-Ta Sulfonic acid, 5-Hydroxy
Tryptamine (3-HT}, Acid Fuchsin, Alizarin Complexon, Alizarin Red, Allophycocyanin,
Aminocoumarin, Aunthrovl Stearate, Astrazon Brilliant Red 4G, Astrazon Orange R, Astrazon
Red 6B, Astrazon Yellow 7 GLL, Atabrine, Auramine, Aurophosphine, Aurophosphine G,
BAQO 9 (Bisaminophenyloxadiazole), BCECY, Berberine Sulphate, Bisbenzamide,
Blancophor FFG Solution, Blancophor 8V, Bodipy F1, Brilliant Sulphoflavin FF, Calcien
Blue, Caleium Green, Calcofluor RW Sclution, Calcofluor White, Calcophor White ABT
Solution, Calcophor White Standard Solution, Carbostyryl, Cascade Yellow, Catecholamine,
Chinacrine, Coriphosphine O, Coumarin-Phalloidin, CY3.1 8, CYS5.1 8, Y7, Dans (1-
hmethyvl Amino Naphaline 5 Sulphonic Acid), Dansa (Diamino Naphtyl Sulphomic Acid),
Dansyl NH-CH3, Diamino Pheoyl Oxvdiazole (DAQ), Dimethyvlamimo-5-Sulphonic acid,
Dipyrrometheneboron Difluoride, Biphenyl Brilhant Flavine 7GFF, Dopamne, Erythrosin
I'TC, Euchrysin, FIF (Formaldehvde Induced Fluorescence), Flazo Orange, Fluo 3,
Fluorescamine, Fura-2, Genacryl Brlliant Red B, Genacryl Brilhant Yellow 10GF, Genacryl
Pink 3G, Genacryl Yellow 5GF, Gloxalic Acid, Granular Blue, Hacmatoporphynn, Indo-1,
Intrawhite Cf Liguid, Leucophor PAF, Leucophor SF, Leucophor WS, Lissanune Rhodamme
B200 (RD2003, Lucifer Yellow CH, Lucifer Yellow VS, Magdala Red, Marina Blue,
Maxilon Britliant Flavin 10 GFF, Maxilon Brilliant Flavin 8 GFF, MPS {(Methyl Green
Pyronine Stithene), Mithramyvcin, NBD Amine, Nitrobenzoxadidole, Noradrenaline, Nuclear
Fast Red, Nuclear Yellow, Nylosan Brilliant Flavin E8G, Oxadiazole, Pacific Blue,
Pararosaniline {Feulgen}, Phorwite AR Solution, Phorwite BKL, Phorwite Rev, Phorwite
RPA, Phosphine 3R, Phthalocyanine, Phyvcoervthrin K, Polvazaindacene Pontochrome Blue
Black, Porphynn, Primuline, Procion Yellow, Pyronine, Pyronine B, Pyrozal Brilliant Flavin
7GE, Quinacrine Mustard, Rhodanune 123, Rhodamine 5 GLD, Rhodamine 6G, Rhodamine
B, Rhodamine B 200, Rhodamine B Extra, Rhodanune BB, Rhodamine BG, Rhodamine WT,

Serotonin, Sevron Brilliant Red 2B, Scvron Brilliant Red 4G, Sevron Brilliant Red B, Sevron

17



(9]

10

30

WO 2017/066583 PCT/US2016/057060

Orange. Sevron Yellow L, SITS (Prmuline), SITS (Sulbene Isothiosulphonic acid), Stilbene,
Snarf 1, sulpho Rhodamine B Can C, Sulpho Rhodamine G Extra, Tetracycline, Thiazine Red
R, Thioflavin 5, Thioflavin TCN, Thioflavin 3, Thiolyte, Thiozol Orange, Tinopol CBS, True
Blue, Ultralite, Uranine B, Uvitex SFC, Xylene Orange, and XRITC. Fluorescent labels can
be obtaned from a varety of commercial sources, including Invitrogen, Carlsbad, CA;
Amersham Pharmacia Biotech, Piscataway, NI, Molecular Probes, Eugene, OR; and
Research Oreanics, Cleveland, Ghio.

Nanomaterial, The nanomatenial disclosed herein generally refers to particles with
diameters or size ranging usually from 0.1 to 220 nm. In some aspects, the nanomaterial can
be a fullerenc {c.g., graphene sheets, quantum dots, nanowires and nanorods). In some
aspects, the nanomaterial 1s graphene. Graphene 1s comprised of a single laver of carbon.
Graphene can be naturally occurring or synthetic. In some aspects, graphene sheets can be
used 1o prepare graphene oxide. Accordingly, in some aspects, the nanomaterial 1s graphene
oxide.

As disclosed herein, the nanomaterial (e.g., graphene oxide} can be functionalized.
For example, the graphene oxade can be processed (e.g., sonication and filtration} in such a
way that the graphene oxide maintains its inherent propertics and reduces precipitation. In
some aspects, somication can be used to break the graphene oxide into small nanoshects that
then can be subsequently filtered (e.g., using a 0.22 um filter). Filtered graphenc oxide is
considered stable, for example, because it does not precipitate in serum. Other methods of
functionalizing nanomaterials can be used and are known to those skilled in the art (for
example, see, Yang et al., Nat Protoc., 2013, 8(12):2392-403).

The term "functionalized” can refer to the addition of a solubilizing material, such as,
for example, a hydrophilic polymer. For example, functionalized can inchide the process of
pegvlation. Therapeutic agents, for example, inclading those containing aromatic rings can
be bonded to the surface of the graphene, grapheme or GO sheets through supramolecular
bonding, and pegvlation. Pegvlation is the process of attaching a polymer {¢.g., polvethylene
glveol (PEG)-amine) to a molecule {¢.g., GO or a therapeutic agent}. This process can lead to
physical and/or chemical property changes mcluding but not limited to conformation, binding
and hydrophobicity. Proceases of pegvlation are known to one skilled in art (for example,
see, Yang et al.| Nat Protoc. 2013 Dec; 8(12):.2392-4033. Further, the advantages of
pegylation are well known and inclade but are not limited to improved solability of a

therapeutic agent, reducing toxicity, increasing bioavatlability, increasing stabiity, reducing
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proteolytic degradation, reducing immunogenicity and enhancing clearance from the body of
a therapeutic agent.

In some aspects, the graphene oxide is pegvlated. For example, graphene sheets {or
graphene oxide) can be further linked to, bonded to or associated with, for instance, a
hydrophilic polyvmer such as PEG using known techmiques to one skilled m the art (for
example, see, Yang ¢t al., Nat Protoc., 2013, §(123:2392-403). In an aspect, the compositions
described herein can further comprise a polymer {e.g., PEG). The polymer can be
bydrophilic. In some aspects, graphenc oxide can be covalently, or through supramolecular
bonding, attached to the hydrophilic polymer (i.¢., polymers contaming polar or charged
function groups rendering them soluble in water). In some aspects, PEG can improve the
solubility of GO. In some aspects, PEG can also improve the stabidity of GO. For example,
polvethviene glveol can be coupled to a phospholipid. In such cases, it can be amine-
terminated, wherein the solubilizing material can have a hyvdrophobic portion and a
hydrophitic portion. PEGs can have different geometries {e. g, multi-amm, branches, stars or
combs). For example, PEG -amine, a two-armed non-branching polvmer with a molecular
weight of 2,000 can be used. Branched hvdrophilic polymers are associated with improving
in vive circulation. Branches can lead to a multivalent complex such that one or more
therapeutic agents (¢.g., multiple or a plurality of antibodies) can be hinked or associated with
a nanomatenial (¢.g.. graphene oxide). For example, PEG or other hydrophilic polymers can
be linked at the opposite end from the amine coupling to attach another agent (o target a
particolar cell type. The addition of PEG can mcrease the solubility and/or stability of GO.
In an aspect, multiple therapeutic agents arc bonded to a nanomaterial. For example, when
multiple therapeutic agents are bonded to a nanomatenal, the therapeutic agents can be the
same, different or a combination of the same and different therapeutic agents. In an aspect,
the compositions disclosed herein can comprise ong or more therapeutic agents non-
covalently bound to a nanomatenial (¢.g.. graphene oxade); and the polymer can be further
conjugated to one or more therapeutic agents, such as one or more immunomodulators. For
example, interferon alpha can be conjugated to a nanomatenial {e.g., GO) along with a
therapeutic agent, such as rituximab.

In some aspects, graphene sheets (or graphene oxude) can be further non-covalently
conjugated to one or more therapeutic agents. Accordingly, in some aspects, the
compositions as disclosed herein comprise one or more therapeutic agents. In an aspect, the

one or more therapeutic agents are non-covalently bound to the graphene oxide forming a
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nanomaterial complex. The formation of a nanomaterial complex can result from an
association of multiple antibody molecules non-covalently bound to individual graphene
sheets {or graphene oxide).

In some aspects of the claimed compositions and methods described berein, GO can
act as a therapeutic agent, an anti-cancer agent, a target for cancer or tumor cells or can
enhance the efficacy of the compositions or other therapeutic agents described herein.

In some aspects of the claimed compositions and methods described herein, GO can
act as a therapeutic agent, an anti-cancer agent, or can enhance the efficacy of the
compositions or other therapeutic agents described herein.

Conjugation. As used herein, the terms "associated." "conjugated,” and "bound” can
be used interchangeably unless otherwise explicitly stated. A feature of the present
disclosure 1s the conjugation of compositions comprising one or more therapeutic agents fo a
nanomaterial {e.g., graphene oxide). A method of conjugating a therapeutic agentto a
nanomaterial can rely on or involve supramolecular chemistry. In some aspects, the
interaction can be between the therapeuntic agent and the nanomaterial rather than within a
single component. In an aspect, the therapeutic agent 1s non-covalently bound (or
conjugated) to the nanomaterial. In an aspect, the non-covalent binding is through pi-
stacking, a hydrophobic interaction, ionic binding or hydrogen binding. "Pi-stacking” as used
herein refers to non-covalent interactions between aromatic rings.

The composition as disclosed herein can also comprise one or more therapeutic agents
that are non-covalently conjugated to graphene oxide thereby resulting in a composition that
ts multivalent. The therapeutic agent:nanomaterial ratic can also be 2:1, 3:1, 4.1, 5:1 or 101
or any other combination thereof. In some aspects, the ratio of the one or more therapeutic
agents to graphene oxide can range between 1250:1t0250:1t025:1t0 11 t0 0.2:1. Inan
aspect, the therapeutic agent and graphene oxide can be present n ratio of 5:1. In some
aspects, the mass ratio of the therapeutic agentnanomaterial 1s 2:1, 3:1, 4:1, 5.1 or 1011, In
some aspects the molar ratio of therapeutic agentnanomatenal 1s 1.1

The present disclosure also features compositions comprising one or more therapeutic
agents such as one or more anti-CD20, anti-CD 19, anti-CD3, anti- CD38, anti-CD22, anti-
HERI1, or anu-HERZ? monoclonal antibodies non~covalently conjugated to a nanomaterial
(e.g., graphene oxide) wherein the composition has increased affinity for its antigen {(¢.g.,
Ch20, CD19, CB3, CD38, CD22) or a receptor {¢.g., HER1, HER?, T-cell receptor). Such

compositions included herein have increased avidity for the antigen {or receptor) for example
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as much as 10-fold or more. The increased avidity of such compositions, for example, non-

covalent conjugation of rituxamab, blinatumomab, cetixamab, panttumumab, trastuzamab or
pertuzumab to graphene oxide, can be due to the multivalent nature of the composition {e.g.,
multiple antibody molecules associated with cach graphene nanosheet).

Ag mentioned above, in some aspects, the compositions can COmprise one or more
therapeutic agents associated with or bound to the nanomatenial {&.g., graphene oxide)
through non-covalent interactions including pi-stacking, hyvdrophobic imteractions, ionic
binding or bvdrogen binding. The compositions described herein can be used to dehiver one
or more therapeutic agents to a patient for the treatment of cancer. Where two or more
different therapeutic agents are non-covalently bound to the nanomaterial, the two or more
different therapeutic agents can be referred 1o as a "first agent,” a "second agent,” a "third
agent,” and so on. Useful therapeutic agent combinations can include, for example,
antibodies that recognize HER? through binding to a different epitope or antibodies that bind
or target two or more different antigens or receptors. In an aspect, a first agent can be
trastuzumab and a sccond agent can be pertuzumab. In another aspect, a first agent can be
trastuzumab and a second agent can be certuwxamab.

METHODS OF DELIVERY OF 4 THERAPEUTIC AGENT 70 A CELL

As used herein, the term "nanomaterial complex” refers to a composition comprising
at least one or more therapeutic agents non-~covalently conjugated to a nanomatenal {e.g.,
graphene oxide). "Nanomaterial complex” also refers to the different variations of the
compositions described herein. In some aspects, the disclosure features a nanomaterial
complex as described above for delivery of one or more therapeutic agents to a cell,
comprising a) a nanomaterial having a sp?-hybridized carbon rings with hydroxyl and
carboxyl groups; and (b} one or more therapeatic agents attached to the surface of the
nanomaterial through supramolecular bonding. In some aspects, the nanomaterial complex is
multivalent. In some aspects, the therapeutic agent can be bound to the nanomaterial through
p1 stacking (i.c., non-covalent interactions between aromatic rings). For example, the
therapeutic agent {¢.g.. antibody} can be non-covalently bound to the nanomaternial, or
adsorbed to it by supramolecular chemistry, such as hydrophobic forces or pi-stacking.

Alternatively, the nanomatenal complex as deseribed herein can be formulated for
delivery of one or more therapeutic agents to a cell, comprising graphene oxide; and one or
more therapeutic agents non-covalently bound to the graphene oxide, wherein the non-

covalent binding induces a conformation change in GO. GO is comprised of thin
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nanomaterial sheets which are comprised of an aromatic monomolecular laver of carbon. In
an aspect, the one or more therapeutic agents are a phlurality of monomers. As described in
the Examples, the non-covalent binding of riteximab, for instance, 1o GO, can induce the GO
sheet to fold up and wrap around the rituxinab molecules. This change results in a stable
relationship between the antibody {e.g., ntuximab, frastuzumab, pertuzumab, cetuximab,
panitumumab} non-covalently associated with GO,

The therapeutic agents o be delivered using the materials described herein can
comprise a fused aromatic ring structure permitting pi-stacking to the aromatic structure of
the nanomaterial.

The nanomaterial complexes as described herein can comprise a hydrophilic polymer
attached to the nanomaterial (c.g., graphene oxide), wherein the attachment is through
supramolecular bonding of a therapeutic agent to the surface of the nanomaterial thereby
forming a stable agueous dispersion of the complex.

In an aspect, the disclosure features methods for delivenng one or more therapeutic
agents to a cell (e.g., on a cell), comprising a nanoparticle complex as described herein, the
method comprising contacting a ccll (or cells) with a nanomatenal complex as descrbed
herein for a sufficient time to permit crosslinking of the specific cell surface molecules {e.g.
CD20 in the instance of rituximab) on the cell. In an aspect, a hvdrophilic polymer is bound
o the nanomaterial; and one or more of the therapeutic agents comprising an aromatic
molecule non-covalently conjugated to the surface of the nanomatenial (¢.g., a graphene sheet
or GO). In some aspects, the nanomaterial complex comprises one or more therapeutic
agents (¢.g., antibodies non-~covalently conjugated to the graphene oxade).

In an aspect, the aromatic nings, charged motif and hydrophobic side chains of the one
or more therapeutic agents can interact with the nanomaterial {e.g., graphene oxide} through
an ionic bond, hydrophobic bond and pi-stacking. Multiple therapeutic agents or a plurality of
antibody monomers can be non-covalently bound to the surface of the nanomaterial {c g, a
graphene sheet or GO).

The therapeutic agent can also serve as a targeting agent. In an aspect, the delivery of
the nanomaterial complex as described herein can be targeted to certain coll types {e.g., cells
expressing CD20 anfigens or specific receptors) by attaching {e.g., conjugating) targeting
agents (e.g., anti-CD20, anti-CD19, anti-CD3, anti-CD22, anti-CD38, anti-HERT or anti-
HER? antibodies) associated with the nanomaterial {e.g., graphene oxide} to the cell surface.

The cells to be contacted can be tumor cells including malignant cells. Further, the
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nanomaterial complex can crosshink CD20 on the malignant B cclls, thereby leading to cell
death.

Described herein are, also cells comprising any one of the compositions described
herein.

The method described herein features therapeutic agents such as, for example,
antibodies having stable association with the nanomatenial at normal pH (g, pH 7.0-74). In
an aspect, the method further comprises the step of contacting the nanomaterial complex with
scrum, wherein the nanomaterial complex has a stable association with the nanomaterial in
the serum.

The method alsc features therapeutic agents {e.g.. antibodies) having an increased
dissociation at low or high pH. In an aspect, the method further comprises the step of
contacting the nanomaterial complex with serum, wherein the nanomaterial complex does not
dissociate m the serum.

The disclosure also features compositions for delivery of one or more therapeutic
agents to a cell, the composition comprising graphene oxide and one or more therapeutic
agents non-covalently conjugated to the graphene oxade. The nanomaterial can be graphene
oxide or a graphene sheet. In an aspect, the non-covalent interaction indaces a
contormational change 1n graphene oxide. Such conformational change can stabilize the non-
covalent association of the one or more therapeutic agents to graphene oxide.

METHODS OF MAKING NANOMATERIAL COMPLEXES

Bisclosed herein are techniques that can be used to produce the nancmateral
complexes described herein.

For example, the nanomaterial complex described herein can generally be produced
by the following steps. First, the nanomaterial {e.g., graphene oxide) can be prepared from
graphene using a modified Hummers method. The nanomaterial can then be sounicated to
break the graphene oxide mnto small nanoshects followed by filtration (¢.g., filtration can be
carried out using a 0.2um filter). Altematively, the nanomaterial complex can be prepared by
carrying out surface functionalization (¢.g., pegylation} or improved oxidation of graphene
{(Marcano, et al., (2010}, ACS Nano 4:4806-4814) as described therein,

The next step can mvolve generating cyiotoxic therapeutic agents or compositions.
For example, static antibodies, such as anti-CD antibodies or other antibodies specifie for the
determinants overexpressed on tumor cells (o g, anti-ErbB antibodies), can be converted o

antibodics that are cytotoxic. For this, one method that can be used is addition of antibody
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valences. For example, one or more therapeutic agents {¢.g., antibodies) are attached to
individual GO nanosheets (GO) to form a polvmer of therapeutic agents non-covalently
conjugated to GO. More specifically, the polymers of therapeutic agents can be made by
loading multiple antibody monomers to graphene oxide nanosheets. The loading can be
performed through non-covalent interaction between the antibody molecules and graphene
oxide. For instance, the graphens oxide can be incubated with the therapeutic agent (e.g.,
rituximab, blinatomomab, trastuzomab, pertuzumab, cetuximab, panttumumab} in water or
10% phosphate buffered saline PBS (contaming 0.09% Na(Cl) at 37°C under constant
agitation for a period of time ranging from an hour to overnight. Stable binding between the
antibody and the graphene oxide can be achieved by incubating the antibody with the
graphenc oxide in water or in a low salt solution (10% phosphate buffered saline PBS). Such
stable binding between the antibody and GO can prohibit the antibody from being washed
away from GO. The binding between the antibody and the graphene oxide that 18 formed in
physiclogical salt concentration can be unstable and washed from GO. The loading of the
antibody to graphene oxide does not impair the antibody (e.g., tuximab, blinatomomab,
trastuzumab, pertuzumab, cetuximab, panitumumab) binding capacity to the specific antigen
(e.g., CD20, CD19, CB3, D38, CD22) or receptor {e.g., HERI, HERZ, T-cell receptor).In
some aspects, the present disclosure features a method of preparing a nanomaterial complex
for delivery of a plurality of antibodies to a cell, the method comprismg: (3} preparing the
nanomaterial through a functionalization process, wherein the nanomaterial is a sonicated,
pegvlated or super-oxidized graphene oxide sheet; (b} attaching a plurality of antibody
monomers 1o the graphene oxide sheet, wherein the loading is through non-covalent binding;
{c} incubating the antibody monomers with the graphene oxide sheet in a low salt solution;
and (d} forming a stable aqueous dispersion of the nanomatenial complex. In an aspect,
antibody monomers can be mixed with the grapheme oxtde sheet in buffered low salt
solution. The non-covalent binding can be through pi-stacking or other tvpes of non-covalent
interactions as described herein. In an aspect, the antibody monomers can be incubated with
the graphene oxide sheet in a low salt solution at 37°C under constant agitation. In an aspect,
the low salt concentration is 10% PBS {(containing 0.09% Na(l}. In some aspects, the
antibody to graphene oxide are present in a mass ratio of 5:1.

The design and delivery of the nanomaterial complexes described herein should take
into account the biocompatibifity of the nanomaterial. The physical parameters of a

nanomaterial can be optimized, with the desired effect governing the choice of size, shape
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and material. The nanomaterial can also be used as a delivery vehicle and can serve as a
scaffold.

The nanomaterial complexes can be prepared 1n varicus forms for drug delivery. For
instance, the nanomaterial complexes can be prepared as a stable aqueous dispersion, and/or
in umit dosage form. In an aspect, methods for prepanng a nanomatenal complex for delivery
of a small molecule active agent onto a cell, where one first prepares nanomaternial n a
suitable form, ¢.g., in dispersed form suitable for in vive administration, is disciosed. The
materials described herein can exist in dispersed form as opposed to aggregates, which can
form i the preparation of hydrophobic nanomaternial.

In some aspects, graphene can be prepared as single atom-thick molecular sheets.
The sheets can be controlied mn width and length and can be less than 100 om, 20 nm or less
than 10 nm on a side. And, mn all cases a size surtable for in vive admimstration. Methods of
preparing nanomaterials, such as, for example, graphene oxide, are known to one skilled
the art {(for example, see, Long Zhang et al., (2009) Carbon 2009, 47:3365-3368).

Methods for stably loading a therapeutic agent {¢.z., rituximab, blinatumomab,
trastuzumab, pertuzumab, cetuximab, panitumumab) onto graphene oxide are disclosed
herein {also, see ¢.g., Examples 1 and 73, The method can comprise the steps of incobating a
therapeutic agent with graphene oxide in a 10% phosphate buffered saline solution for a time
period ranging from an hour to ovemight.

Antibodies. As noted above, the nanomaterial complexes as disclosed herein, can
include an antibody or a biologically active variant thereof. As is well known in the art.
monoclonal antibodics can be made by recombinant DNA. DNA encoding monoclonal
anfibodies can be readily 1solated and sequenced using conventional procedures {e.g., by
using oligonucleotide probes that are capable of binding specifically to genes encoding the
heavy and light chains of murnne antibodies). Libraries of antibodies or active antibody
fragments can also be generated and screened using phage display technigues.

In vitro methods are also suitable for preparing mounovalent anfibodies. As it s well
known in the art, somg types of antibody fragments can be produced through enzymatic
treatment of a full-length antibody. Digestion of anttbodies to produce fragments thereof,
particularly, Fab fragments, can be accomplished using routine techniques known in the art.
For instance, digestion can be performed using papain. Papain digestion of antibodics
typically produces two identical antigen binding fragments, called Fab fragments, cach with a

single antigen binding site, and a residual Fe fragment. Pepsin treatment vields a fragment
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that has two antigen combining sites and is stil capable of cross-linking an antigen.
Antibodies incorporated into the present composition can be generated by digestion with
these enzymes or produced by other methods.

The fragments, whether attached to other sequences or not, can also include
insertions, deletions, substitutions, or other selecied moditications of particular regions or
spectfic amino acids residues, provided the activity of the antibody or antibody fragment is
not significantly altered or impaired compared to the non-modified antibody or antibody
fragment. These modifications can provide for some additional property, such as to
remove/add amino acids capable of disulfide bonding, to increase its bio-longevity, to alter its
secretory characteristics, etc. In any case, the antibody or antibody fragment must possess a
bioactive property, such as specific binding to its cognate antigen. Functional or active
regions of the antibody or antibody fragment can be identified by mutagenesis of a specific
region of the protein, followed by expression and testing of the expressed polypeptide. Such
methods are readily apparent to a skilled practitioner in the art and can include site-specific
muiagenesis of the nucleic acid encoding the antibody or antibody fragment.

As used herein, the term "antibody" or "antibodies” can also refer to a human
antibody and/or a humanized antibody. Many non-human antibodies {¢.g., those derived
from mice, rats, or rabbits} arc naturally antigenic in humans, and thus can give risc to
undesirable immune responses when administered to humans, Therefore, the use of human
or humanized anttbodies 1n the methods serves to lessen the chance that an antibody
administered to a human will evoke an andesirable immune response.

Antibody humanization technigues generallv jnvolve the use of recombinant DNA
technology to manipulate the DNA sequence encoding one or more polypeptide chains of an
antibody molecule. Accordingly, a humanized form of a non-human antibody {or a fragment
thereof} is a chimeric antibody or antibody chain {or a fragment thereof, such as an Fv, Fab,
Fab', or other antigen binding portion of an antibody} which contains a portion of an antigen
binding site trom a non-human (donor} antibody integrated mnto the framework of a human
{recipient} antibody.

The Fv region is a minimal fragment containing a complete antigen-recognition and
binding site consisting of one heavy chain and one light chain variable domam. The three
CDRs of cach vanable domain interact to defing an antigen-binding site on the surface of the
Vh-Vi dimer. Collectively, the six CDRs confer antigen-binding specificity to the antibody.

As well known o the art, a "single-chamm” antibody or "scFv" fragiment 1s a single chain Fv
& y L) e
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variant formed when the Vh and V1 domains of an antibody are included in a single
polypeptide chain that recognizes and binds an antigen. Typically, simgle-chain antibodics
include a polypeptide linker between the Vh and Vi domains that enables the scFv to form a
destred three-dimensional structure for antigen binding.

To generate a humanized antibody, residues from one or more complementarity
determining regions (CDRs) of a recipient (human) antibody molecule are replaced by
residucs from one or more CDRs of a donor {non-human} antibody molecule that is knowa to
have desired antigen binding characteristics (¢.g., a certain level of specificity and affinity for
the target antigen). In some mstances, Fv framework (FR) residacs of the human antibody
are replaced by corresponding non-human residues. Humanized antibodies can also contain
residuecs which arc found neither n the recipient antibody nor in the imported CDR or
framework sequences. Generally, a humanized antibody has one or more amino acid residucs
mntroduced into it from a source which is non-human, In practice, humanized antibodies are
typically human antibodies in which some CDR residues and possibly some FR residues are
substituted by residues from analogous sttes in rodent antibodies. Humanized antibodics
generally contain at feast a portion of an antibody constant region {Fc), typically that of a
human antibody.

Methods for humanizing non-buman antibodies arc well known in the art. For
example, humanized antibodies can be generated by substituting rodent CDRs or CDR
sequences for the corresponding sequences of a human antibody. Methods that can be used
to produce humanized antibodies are also well known 1n the art.

Configurations. Hach part of a given nanomaterial complex described herein,
including the therapeutic agent, polyvmer and nanomaterial, can be selected independently.
One of ordinary skill 1n the art would understand that the component parts need to be

associated in a compatible manner. The nanomaterial complexes disclosed herein can be

disease or disorder or to prevent or reduce symptoms of graft rejection. The therapeutic agent
can be comprised of one or morg therapeutic agents {¢.g.. antibodies). For instance, a
nanomaterial complex having multiple therapeutic agents and/or a detectable label and/or an
immunomodulator and thus, can comprise a "first agent,” and a "second agent” and so on.
The composttions described herein can be a combination therapy for a disease (eg., a
cancer). Thus, the nanomaterial complex as disclosed herein can debiver two or more

different therapeutic agents {or one type of therapeutic agent combined with a detectable
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tabel) or two or more molecules of the same therapeutic agent, that can also mclude a
detectable label and/or an immunomodulator. With the inclusion of a detectable label, the
nanomaterial complex as described herein can also be used to map the distnbution of targets
to which any of the therapeutics can bind. The number of therapeutic molecules per
nanomaterial can vary depending on the type of nanomatenial selected.

Accordingly, in some aspects, the therapeutic agent can be two or more. In some
embodiments, the therapeutic agent and nanomatenial are present in a ratio {€.2., a mass ratio)
of 1.1 (therapeutic agent:nanomaicrial). The therapeutic agentnanomaterial ratio (¢.g., a
mass ratio} can also be 2:1, 3:1, 4:1 or 5:1 or any other combination thereof. For example,
the therapeutic agentnanomaterial ratio can range between 1250110 250:1 10 25: 1t 1l to
0.2:1. The ratio may also vary with therapeutic agents or individual antibodics.

In some aspects, the nanomatenal complex comprises one or more therapeutic agents
non-covalently bound to the nanomaterial. The nanomaterial complex can further comprise a
polymer such as PEG covalently conjugated to the nanomaterial. Io an aspect, the
nanomaterial can be functionalized using PEG or super-oxidation.

In addition, the therapeutic agent can also act as a targeting agent and a therapeutic
agent or possess one or more therapeutic properties.

Conformarional chonge. 1o aon aspeet, the conjugation of onc or more therapeutic
agents {e.g., rituximab, blinatumomab, trastuzumab, pertuzumab, cetuximab, panitumumab)
to a nanomatertal {¢.g., graphene oxide) can involve non-covalent conpugation. Such non-
covalent conpugation can be attributed to the conversion of a cytostatic therapeutic agent
{c.g., onc that inhibits cell growth) to a cvtotoxic therapeutic agent {¢.g., one that kills cells).
The killing of cells can be one of a number of mechanisms, mcluding apoptosis and non-
apoptotic mechanisms. Accordingly, the nanomatenial complexes described herein can kil
the malignant cells {e.g., lvmphoma, cancer) without requiring the use of other cvictoxic
medicines such as doxorubicin or other cytotoxic chemotherapeutics. Carrying out the
methods of treatment as described above, it 1s possible to kill cancer cells while minimizing
cviotoxic side effects that can lead to or are associated with life-threatening infections.
Further, by converting a cvtostatic therapeutic agent to a cviotoxic therapeutic agent that is
also cell specific can have the additional advantage of preserving the immune svstem.

In some aspects, the conformational change in the association of the therapeutic agent
and nanomaterial can be irreversible. Even in such cases, the therapeutic agent remains

active and capable of binding to 1is target and producing an offect.
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The methods disclosed herein related to the process of producing the compositions
comprising one or more therapeutic agents non-covalently conjugated to a nanomaterial and
nanomaterial complexes as described herein can be readily modified to produce a
phamaceuticallv acceptable dispersion. Pharmaceutical compositions including such
dispersions and methods of administering them are accordingly within the scope of the

present disclosure.

As disclosed herein, are pharmaceutical compositions, comprising the composition
described herein {e.g., one or more therapeutic agents non-covalently conjugated to a
nanomatenal) and a pharmaceutical acceptable carrier. In some aspects, the therapeutic agent
is an anti-cancer agent such as an anti-CD20 monoclonal antibody and the pharmaceutical
composition 1s formulated for intravenous administration. In some aspects, the therapeutic
agent 1s an anti-cancer agent such as an anti-HERT or an anti-HERZ monoclonal antibody and
the pharmaceutical composition 1s formulated for intravenous administration. In some
aspects, the therapeutic agent is an anti-cancer agent such as an anti-CD 19 monoclonal
antibody and the pharmaceutical composition is tormulated for intravenous adounistration.

In some aspects, the therapeutic agent 1s an immunosuppressant agent such as an anti-CD3
monoclonal antibody and the pharmaccutical compaosttion is formulated for intravenous
administration. In some aspects, the therapeutic agent is an immunosuppressant agent such as
an anti-T antibody and the pharmaceutical composition s formulated for intravenous
adminustration. In some aspects, the compositions disclosed herein can further comprise an
tmmunomodulator. In some aspects, the composttions disclosed herein can be admmistered
alone or n combination with an immunomodulator also associated with the nanomaternial. In
such aspects, the compositions disclosed herein and the immunomodulator can be
administered as one or more pharmaceutical compositions, and if separately, can be
adnunistered simultancously or scquentially in anv order. The composttions of the present
disclosure can also contain a therapeutically effective amount of a composition comprising
ong or more therapeutic agents non-covalently conjugated to a nanomaterial as described
herein. The compositions can be formulated for administration by anv of a variety of routes
of administration, and can include one or more physiologically acceptable excipients, which
can vary depending on the route of administration. As used herein, the term "excipient”
means any compound or substance, inchuding those that can also be referred to as "carriers”

or "diluends." Preparing pharmaccutical and physiologically acceptable compositions is
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considered routine in the art, and thus, one of ordinary skill in the art can consult numerous
authorities for guidance if neceded.

The pharmaceutical compositions as disclosed heremn can be prepared for parenteral
adnunistration. Pharmaceutical compositions prepared for parenteral administration inciude
those prepared for intravenous (or intra-arterial), intramuscular, subcutancous,
ntraperitoneal, transmucosal {¢.g., intranasal, intravaginal, or rectal}, or transdermal (e.g.,
topical) admunstration. In an aspect, the compositions described herein can be formulated
for an udratunor injection or injections into body cavitics including but not limited to the
peritoneal cavity or pleural cavity or any other cavity or region of the body that is involved or
contains a tumor. Aeroso! inhalation can also be used to deliver the compositions described
herein. Thus, compositions can be prepared for parenteral administration that includes the
therapeutic agent conjugated to a nanomatenial dissolved or suspended m an acceptable
carrier, including but not Iimited to an agueous carrier, such as water, buffered water, saline,
buffered saline (e.g.. PBS), and the like. One or more of the excipients inchuded can help
approximate physiological conditions, such as pH adjusting and buffering agents, tonicity
adjusting agents, wetting agents, detergents, and the Iike. Where the compositions mclude a
solid component {(as they may for oral administration}, one or more of the excipients can act
as a binder or filler (¢.g., for the formulation of a tablet, a capsule, and the hike). Where the
compositions are tormulated for application to the skin or to a mucosal surface, one or more
of the excipients can be a solvent or enmudsifier for the formulation of a cream, an ointment,
and the like.

The pharmaceutical compositions can be stertle and sterilized by conventional
sterilization technigues or sterile filtered. Aqueous solutions can be packaged for use as is, or
tvophilized, the lvophilized preparation, which is encompassed by the present disclosure, can
be combimed with a sterile aqueous carrier prior to administration. The pH of the
pharmaceutical compositions typically will be between 3 and 11 {e.z., between about 5 and 9)
or between 6 and 8 {¢.g., between about 7 and 8). The resulting compositions in solid form
can be packaged in multiple single dose units, each containing a fixed amount of the above-
mentioned agent or agents, such as in a scaled package of tablets or capsules. The
composition in solid form can also be packaged in a contamer for a flexable quantity, such as

in a squeezable tube designed for a topically applicable cream or ointment.
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METHODS OF TREATMENT

Disclosed herein, are methods of treating a patient with cancer, the method
comprising: {a} identifving a patient in need of treatment; and (b} administering to the patient
a therapeutically effective amount of the pharmaceutical compaosition comprising a
therapeutic agent non-covalently bound to a nanomatenal, and (¢) a pharmaceutically
acceptable carmer.

The pharmaceutical compositions described above can be formulated to include a
therapeutically effective amount of a composition comprising a therapeutic agent non-

covalently bound to a nanomatenial (e g.

=

graphene oxide). Therapeutic admmistration can
encompass prophylactic applications. Based on genetic testing and other prognostic methods,
a physician in consultation with their patient can choose a prophviactic administration where
the patient has a chinically determined predisposition or increased susceptibility (in some
cases, a greatly increased susceptibility) to a tvpe of cancer, avtommune discase or disorder
or rejection of transplanted organ, tissue or cell,

In an aspect, the pharmaceutical comapositions disclosed herein comprise one or more
therapeutic agents wherein the therapeutic agent 1s an anti-CD20 monoclonal antibody.
Examples of anti-CD20 monoclonal antibodies include but not limited to ofatumumab,
rituximab, tositumomab, obinutuzumab, ibritumomab or a biologically active variant thereof.
In an aspect, the anti~CD20 monocional antibody s rituximab. In some aspects, the
pharmaceutical compositions can further comprise a therapeutically effective amount of an
immunomodulator.

In an aspect, the pharmaceutical comapositions disclosed herein comprise one or more
therapeutic agents wherein the therapeutic agent 1s an anti-CD 1Y monoclonal antibody.
Examples of anti-CD 19 monoclonal antibodies include but not limited to blinatumomab {also
referred to as Blincyvio® and AMG103), GBR 401, coltuximab ravtansing {also known as
SAR3419), denintuzumab mafodotin (also known as SGN-CD19A and SGN-19A) and
taphtu-momabpaptox or a biologically active variant thereof. In an aspect, the anti-CD19
monoclonal antibody is blinatomomab. In some aspects, the pharmaceustical compositions
can further comprise a therapeutically effective amount of ap immunomodulator.

In an aspect, the pharmaceutical compositions disclosed herein comprise one or more
therapeutic agents wherein the therapeutic agent is an anti-HERT monoclonal antibody.
Examples of anti-HER1 monoclonal antibodies include but are not limited to cetuximab {also

referred to as Erbitux®), and panitumumab (also referred to as ABX-EGF, Vectibix®) or a
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biologically active vanant thereof.  In an aspect, the anti-HER1 monoclonal antibody is
cetuximab and/or panttumumab. In some aspects, the pharmaceutical compositions can
further comprise a therapeutically effective amount of an immunomodulator.

In an aspect, the pharmaceutical compositions disclosed hercin comprise onc or more
therapeutic agents wherein the therapeutic agent 1s an anti-HERZ monoclonal antibody.
Examples of anti-HER2 monoclonal antibodies include but are not imited to trastuzumab
{(also referred to as Herclon® and Herceptin®) and pertuzomab (also referred to as 204 and
Pereta®) or a biologically active variant thereof. In an aspect, the anti-HER2 monoclonal
antibody is trastuzumab and/or pertuzizmab. In some aspects, the pharmaceatical
compositions can further comprise a therapeutically effective amount of an
mmunomodulator.

In an aspect, the pharmaceutical compositions disclosed herein comprise one or more
therapeutic agents wherein the therapeutic agent is an anti-CD3 monoclonal antibody.
Examples of anti-CE¥3 monoclonal antibodies include but are not limited to muromonab-CB3
{(also referred to as Orthoclone OKT3®), otelixizomab (also referred to as TRX4), teplizumab
{(also referred to as MGAO3 1 and hOKT3v1), and visilzumab {(also referred to as nuvion) or a
biclogically active variant thereof. In an aspect, the anti-CD3 monoclonal antibody is
muromonab-Ch3, otclixizumab, teplizomab and/or visilzumab. fn some aspects, the
pharmaceutical compositions can further comprise a therapeutically effective amount of an
mmunomodulator.

In an aspect, the pharmaceutical compositions disclosed herein comprise one or more
therapeutic agents wherein the therapeutic agent is a horse- or rabbit-derived antibodv. In an
aspect, the horse- or rabbit-derived antibody is against human T cells. An example of a
horse- or rabbit-derived antibody 1s anti-thymocvte globolin or a biologically active variant
thereof. In an aspect, the horse- or rabbit-derived antibody 1s anti-thymocyte globulin. In
some aspects, the pharmaceutical compositions can further comprise a therapeutically
ctfective amount of an immumomodulator.

The pharmaceutical compositions described herein can be administered to the subject
{c.g., a human patient) in an amount sufficient to delay, reduce, or preferably prevent the
onset of climical disease. Accordingly, n some aspects, the patient i1s a human patient. In

therapeutic applications, composttions are administered to a subject {e.g.

ot

a human patient)
already with or diagnosed with cancer in an amount sufficient to at least partially improve a

sign or symptom or to inhibit the progression of (and preferably arrest) the symptoms of the
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condition, its complications, and consequences. An amount adequate to accomplish thus 1s
defined as a "therapeutically effective amount.” A therapeutically effective amount of a
pharmaceutical composition can be an amount that achieves a cure, but that cutcome is only
one among several that can be achicved. As noted, a therapeutically effect amount includes
amounts that provide a treatment n which the onset or progression of the cancer is delayed,
hindered, or prevented, or the cancer or a symptom of the cancer is ameliorated. Ong or more
of the symptoms can be less severe. Recovery can be accelerated in an individual who has
been treated.

In some aspects, the cancer 1s a primary, secondary, refractory or relapsing tumor. In
other aspects, the primary, secondary, refractory or relapsing tumor is a blood celf tumor. In
another aspect, the cancer is associated with the expression of a B lyvmphocyte associated
antigen {e.g., CD20, CD19). In an aspect, the primary, secondary, refractory or relapsing
tumor i3 a lymphoma. In an aspect, the primary, secondary, refractory or relapsing tumoris a
sarcoma. The sarcoma can be osteosarcoma. In an aspect, the cancer is associated with the
expression {(or overexpression) of HERZ. In another aspect, the primary, secondary,
refractory or relapsing tumor is a carcinoma. The carcinoma can be pancreatic carcinoma.

In an aspect, the pancreatic carcinoma can be pancreatic adenocarcinoma or pancreatic ductal
carcinoma. The carcinoma can also be lung, colon, gastroesophageal, head or neck cancer.
In an aspect the cancer is associated with the expression {or overexpression) of HER1.

Disclosed heremn, are methods of treating a patient with cancer. The cancer can be
any cancer. In some agpects, the cancer affects the blood, bone marrow, lymph or lymphatic
gystern. Tumors of the blood can also affect the circulatory svstenm and/or the immune
system. Blood cancers can also be referred to as liquid cancers and can affect red blood cells,
white blood cells or a combination of both. Cancers of the blood can also be called
hematological malignancies and can be further classified as leukemias, tvmphomas and
myelomas. Examples of leukenuias include acute lvmphoblastic leukenua, acute
myvelogenous leukemua, chronic lvmphocytic leukemia, chronic myclogenous leukemia and
acute monocytic leukemia. Examples of lvmphomas include Hodgkin's lymphoma and non-
Hodgkins lymphomas. Classical Hodgkin lvmphoma can be further classified into the
following subtypes: nodular sclerosing Hodgkin lymphoma, nuxed-celhulanty, lymphocyte-
rich or lymphoeytic predominance and lymphocyte depleted. Nodular lvmphocyte
predominant Hodgkin's lymphoma may express {5206, Non-Hodgkn fymphomas include all

subtvpes of tymphoma except Hodgkin's lvmphoma. Hodgkin lvmphoma cells express
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CD30. B cell non-Hodgkin lymphomas express CD20. Examples of B cell non-Hodgkin
tymphomas mclade B-cell chronic lvmphocytic leukenmia/small lymphocytic lymphoma, B-
cell prolymphocytic leukemia, lymphoplasmacytic lymphoma, splenic marginal zone B-oell
lvmphoma (+ villous lvmphocytes), hairy cell leukemia, plasma cell mycloma/plasmacyioma,
extranodal marginal zone B-cell lyvmphoma of the MALT type, nodal marginal zone B-cell
tvmphoma (& monocytoid B cells}, follicudar lymphoma, mantle cell lymphoma, marginal
zone cell lvmphoma, diffuse large B-cell lvmphomas (including mediastinal large B-cell
tvmphoma and primary cffusion lymphoma) and Burkitt lvmphoma. o an aspect, the blood
cell tumor 1s lvmphoma. In an aspect, the lvmphoma is a non-Hodgkin's lvmphoma.

The methods disclosed herein can alsc be applied fo other diseases or disorders. Inan
aspect, the methods described herem can be used to treat avtoinumune disorders (e.g.,
rheumatoid arthnitis, svstemic lupus eryvthematosis, myasthenia gravis, and multiple
sclerosis); or to prevent graft rejection (Lo, minimize the immune svstem response 1o
transplantation of one or morg tissues, organs or cells} and/or treat or prevent the signs and
symjptoms associated with graft rejection.

Disclosed herein, are methods of treating a patient to prevent or minimize or reduce
transplant (e.g., graft) rejection {¢.g., acute rejection). In an aspect, the transplant can be an
allogeneic renal, heart or liver transplant. In an aspect, the transplant can be protected or the
signs and sympioms associated with graft rejection can be reduced by targeting CB3
receptors present on T cells. Binding of a therapeutic agent {e.g., antibody} to the CD3
receptor expressed on the T cell can block T cell activities and/or prevent apoptosis of the T
cells, thus, leading to protection of the transplant. In an aspect, CD3 receptor antibodics
include but are not Himited to muromonab-CD3, otelixizumab, tephizumab and visilzumab. In
an aspect, the transplant can be protected or the signs and symptoms associated with graft
rejection can be further reduced by administering anti-thvmocyie globulin {e.g., horse- or
rabbit-derived antibodics against human T cells).

The methods of treatment disclosed herein can also include a step of kithing a specific
cell type {e.g., a B cell expressing CD20, a B cell expressing CD19, a coll expressing HERT,
or a cell expressing HER2). The methods of treatment can further include a step of
contacting a cell with the compositions and/or nanocomplexes described herem.

Int an aspect, the methods of treatment disclosed herein can also include the
adwmunistration of a therapeutically effective amount of radiation therapy, immunatherapy,

chemotherapy, stem cclf transplantation or a combination thereof,
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Therapeutically effective amounts can be determined empinically by one skilled m the
art. Single or multiple administrations of the pharmaceutical compositions disclosed herein
can be carned out with dosage levels and the timing pattern determined by the treating
physician. Amounts effective for the uses described above can depend on the seventy of the
cancer {or other disease or other condition such as grafi transplantation) and the weight and
general state and health of the subject, but generally range from about, for example, for
cituximab, 0.0375 - 375 mg/m”. of an equivalent amount of the composition comprising a
therapeutic agent conjugated to a nanomaterial per dose per subject. Suitable regimes for
mnitial administration and booster administrations are typificd by an initial admunistration
followed by repeated doses at ong or more hourly, daily, weekly, or monthly mmtervals by a
subsequent administration. For example, a subject can receive a therapeutic agent {e.g.,
rituximab) conjugated to a nanomaterial in the range of about 0.0375 - 375 mg/m’” or
cquivalent dose as compared to unbound or free therapeatic agent(s) per dose one or more
umes per week {e.g., 2. 3, 4, 5, 6, or 7 or more times per week) for four to & weeks. For
example, a subject may receive a dose of rituximab ranging from about 0.0375 — 375 mg/m’
{e.g., 375 mg/m®, 37.5 mg/m’, 3.75 mg/m’, 0.375 mg/m’, 0.0375 mg/m’) dose per week, A
subject can also receive a therapeutic agent {e.g., nituximab} conjugated to a nanomatenal m
the range of 0.0375 — 375 mg/m” per dose once every two or three weeks. An effective dose
of trastuzumab can range from about, for example, 2 mg/kg to 6 mg/kg, of an equivalent
amount of the composition comprising a trastuzumab conjugated to a nanomaterial per dose
per subject. A subject may receive a weekly dose of trastuzumab conjugated to a

nanomaterial of about 4 mg/kg

L)

generally administered intravenously over a 90 minute period
of time the first week of treatment, followed by a dose of 2 mg/kg over 30 minutes every
week thereafter for 12 to 18 weeks. One week following the last weekly dose of trastuzumab,
& mg/kg can be infused over 30 to 90 minutes every week for three weeks. An effective dose
of pertuzumab can range trom about, for example, 420 mg to 840 mg, of an equivalent
amount of the composition comprising a periuzumab conjugated to a nanomaterial per dose
per subject. For example, a subject may receive an initial dose of 840 mg infused
intravenously over a 60 minute time period, followed by 420 mg mtused intravenously over
30 to 60 minutes every three weeks. An effective dose of cetwamab can range from about,
for example, 250 mg/m” to 400 mg/m’, of an equivalent amount of the composition
comprising cetuximab conjugated to a nanomaterial. A subject may receive an initial doge of

400 mg/m” of cetuximab infused intravenously over a 2 hour time period, followed by 250
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mg/ m” of cetuximab infused intravenously weekly thereafter. An effective dose of
panitumumab can range from about for example, 6 mg/kg to 1 g/kg, of an equivalent amount
of the composition comprising paniturmimab conjugated to a nanomaierial. A subject, for
cxaraple, can receive about 6 1ag/kg to 1 g/kg infused intravenousty over 60 to 90 nunutes
gvery two weeks.

The therapeutically effective dose of the disclosed compositions can be admunistered
asing any medically acceptable mode of admunistration. One of ordinary skill in the art can
contemplate any of the modes of administration known. For example, the compositions
described herein can be administered according to the recommended mode of adminstration
listed on the package insert of a commercially available agent. The dose of a composition
described herein can comprise 9.01 mg to about 2.5 g/ke/day or equivalent dose. The dosage
of a compositions described herein can be measured in any appropriate unit including but not
limited to mg/kg, g/kg, mCi, mg/m” or at a fixed dose.

For exaraple, a subject can recetve a composition as described herein i the range of
about 0.3 mg to 2,000 mg or equivalent dose as compared to unbound or free therapeutic
agent(s} per dose one or more times per week {¢.g., 2, 3, 4, 3, 6, or 7 or more times per week)
for four to 8 weeks or longer. The treatment regimen can be carried out in mudtiple steps or
1 cycles, and/or according to the attending physician and/or the package msert of a
commercially available therapeutic agent.

The total effective amount of a therapeutic agent conjugated to a nanomaterial in the
pharmaceutical compositions disclosed herein can be administered to a mammal as a single
dose, cither as a bolus or by infusion over a relatively short period of time, or can be
administered using a fractionated treatment protocol in which multiple doses are adnunistered
over a more prolonged period of time {e.g., a dose every 4-6, §-12, 14-16, or 18-24 hours, or
gvery 2-4 days, 1-2 weeks, or once a month; sometimes referred to as cycle). Alternatively,
continuous intravenous mfusions sufficient to maintam therapeutically effective
concentrations in the blood are also within the scope of the present disclosure.

The therapeutically effective amount of one or more of the therapeutic agents present
within the compositions described herein and used in the methods as disclosed herein apphied
to mammals (¢.g., humans) can be determined by one of ordinary skill n the art with
consideration of mdividual differences in age, weight, and other general conditions {as
mentioned above). Because the therapeutic agent{s) non-covalently conjugated to a

nanomaterial of the present disclosure can be stable in serum and the bloodstream and in
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some cases more specitic, the dosage of these compositions including any individual
component can be fower {or higher) than an effective dose of any of the mdividual
components when unbound (Le., free). Accordingly, in some aspects, the therapeutic ageunt
adnunistered has increased efficacy, increased avidity or reduced side offects when
adminisiered non-covalently conjugated to a nanomaterial as compared to when the

therapeutic agent {¢.g.

g., anti-cancer agent) is administered alone or not conjugated to a
nanomaterial.

Kirs

The kits can mchude a composition comprising a nanomaterial (e.g., graphene oxide)
and one or more therapeutic agents, wherein the nanomaterial {¢ g., graphene oxide) is non-
covalently bound to the one or more therapeutic agents; and suitable mstructions {¢.g., written
and/or audio-, visual-, or audiovisual material). In an aspect, the composition is in the
presence of a low salt sohution. The composition can further compnse a pharmaceutically
acceptable carrier. In an aspect, the kit includes a pharmaceutical composition as descnibed
herein that 1s packaged together with instructions for use. The kits can also include one or
more of the tollowing: diluents, sterile fluid, syringes, a sterile container, gloves, vials or
other containers, pipettes, needles and the like.

EXAMPLES

Example 1; Rituximab can be stably loaded onto graphene oxide,

Graphene oxide (GO} consists of sp2-hybridized carbon rings with hvdroxyl and
carboxy! groups and thus has the potential to interact with antibody molecules through pi-
stacking and hydrophobic interactions as well as hydrogen and ionic bonds.

GO dispersion (Sigma) was sonicated with a probe sonic dismembrator (Fisher
Scientitic; Model 550} for 120 minutes at amplitude 3.5 and filtered through 2 0.2 um filter.
To non-covalently conjugate nhxamab (RTX) with GO, 0.2 mg sonicated GO and 1 mg RTX
were nuxed in 1 mi 10% PBS, PBS, or water, and incubated at 37 °C for one to 12 hours
under constant agitation. The incubated non-covalently conjugated nuxture, designate
RTX/GO, was used for staining, cell culture or i vivo experiments. To determing the
amount of RTX non-covalently bound to GO, GO was precipitated from the mixture by
centrifugation, boiled in dithiothreitol-containing loading buffer and subjected to 12%
polvacrylamide gel electrophoresis (PAGE).

To determing whether RTX can be effectively loaded onto GO through non-covalent

interactions, RTX was incubated with GO in buffered saline at low salt concentration (10%
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PBS at 37°C) overnight. RTX/G0 mieractions were monitored using UV-Vis spectra. Free
RTX absorption peaked at 280 nm whereas free GO absorbed across a broad spectrum,
peaking at 230 nma (Fig. 1A}, as previously reported (Huang, B, et al. Theranostics, 2011, 1
p. 240-50). The mixture of RTX and GO (e.g., RTX/GO} gave risc to an absorption spectrum
similar to that of free GO but with substantially enhanced magnitude, suggesting RTX 1s non-
covalently conjugated to GO.

To examine the stability of RTX/GO and determine the amount of RTX stably and
non-covalently conjugated to GO, GO was isolated from the RTX/GO dispersion by
centrifugation, thoroughly washed at room temperature with water, 10%, 50% and normal
PBS. and examied by SDS page for the amount of RTX non-covalently conjugated to GO.
Compared to the known amount of RTX loaded in paraliel in the gel, the amount of RTX
non-covalently conjugated to GO can be estimated. Approxamately 100 ug RTX remained
non-covalently bound to 20 pg of GO (ratio of 5 to 1) after the GO underwent washing under
all of these conditions (Fig. 1B). Washing was also carried out with normal PBS at 37°C for
30 munutes or overnight (18 hours} and a substantial (about 80%) amount of RTX remained
non-covalently bound to GO even after overnight washing {(Fig. 1), When undiluted
(normal 0.9% NaCl) PBS was used as incubation butfer, there was a significant (about 70%)
reduction mn the amount of RTX stably and non-covalently bound to GO as compared to
when water or 10% PBS was used as an incubation buffer (Fig. 1D}

These resuits demonstrate that the overnight mcubation of RTX with GO n low salt
concentrations at 37°C results in stable, non-covalently conjugated RTX to GO whereas
physiological salt concentrations do not support stable non-covalent conjugation of RTX o
(GO, Despite that normeal sal concentrations disfavor stable binding between RTX and GO, it
can no longer dissociate RTX from GO that is already non~covalently bound to GO under the
low salt conditions (water or 10% PBS). These findings suggest that the non-covalently
binding of RTX to GO ander low salt condition mduced conformational changes in GQO.
These conformational changes are not reversible even m normal salt concentrations, and thus
prevent RTX/GO dissociation. The stable non-covalent binding between RTX and GO
mmplicates that stability of RTX/GO in vivo where the salt concentration is normal {0.9%

NaCl).
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Example 2: GO-non-covalently bound to RTX remains reactive with CD20 and
induces CD20 capping.

To test whether the stochastic non-covalent binding of RTX to GO during the loading
reaction blocks the antigen-binding sttes of RTX, such that GO/RTX is no longer reactive
with CD20, the following set of experiments were carried out. To examine this possibility,
FITC-conjugated RTX and GO were mixed at a Sto 1 weight ratio {e.2., 5 ug of RTX and 1

¢ of GO)in 10% PBS and incubated overnight. The non-covalent mixture {designated
RIX/GO)Y was used to stamn Raji cells, a CD20-positive Burkiit’s tvmphoma cell ine for flow
cytometry analysis (Fig. 2A). Free FITX-RTX was used as a control. GO/RTX-FITC not
only stained Raji cells positively but alsc gave rise to much brighter (about 100 times)
staining as compared to free RTX-FITC (Fig. 2A). The staining by RTX/GO was CD20
specific because RTX/GO did not stain a CD20™* Ewing sarcoma cell line, SKES1 (Fig. 2B}

Given that the affinity of RTX is the same, the substantially enhanced CD20 staining
by RTX-FITC/GO suggests that the RTX non-covalently conjugated to GO has higher avidity
compared to free RTX. As avidity is a function of accurmnulated strength of multiple affinitics
of multivalent antibodies, the enhanced binding capacity of FITC-RTX/GO suggests that
RTX non-covalently conjugated to GO is multivalent. To assess the mulktivalency, the
stained cells were examined by immunofluorescence microscopy. Two hours after staining,
umiform membranous fluorescence was visualized on Raji cells stained with free RTX-FITC
(Fig. 2C). In contrast, coarse flucrescent aggregates were identified at ong pole of the cells
on the GO/RTX-FITC stained Raji cells, which is consistent with CD20 capping (Fig. 2C).
Eight hours post staming, GO/RTX-FITC stamned Rapi cells were brought together forming
clumps, consistent with homotypic aggregation {Fig. 2C), whereas free RTX-FITC stamed
cells remained as single cells with uniform membranous fluorescence (Fig. 2C). No
intraccular fluorescence was detected in the stamed cells even 16 hours post staming (not
shown}, indicating that the D20 caps were not endocytosed. Since capping is the result of
crosstinking of the ligands by multivalent antibodies, this result ndicates that the RTX/G0 is
owitivalent.

Example 3: RTX non-covalently conjugated to GO is cytotoxic to malignant B
cells.

Given the previous reports that crosshinking D20 causes B cell death, the finding of
CD20 capping by RTX/GO (see above) raised the possibility that RTX/GO might be

cvtotoxic to CD20+ cells. To this end, Raji cells were cultured overnight with RTX/GO at 5
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ug/mi, PBS, fiee RTX at 5 or 30 pg/mi, or GO as controls. The cells cultured with free RTX
at 5 or 50 pg/ml underwent robust proliferation, though at a slightly slower rate compared to
the PBS controls, whereas the cells cultured with RTX/GO showed no evidence of
proliferation on microscopic examination (Fig. 3A). Flow cvtometry showed that the cultures
with RTX/GO contamed primanly necrotic cell debris, with only rare viable cells (Fig. 2B).
RTX/GO was further tested in Rap cell culture, and showed almost complets loss of live Rap
cells, as determined by the LIVE/DEAD cell stain or S8C on flow cytometry (Fig. 3B, upper
pancl), indicating that RTX/GO kills Raji cells. fn contrast, Raji cells in culture with PBS,
RTX or GO continued to proliferate (Fig. 3D). To examine the nature of the cell death, the
cultures were stained with the apoptotic marker Annexin V (Fig. 3B, lower panel}. As
expected, most cells cultured with PBS, GO, and RTX were viable and Annexin V negative.
Unexpectedly, however, was the finding that a small percentage (12%) of cells in the
RTX/GO culture were Annexin V positive despite the fact that the culture contained
primarily necrotic coll debris. DNA electrophoresis revealed no apoptotic BDNA
fragmentation (Fig. 7). Apoptosis positive control DNA was isolated from mouse
thymocytes that were cultured in plane medium for two days. These results indicated that
cell death mduaced by RTX/GO was not through apoptosis. In line with this, the pan-caspase
mhibitor Z-V AD-FMK did not signiticantly alleviate RTX/GO-mduced Raji celi death (Fig.
83, confirmung a caspase independent mechanism for the cell death. As capping of surface
molecules requires reorganization of the actin network, an actin polymerization inhibitor,
latrunculin B (LatB). was tested for its effect on RTX/GO-mediated cytotoxicity. LaiB
completely abrogated RTX/GO-mduced Raji cell death (Fig. 8), indicating that the cell death
wmvolves an actin-dependent mechanism. Taken together, these results demonstrate that
RTX/GQO 15 eytotoxic to Rapt cells. Free RTX is only mildly inhibitory, even at high
concentrations, consistent with previous reports {Li, B, et al. Blood, 2009, 11424} p. 5007-
i5).

To examine the potency of RTX/GO, Raji cells were culture with decreasing
concentrations of RTX/GO, starting at 12.5 pug/ml. RTX/GO eliminated Raji cells effectively
cven at very low concentrations {0.195 ug/mb). GO by 1tself exhibited an inhtbitory offect on
Rayt cell proliferation when present at high concentrations, consistent with the previous
reports that GO can cause dose-dependent oxidative stress in cells and induce a shight loss of
cell viability at high concentrations (Seabra, A B., et al. Chemical research in toxicology,

2014, 2712 p. 159-68). The potent cytotoxicity of RTX/GO, however, was not directly
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related to the mhibitorv/toxic effect of GO, because at low concentrations (0.078 pg/ml and
lower) when GO 15 no longer inhibitory, RTX/GO at similar concentrations (0.25/0.078
tg/ml and lower) remained extremely cvitotoxic and killed Raji cclis (Fig. 3C). Adding high
concentrations of free RTX (> 12.5 pg/ml and 2.5 ug/ml, respectively) along with free GO to
the culture at the time of culture set-up also mduced Raji cell death to a mild degree. This s
most likely results from low levels of RTX/GO formed by the presence of high
concentrations RTX and GO in the culture. At low concentrations (0.25 and 0.078 ug/ml or
lower), however, the onsite addition of free RTX and free GO showed no cviotoxicity or
inhibitory effect (Fig. 3C). The lack of eviotoxic effect of the onsite addition of low
concentrations of free RTX and free GO indicates that the mere simultaneous presence of
RTX and GO 1 the culture is insufficient to generate cytotoxicity, but rather association of
RTX with GO (¢.g.. non-covalent conjugation of RTX to GO} 1s required for Raji cell killing.
To further investigate, a fixed concentration of GO was mixed with different concentrations
of RTX generating RTX/GO with different RTX to GO ratios for Raji cell culture. Al of the
RIX/GO mixtures killed Raji cells to various degrees, but the most efficient killing occurred
at a RTX to GO mass ratio of 5 to 1 (Fig. 9), corresponding to the GO binding capacity of
RTX described above (Fig. 1), RTX at high concentrations diminished the killing capacity of
RTX/GO, most likely because the presence of excessive free RTX was competing with
RTX/GO to bind to CD20. These results further indicate that the potent cytotoxicity of
RTX/GO results from RTX/GO-mediated CD20 crosshinking.

The highly potent cytotoxicity of RTX/G0 mplicates a fast killing process. To
exanune the speed of killing, the number of remaining viable Raji cells in culture with
RIX/GO was followed at various time points in culture. Rapid loss of viable cells was
noticed as carly as 3 hoors post culture. By 6 hours, the majority of Raji cells were already
killed and became cell debris, with continuing loss of viable cells over ime (Fig. 3D},
demonstrating that RTX/GO kills at extremely fast rate. The fetal-calf serom used to
supplement the culture media was heat~-mactivated and theretore should not contamn
complement activity. To completely exclude the role of complements in the cell death,
scrum-free medium was used in culture with RTX/GO. RTX/GO killed Raji cells m the
absence of serum with similar potency (Fig. 10). RTX/AG0/ was also tested on two other
tyvmphoma cell hnes, SUDHL-4 and HUDHL-9, which are derived from high grade diffuse
large B cell iymphoma, BDLBCL. SUDHL. SUDHL-9, Daud:, normal B lvmphocytes and
PBMCs from a CLL patient were cultured for one day with 10% PBS, GO, RTX or RTX/GO.
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Consistent with previous reports that SUDHL-~4 1s sensitive to RTX (Kobayash, H., et al.
Cancer Med, 2013, 2(2): p. 130-43), RTX substantially mhibited SUDHL-4 proliferation
oven at low concentration (Fig. 4A). Nevertheless, no significant killing of SUDHL-4 cells
was obtained with RTX even at high concentrations (up to 200 pg/ml). RTX/GO, however,
continued to kill SUDHL-4 cells at very low concentrations. SUDHL-9 celis were less
sensitive to RTX inhibition but nevertheless were killed by RTXAGO even at very low
concentrations {0.2 yug/ml} (Fig. 4B). RTX/GO was also tested on another Burkitt lymphoma
cell ine Daudt (Fig. 40), normal B cells (Fig. 4D), and primary lvmphoma cclis from a
patient with chronic vmphocytic leukennia (CLL; Fig. 4E), and the results showed that
RTX/GO potently killed all the cell types tested. These results demonstrate that while free
RTX is only mhibitory, RTX/GO is highly cvtotoxic with the capacity to rapidly kall CB320-
positive target cells at very low concentrations independent of complement or ADCC.

Example 4: RTX/pGO and RTX/GO, but not free RTX, rapidly eliminates
metastatic Burkitts lymphoma in a xenograft mouse model,

To study the ability of RTX/GO and RTX/pGO to eliminate lvmophoma in vive, a
xenotransplant Burkitts lvmphoma mouse model was deployed using immunodeficient
NODrag ™ (NRG) mice. The NRG mice lack T, B and NK cells and also have defoctive
macrophages (O'Brien, B.A, et al. Diabetes, 2002, 51(8): p. 2481-8), and are, therefore,
deficient of the host effector cells that free RTX relics on to eliminate the targeted cells.
Systemic lymphoma was established by intravenously (iv) transplanting Raji cells mto NRG
mice. As shown in a previous study, dissemuinated Burkitts lvmphoma developed in this
mouse model predominantly involves the extranodal sites, especially the liver (Chao, MP ., ¢
al. Blood, 2011, 118(18): p. 4890-901). Pegvlated GO (pGO) was svnthesized and used to
load RTX to generate RTX/pGO mixtures for iv injection. Eight days after Ragi cell
transplantation, the mice were treated daily with v administration of etther pGO, RTX or
RTXpGO. After four treatments, the mice were sacrificed for pathological exanunation.

Marked hepatomegaly was identified m the livers of all the pGO as well as RTX-
treated mice, though the organomegaly was mulder in the RTX-treated group (Fig. 3A). The
hepatomegaly was the result of disseninated lymphoma that was readily visible on the
surfaces and sections of the livers on gross examination. In contrast, the hivers of the
RTX/pGO-treated mice appeared to be of normal size, completely free of gross lymphoma

esions. Consistent with gross examination, numerous lymphoma infiltrates were identified

i the H&E stained liver sections of all the pGO- and free RTX-treated mice (Fig. 58).
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Immunohistochemical stain for CD20 confirmed that the infiltrates consisted of CD20-
positive cells, with smaller timor barden in the liver of free RTX -treated mice as compared
to the pGO-treated mice (Fig. 5). The reduction in tumor burden in the free RTX-treated
mice may result from a combination of the inhibitory effect of RTX as well as RTX-induced
complement-mediated cyvtotoxicity that eliminates some lvmphoma cells. Despite the
antitamor activity of free RTX, however, the lvmphomas m the free RTX-treated mice
appeared to continue growing, as brisk mitotic figures were present in the infiltrating
tvmphoma cells 1n the biver (Fig. 58). In contrast, no evident lymphoma infiitrates were
identificd in the hiver of pGO/RTX -treated mice on cither H&E stained sections or by CD20-
positive staining. Under bigh magnification of microscopic examination, rare degenerated
ceHular aggregates were identificd, consistent with dead Raji cells.

Additional experiments show the therapeutic effects of RTX/GO (without pegylation)
invivo. As other studies reported limited stability and biodistribution of GO due its size, GO
used in this experiment was sonigated and filtered through 2 0.22 um filter. Before
sonication, GO could not pass through 0.22 um filters, but it readily passed through after
sonication. Non-sonicated or sonicated and filtered GO was mixed with human serum (10
ng/mi). Non-sonicated GO precipitated within four hours while sonicated and filtered GO
remained in dispersion mdefinitely. Sonicated GO remained n dispersion indefinitely m
serum while the non-sonicated GO precipitated within 4 hours (Fig. 6A). RTX/G0O made of
cither non-sonicated or sonicated and filtered GO with RTX-FITC was injected mto NRG
mice iv and organs were sampled 2 hours after injection. After iv injection, RTX/G0 made of
non-sonicated GO was almost completely trapped within the vasculature of the ung,
undetectable in the hung tissue or distant organs such as liver (Fig. 6B). In contrast, RTX/GO
made of sonicated GO was almost completely detected 1n lung and liver tissue without mtra-
vascitlar retention. Eight days post Raji cell transplantation, lymphoma were readily
identified in the bone marrow (Fig. 6C-E), and the mice were then treated with v PBS, GO,
RTX, or RTX/GO every two to 3 days for 3 times. Raji cells are identified as mouse CD45™®
and human HLA-DR™ cells. Pathological examination was performed 3 days afier the fast
treatment. Extensive lvmophoma was identified in the bone marrows and livers of all the PBS,
GO and RTX-treated mice but none of the RTX/GO~treated mice (Fig. 6C-D).

These findings confirm the in vitro results showing that RTX/pGO or RTX/GO are
directly eytotoxic to lvmphoma cells, and also demonsirate that RTX/pGO or RTX/G0 has a

capacity to diffuse out of the blood circulation, penectrate through the tissue to reach target
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cells and rapidly eliminate established lymphomas in the absence of host effector
mechanisms, while free RTX fails to do so.

Example 5: Effects of covalent and non-covalent conjugation of a therapeutic
agent to graphene oxide on lymphoma cells.

The effects of the antibody RTX conjugated either covalently or non-covalently to
graphene oxide were compared. As noted above, the Examples described heremn demonstrate
that non-covalently-bonded RTXV/GO (e g., RTX/GO) is cyictoxic to lymphoma cells i the
absence of a drug or drugs classified as cviotoxic. Thus, based on the studies disclosed
herein, RTX non-covalently conjugated to GO serves a dual role: guiding the delivery of a
therapeutic agent and killing target cells (e.g.. lymphoma cells}. In a previously published
study {(Sun et al. (20083 Nano Res. 1(3}: 203-212), doxorubicin (D0OX) was non-covalently
loaded onto a covalent construct of GO, PEG, and the antibody RTX (¢ g., GO-PEG-
Ab/DOX; Ab=RTX} that targets B cells. In this orientation, GO 1s ased to non-covalently
carry DOX, a eviotoxic drug, and covalently carry (through PEG) the antibody (RTX), In
contrast and as described herein, GO can also be used as a scaffold for non-covalent
association of multiple RTX molecules on individual GO molecules to generate RTX/GO.
Below, GO covalently conjugated to RTX is compared to GO non-covalently conjugated to
RTX. The results show that RTX/GO (i.¢.. RTX non-covalently conjugated to GO) has
several advantages over the covalently bound GO to RTX.

First, RTX/GO (non-covalent conjugation) is more potent in vifre compared to GO-
PEG-RTX/BDOX (covalent conjugation). For comparison, Raji cells {a B-cell lvmphoma ling)
were cultured ovemight with 10% PBS, GO (2 ug/ml), free RTX (10 pg/ml) or RTX/GO (10
ng/2 pug/mb) and analyzed by flow cytometry. Live versus dead cells were identified by the
LIVE/DEAD cell dyes and the percentages of live cells relative to mput cells of each
treatment arc shown in Fig. 11B). Raji cells were cultured overnight with decreasing
concentrations of RTX/GO (bottom line, triangles) or free RTX plus free GO (RTX + GO,
diagonal Iine, upside down tnangles) added to the culture at imitiation of culture. The starting
concentration for free RTX and free GO was 12.5 ug/ml and 2.5 ug/ml respectively {(Fig.
11C). The results using the covalent conjugation orientation show that GO-PEG-Ab/DOX s
limited to mhibiting lvmphoma (Rayi) cell growth, even at lugh concentration (10 pM) of the
cytotoxic drug DOX (Fig. 11A; (Sun et al. (2008) Nano Res. 1{3): 203-212}), suggesting that
using GO-PEG-AWDOX (covalent conjugation) may be limited to slowing lymphoma

progression in the treatment of patients. In contrast, exposure to RTX/GO (non-covalent
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conjugation) resulted in almost completely killed Rapi cells in culture, even at low RTX/GO
concentrations (Fig. 11B-(), suggesting that RTX non-covalently conjugated to GO is better
at killing lymphoma cells, and that the administration of RTX/GO has the potential to cure
lymphomas.

Second, RTX/GO 15 effective at killing target lymphoma cells with rapid kinetics,
thus, eliminating the majority of lymphoma cells in culture by 30 minutes. It 13 well known
that chemotherapeutic drugs kill lymphoma cells with slow kinetics such that no significant
cell death is detectable until day 3 of culture. Given that the treatment regimen, GO-PEG-
Ab/DOX, relics on the chemotherapeutic agent, DOX, to kill lymphoma cells, the killing
kinetics may also be slow. Relving on slow kiliing kinetics may significantly impair the in
vive therapeutic capacity of GO-PEG-AB/DOX, as the half-life of GO-PEG-AL/DOX 1o the
serum is expected to be shorter compared to free RTX and free DOX. At thus time, there is
no data available with respect (o the in vivo therapeutic efficacy of GO-PEG-AL/DOX since
the results reported in Sun et al. {2008) Nano Res. (3} 203-212 are limited to in vivo studies.

Third, the cvtotoxicity exerted by RTX non-covalently bound to GO to cells is
specific. RTX/GO kills CD20+ lymphoma cells, but does not affect T-cells involved in
cellular immunity (Fig. 12}, Lymphoma-bearing mice received human allogeneic
lvmphocytes and were treated with RTX/GO or RTX plus the chemotherapeutic drugs
gemeitabine (Gem) and oxaliplatin (Ox) once every 2 days for 4 days. Human CD8 T cells in
peripheral blood were enumerated one wecek afier the last treatment. As treatments such as
GO-PEG-AB/DOX rely on chemotherapeutic drugs to attack lyvmphoma cells, these
troatments, thus, may also attack immune system cells, thereby resulting in other non-specific
effects. While chemotherapeutic drugs, such as DOX, may be concentrated at the lvmphoma
site(s) as a result of targeted delivery by GO-PEG-AB/DOX (when 1n this case, the antibody
used was RTX), the high concentration of such chemotherapeutic drugs may also make the
lvmphoma-infiltrating lvmphocyvics, composed mostly of tumor-specific T cells, particularly
vulnerable to drug toxicity, thus, compromising antitumor immunity.

Fourth, RTX/GO has the capacity to eliminate fymphoma iz vive. The resulis
described herein demonstrate that short periods (c.g., one to 3 weeks) of therapy in
tymphoma-bearmg mice adoministered mmtravenous RTX/GO result in rapid elimination of
lymphoma and protection of the mice from death (Fig. 5, 6 & 13A). The short period of
therapy may be associated with late lymphoma relapse (Fig. 13A); however, extended periods

(c.g., 10 weeks} of therapy results in indefinite remission, and may be curative (Fig. 13A).
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For these experiments, groups of mice were given the mdicated treatment intravenously (iv}
every 3 days for 21 days.

In the presence of transfused human lymphocytes, a mintmum of two RTX/GO
treatments prevenied a relapse while lymphoma progressed in other treatment groups (Fig.
138}, demonstrating enhanced therapeutic efficacy of RTX/GO i the presence of
tvmphocytes. The human lymphocytes also caused xenogeneie graft-versus-host disease
{(GVHD} in the mice. Notably, associating IFNa with RTX/GO prevented GVHD, resulting
in indefinite survival of the mice (Fig. 13B).

Example 6: The size of graphene oxide.

The size of GO as made by a modified Hummers method varies. GO in its original
form is unstable and precipitates rapidly in hwman scrum (Fig. 14, left). To increase the
stability of GO, GO was diluted to 1 mg/ml with 10% PBS and sonicated with a probe
sonicator (Sonic Bismembrator, Fisher Scientific; Model 550) for 120 minuies at an
amplitude of 4, followed by filtration through a 0. 224um filter. Sonicated/filtered GO (GO
remained in dispersion m human serum indefinitely (Fig. 14, nght), mdicating a substantial
enhancement i stability.

High performance liquid chromatography (HPLC) was used to measure molecular
weight of GO (Fig. 15). HPLC reveals that sGO 1s remarkably uniform in size with an
catimated molecular weight of approximately 30 kDa, as compared to the reference
molecules of known molecular weight (Fig. 13). Therefore, the molecuolar weight of sGO s
about 1/5 of the molecular weight of trastuzomab (TRA, 148 kB3).

Example 7: Trastuzumab {TRA) can stably be associated with GO through non-
covalent bonds.

Consisting of sp2-hvbridized carbon rings with hydroxyl and carboxyl groups, GO
has the potential to non-covalently interact with antibody molecules through a-stacking,
hydrophobic interactions, as well as with hydrogen and ionic bounds [, 9}

To determune whether TRA and GO can stably associate with each other through non-
covalent bonds, vigorously sonicated and 0.22um-filtered GO (Fig. 16) was mixed with TRA
in 10% PBS, and incubated at 37°C overmight under constant agitation. On UV-Vis
spectroscopy, free TRA absorption peaked at 280 nm, whereas free GO had a broad
absorption spectnum peaking at 230 nm as previously reported [18]. The pre-incubated
mixture of TRA and GO {referred to as TRA/GO} gave rise to an absorption spectrum similar

to that of free GO but with substantially increased magnitude (Fig. 16), showing TRA is non-
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covalently conjugated to GO. When TRA and GO were mixed (TRA+GO) at the time of
measurement, the magnitude of the absorbance was smaller compared to that of the pre-
incubated mixture of TRA and GO {(TRA/GO). This demonstrates that the stronger the hight
absorption, the stronger the association between TRA and GO.

To guantitate the stoichiometric association between TRA and GO, TRA/GO muxture
was made with TRA at 1000 pg/mi and GO at 50 pg/ml. After overnight incebation, the
mixture was centrifuged to precipitate TRA-bound GO, which was then thoroughly washed
with PBS in 37 °C to remove loosely bind TRA. The GO-bound TRA was eluted from GO
with denaturing butfer and examined by SDS PAGE. As compared with the known
concentrations of TRA loaded n parallel electrophoresis lanes, approximately 300 ug of
TRA was found to be associated with 60 pg of GO (Fig. 17}, giving nise to a 5:1 mass ratio of
TRA 10 GO. When TRA and GO were mncobated brefly (TRA+G(O), a small amount of TRA
was associated with GO. These results demonstrate that TRA and GO become stably
associated after incubation under the above deseribed conditions. TRA/GO does not
dissociate when washed with buffered normal saline solutions at body temperature (37 °C),
showing its potential stability when used in vivo.

Example 8: GO non-covalently conjugated fo TRA binds to HERZ with high
avidity,

Since TRA and GO form a stable, non-covalent association through a stochastic
process, such conjugation or association might imterfere with the ability of TRA to bind
HER?. To examine this possibility, FITC-comugated to TRA was used to gencrate FITC-
TRA/GO. FITC-TRA/GO was then used to stain a HERZ2-positive cell hine, MG63, and
FITC-TRA was used as a control. Both free FITC-TRA and FITC-TRA/GO positively
stained MG63 cells, but the staiming derived from FITC-TRA/ GO was much (50-100 fold)
brighter by flow cytometry (Fig. 18}, indicating strong binding capacity of FITC-TRA/GO to
HERZ.

Example 9 GO non-covalently conjugated to TRA is highly cytotoxic to
osteosarcoma cells.

The results described herein show that the GO-associated anti-CD20 antibody
rituximab (RTX/GO) kitls CD20+ malignant lvowphoma cells. The cyvtotoxicity of TRA/GO
on HER 2+ osteosarcoma cell lines, MG63 (Fig. 194) and HOS (Fig. 19B) cells was then
examined. MG63 and HOS cells were cultured overnight with TRA/GO, 10% PBS, GO or

TRA and the percentage of live cells compared using the Cell Counting Kit (CCKSE; Sigma-
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Aldrich). The cultures with TRA/GO had fewest viable cells while TRA alone did not affect
proliferation of either MG63 or HOS cells. Flow cyvtometry was also used to identify hve and
dead cells using the LIVE/DEAD cell dyes (ThermoFisher) and revealed that TRA/GO killed
about 50% of the target cells within four hours of culture {data not shown). These results
demonstrate that TRA/GO has the capacity to kill HER2+ osteosarcoma cells while TRA
alone 1s meapable.

Given the results of cell cultures showing that TRA/GO made with TRA 10 GO at a
mass ratio of 5:1 gives rise to the bighest evtotoxicity to HERZ+ tumor cells, 1 can be
determined that the optimal molar ratio of TRA to GO 15 111, 1.2, one TRA molecule to one
GO molecule.

In a scparate set of experiments, another anti-HERZ antibody, perivzumab (PER), was
non-covalently conjugated to GO. MG63 cells were cultured overmght with 10% PBS, G,
free PER or PER/GQO and the percentage of live cells determined using the Cell Counting Kit-
8 {(CCK-8). The results show that pertuzumab non-covalently conjugated to GO (PER/GO)
also potently kills MG63 celis (Fig. 22).

Example 10: TRA/GO causes non-apoptotic cell death.

Ammexin V did not significantly stain TRA/GO killed cells, suggesting that TRA/GO
mediated cyiotoxicity is through a non-apoptotic mechanism (Fig. 203, MG63 cells were
cultured for 4 hours with PBS, TRA, GO or TRA/GQ, stained with the apoptotic marker
Annexin ¥V and analyzed by flow cytometry. No gate was applied on displaved cells.

Counsistent with this result, the pan-caspase inhibitor Z-YAD, which inhibits all the
caspase activity of the apoptotic pathway, slightly alleviates TRA/GG~-mediated cytotoxicity
(Fig. 21). In addition, TRA/GO does not cause significant oxidative stress to the cells.
Electronic microscopy and LDH release assays suggest that TRA/GO kills the osteosarcoma
cells through damaging the plasma membrane. Oxa = oxaliplatin; *, #, ", and & mdicate that
the differences between the treatments and corresponding controls are statistically significant
at p<(.05.

Example 11: TRA/GO but not free TRA rapidly eliminates osteosarcoma in vive
in a xepograft mouse model.

To study the therapeutic potential of TRA/GO i vivo, local and metastatic
osteosarcoma was established by subcutancoas and intravenous transplantation of MG63
cells into tmmunodeficient N()Drag“yko (NRG) mice. NRG mice are deficientin T, B and

NK cells with a defective complement svstem and impaired macrophage activity, and
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therefore constitute an animal model for the evaluation of therapeutic capacity of TRA/GO in
the absence of host effector mechanisms, such as complement-dependent cvtotoxicity or
antibody-dependent celhular cytotoxicity.

Subcutancous inocufation of MG63 cells induces local tumors while intravenous
moculation gives rise to metastatic tumors in the lung, the most commonly involved organ by
metastatic osteosarcoma in patients. Two weeks post inoculation, subcutaneous tumors
became palpable, and metastatic fomors in the hings were confirmed by pathological
exanunation (Fig. 233, The mice then started receiving treatment with cither TRA or
TRA/GO twice a week. Two wecks after treatment, the mice receiving TRA become
severely morbid and were sacrificed for analysis, along with TRA/GO-treated mice.

As shown in Fig. 24, large subcutancous tumors were identified in the TR A-treated
mice consisting of malignant spindle cells (Fig. 24, left). Although subcutaneous lesions
were also identified in the TRA/GO-treated mice, those were smaller and composed of
primarily inflammatory cells mfilirating the remaining degenerative tumor cells (Fig. 24,
right}. The lungs of all the TRA-treated mice contained massive tumors (Fig. 23). Under
microscopic examination, these metastatic tumors in the lung were composed of highly
malignant cells with malignant ostecid undergoing various degree of calcification; extensive
necrosis was also present (Fig. 25, Ieft). These histopathological featurcs are typical of
osicosarcoma seen in patients. In sharp contrast, there was no evidence of malignancy in the
hungs of any of the TRA/GO-treated mice by thorough pathological examination, indicating
that the tumors at this location were completely eliminated.

in survival experiments, mice, intravenously transplanted with MG63 cells, were
given 6 treatments, with either PBS, GO, TRA or TRA/GO, as mndicated in Fig. 26, starting
10 days after MG63 cell inoculation. All the mice that received PBS, GO or TRA died 10 to
15 days after the last treatment. Pathological examination revealed massive ostecsarcoma in
the lungs of all three groups of mice. Al mice that received TRA/GO, however, remained
completely healthy when sacrificed for analysis 40 days afier the last treatment. Pathological
examination showed no evidence of malignancy or pathological abunormalities in the luags or
other major organs that were thoroughly examined, further confuming the capacity of
TRA/GO to eradicate MG63-derived osteosarcoma while TRA alone had hittle if any impact
on propagation of the tumor i vive.

Taken fogether, these data on MG63-derived osteosarcoma demonstrate that TRA/GO

has the capacity to climinate established osteosarcoma in the absence of chemotherapy or
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host immune effector mechanisms. Given the current lack of effective treatment for this
dreadful tumor, these findings can have important clinical therapeutic implications, when
non-surgical interventions including chemotherapy or irradiation are ineffective in controlling
progression of metastatic ostoosarcoma.

Example 12: Therapeutic potential of TRA/GO for pancreatic carcinoma.

TRA/GO was tested for its ability to be cyvtotoxic on a well-characterized HER2+
with FITC-TRA/GO gave nse to much brighter immunofluorescence as compared to free
FTIC-TRA (Fig. 27}, confirming the enhanced capacity of TRA/GO to bind to the cells.

BxP(3 cells were stained with FITC-TRA at 50 pg/mi. or TRA/GO (30 pg /10 pg
/mi}. The cells were analyzed by flow cvtometry. Treating BxPC3 cells m culture tor 4 hours
with TRA/GO killed BxPC3 cells while free TRA had no impact on viability of the cells (Fig.
28).

These in vitro results suggest that TRA/GO can be therapeutically effective against
HERZ+ pancreatic ductal carcinoma.

Taken together, the data presented herein on two types of malignancy, sarcoma and
carcinoma, demonstrate that targeting HERZ using antibedies non-covalently conjugated to
GO can effectively eliminate cancers cells while the original antibodies (c.g., antibodies not
conjugated to GO) had no etfect. These resulis suggest that targeting other HER2+ cancers,
such as breast carcinoma, glioblastoma multiforme, ete, using anti-HER? antibodies non-
covalently conjugated to GO can be similarly effective as ostecsarcoma or pancreatic ductal
carcinoma.

Example 13: Therapeutic potential of anti-EGFR1 antibodies non-covalently
conjugated to GO for treatment of carcinomas of colon or lung.

To improve anti-tumor capacity of anti-EGFR1T antibodies, cetioamab (CTX) was
non-covalently conjugated to GO and the cviotoxicity of GU-associated CTX (CTX/GO) was
studied on two colon carcinoma cell lines, RKO and DLD1. RKO carries wild-tvpe KRAS,
but BLD1T harbors mutated KRAS and 1s known to be resistant to CTX therapy. When the
cells were cultured with free CTX or CTX/GO, free CTX had no cytotoxic effect on either
cell Iine, but CTX/GO killed both RKO and DLD1 cells (Fig. 29). Colorectal carcinoma cell
tines RKO and DLD1 were cultured overnight with 109 PBS, GO, free CTX or CTX/GO,

and percentages of live cells were determined using the Cell Counting Kit-8 (CCK-8).
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Another anti-EGFR1 antibody, panitumumab (PNT), was tested in original form or
non-covalently comjugated to GO on two lung carcinoma cell hines, H1944 and H1650.
H1944 expresses wild-type EGFR1 while H1650 has the in-frame delction delE746-A750
mutation, which drives tumorigencesis. As shown in Fig. 30, PNT non-covalently conjugated
to GO (PNT/GO) bound the cells with a stronger capacity comapared to free PNT (Fig. 30,
apper panel}, and PNT/GO killed both types of carcinoma cells (Fig. 30, lower panel).
H1944 and H1650 cells were stained with FITC-PNT or FITC-PNT/GO and analyzed by
flow cytometry (upper panel). PNT/GO on lung carcinoma cell lines, Hi944 and H1650,
were cultured overnight with 10% PBS, GO, free PNT or PNT/GO, and percentages of live
cells were determined osing the Cell Counting Kit-8 (CCK-8} (Fig. 30, lower panel).

As EGFR1 is overexpressed on a large varicty of epithelial malignancies {c.g.,
carcinomas}, these results show that anu-EGFR1 antibodies non-covalently conjugated to GO
have significant potential to effectively treat carcinomas from many different
organs/locations in addition to the colon/rectom or hungs. Non-covalent conjugation of these
antibodies to GO makes the antibodies directly cytotoxic, and also enables the antibody to
kill KRAS-mutated tumors as well as EGFR+ carcinoma cells regardless of mutation or
activation status of EGFR1.

It will be apparent to those skilled in the art that various modifications and variations
can be made in the present disclosure without departing from the scope or spirit of the
disclosure. Other aspects of the disclosure will be apparent 1o those skilled in the art from
consideration of the specification and practice of the disclosure disclosed herein. Itis
intended that the specification and examples be considered as exemplary only, with a truc
scope and spirit of the disclosure being mdicated by the following claims.

Example 14; Trastuzumab non-covalently conjugated to GO is more potent than
FDA-approved Kadeyla®.

In an effort to enbance the cyvtotoxicity of trastuzumab (TRA; also referred to as
Herceptin®), TRA was linked to the cyiotoxic agent emiansin to produce ado-trastuzumab
emtansin {Kadevla®), Kadevia® is an FDA-approved for the treatment of breast carcinoma
patients that are not responsive 1o TRA plus chemotherapy. Two ostecosarcoma cell lines,
MG63 and HOS, were used to compare the cviotoxac effects of Kadevla® and TRA-GO. For
this experiment, the cells were coltured with 10% PBS, TRA alone, Kadevla® or TRA/GO

for one day and then stained with hive cell dyve and examined using flucrescence microscopy.
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The results show that Kadeyla® exiubited himuted cviotoxicity whereas TRA-GO displayed
marked cytotoxicity i vitro.

Next, immunodeficient NSG mice bearing subcutancous osteosarcoma {derived from
osteosarcoma cell line MG63) were intravenously administered PBS (control), TRA/GO or
Kadcvia® twice a week. The results demonstrate that TRA-GO inhibits tumor growth, while
Kadevla® showed limited therapeatic effect (Fig. 313

Example 15: Trastezumab non-covalently cosjugated to GO is more potent than
trastuzumab or GO alone,

Additional analysis showed that TRA/GO did not affect human lvmphocyte viability

.
o)

{Fig. 32} or canse any appreciable side effects in mice (Fig. 33). For instance, the namber of
Ch4, CD8 and CD19 positive lymphocytes remained unchanged afier overnight culture with
PBS or TRA/GO. Further, mice miravenously admimistered a chemo drug plus TRA twice a
week for twenty-cight days led to marked weight loss while mice treated with TRA/GO
maintained their body weight similar to those mice treated with PBS as a control.

Intravenous adovnistration of TRA/GO into mmmunodeficient NSG mice harboring
MG63-denved osteosarcoma quickly eradicated the established osteosarcoma within 2
weeks, leading to indefinite survival of the animals, while the mice treated with TRA alone or
PBS as a control succumbed to tumor progression. For example, large subcutaneous and lung
tumors were dentified m PBS~, GO~ or TR Atreated mice but not TRA/GO-treated nuce.
The minute subcotancous nodules and pale arcas observed in the lungs of TRA/GO-treated
mice were not actual fumors but rather chronic inflammation as revealed by microscopy.
Upon microscopic analysis, the tumors identified in the PBS-, GO- and TRA-treated mice
were osteosarcoma while the small subcutaneous nodules found in the TRA/GO-treated mice
were granulomas; and the patchy gray arcas in the longs were chronie inflammation and
atelectasis. Next, a Kaplan-Meier curve was generated. For this, 3x10° MG63 cells were
transplanted intravenously on day 0. Osteosarcoma was contirmed on dav 14, the same day
treatment started. Treatment with PBS, GO, TRA or TRA/GO continued every three days for
a total of six treatments {day 32}. All of the nuce that received PBS, GO or TRA died of
osteosarcoma while the TRA/GO-treated mice lived until they were sacnificed and in were in
good condition to that point. When the mice were sacrificed on experimental day 70, no

tamor was identified in any of the mice.
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Example 16: Trastuzumab non-covalently conjugated to GO is necrotic to cells.

As shown heremn, RTX/GO kills target cells by necrosis rather than by apoptosis.
TRA/GO also is also cytotoxic to target cells via necrosis. To further analyze the cells for
specific features characteristic of cither necrosis or apoptosts, the Burkitt lvmphoma cell ine
Daudi was treated m culture for 8 hours with RTX/G0O or PBS as control. Using electronic
microscopy, TRG/GO was visualized as approximately 40 x 200 nm nano-flakes, some of
which were bound to cells. RTX/G0O-bound cells showed ruptured cyvioplasmic membrane
with edematous cvtoplasm and loss of integrity of the organelles and the nucleus appeared
intact, a finding that 18 consistent with necrosis cell death, not apoptosis. These results were
confirmed in an clectronic microscopy analysis using the osteosarcoma cell line MG63.
Similar to the results described hercin, the PBS-~treated cells and the TRA/GO-reated cells
were bound by TRA/GO nanoflakes, and the dead cells showed cvioplasmic swelling, an
nereased number of autophagic vacuoles, organelle degeneration, and plasma membrane
rupture, features of necrosis or necrotic cell death.

Fluorescent microscopy and flow cviometry analysis contirm that TRA/GO-mediated
cyviotoxicity in MG63 cells is not due to apoptosis. The results show, for example, that a pan-
caspase inhibitor, z-VAD, does not affect TRA/GO-mediated cytotoxicity, suggesting non-
apoptotic cell death. In contrast, necrostatin-1 (Necl), a specific inhibitor of RIPK1 oran
MLKL mhibitor, mitigated the cell death, indicating that TRA/GO kills target cells by
necroptosis {e.g., a programmed form of necrosis, or inflammatory cell death). TRA/GO, but
not GO or TRA alone, induces oxidative stress {1.e., production of reactive oxygen specics,
ROS) in target cells. Treatment with a reducing agent, Tiron, blocked ROS production and
protected the cells from death, suggesting that ROS is required for the TRA/GO-mediated
cytotoxic activity. Treating target cells with W6-32/G0, a monoclonal antibody speetfic for
class I major histocompatibility complex also induced strong ROS production, but did not
result in cell death, indicating that ROS production alone is msufficient to activate
necroptosis, and that simultaneous HER?Z signaling may be necessary for eytotoxicity.

Western blots generated from lysates of MG63 cells cultured for 5 minutes with PBS,
TRA, GO, TRA/GO , GO (50 pg) and GO+ TRA resulted 1n a complete loss of a major
tyrosine-phosphorviated protein species (Fig. 34), suggesting that TRA/GO induced rapid,
strong intracellular signaling upon binding to the HER2 receptor. In contrast, TRA, GO
(including 50 pg/mi high concentration of GO that induces ROS, e.g ., oxidative stress), or

GO plus TRA (that were separately added to the culture) did not cause loss of this tvrosine-
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phosphorylated protein, indicating that association between TRA and GO 1s responsible for
the cvtotoxic effects to cells. Blocking HERZ signaling with lapatinitb (also referred to as
Tyvkerb®), a small molecule inhibitor of HER? tyrosine kinase activity, abrogated the killing,
confirming that it is the combination of TRA non-covalently conjugated to GO that s
important for the cytotoxict effects described herein.

These results demonstrate that TRA/GO kills osteosarcoma cells through necroptosis.
The execution of necroptosis relies on the capacity of TRA/GO to sinmultaneously nduce
oxidative stress and rapid, detrimental signaling through HERZ in the target cells. This
uncommon property makes TRA/GO an extraordinary, effective killer of HER2™
much stronger anti-cancer activity as compared to free TRA.

Example 17: RTX non-covalently conjugated to GO is cytotoxic to Z2-138 cells.

Mantel cell lymphoma is a distinet lymphoma type for which no effoctive treatment is
currently avatlable. RTX/GO cyiotoxicity is examined using a marginal lymphoma cell ling
Z-138. Mantel cell lymphoma cell hine Z-138 was cultured with 10% PBS, RTX, GO or
RIX/GO for 48 hours and stained with live cell dve that marks dead cells. Simuilar to other
Examples described herein, and using fluorescence microscopy to examine the £-138 cell
cultures, the results show that RTX/GO kalled Z-138 cells while RTX alone and GO alone
showed a similar result {0 cells treated with PBS {(control}.
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WHATIS CLAIMED IS

A composition comprising onc or more antibodies non-covalently conjugated to

graphene oxide.

The compuosition of claim 1, wherein the antibody is an anti-CD20 monocional

antibody.

The composition of claim 2, wherein the anti-CD20 monoclonal antibody is

ofatumumab, ntuximab, tositimomab, cbinutuzumab, ibritimomab or a biologically

active variant thereof

The compuosition of claim 3, wherein the anti-CD20 monoclonal antibody is rituximab.

The composition of claim 1, wherein the graphene oxide 1s functionalized.

The composition of claim 1, wherein the composition s multivalent.

The composition of claim 1, wherein the one or more antibodies and graphene oxide

are present in a mass ratio of 5:1.

The composition of claim 1, wherein the one or more antibodics comprises one or

MOre MmOonomers.

The composition of claim 8, wherein the one or more monomers are non-covalently

bound to the graphene oxide thereby formung a polymer of antibodies.

The compaosition of claim 1, further comprising a hydrophilic polymer, wherein the

polymer is polyethvlene glveol.

The composition of claim 1, wherein the non-covalent conjugation s through pi-

stacking, hyvdrophobic interaction, ionic binding or hydrogen binding.
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2.

16.

i8.

21

The pharmaceutical composition comprising the composition of claim 1 and a

pharmaceutically acceptable carrier.

. The pharmaccutical composition comprising the composition of claim |, wherein the

pharmaceutical composition is formulated for intravenous administration, infratumor

mjection, or into peritoncal or plevral cavity.

. A method of treating a cancer, the method comprising:

{(a) identifyving a patient in need of reatment;
{b) administering to the patient a therapeutically effective amount of the composition
of claim 1; and

{c) a pharmaceutically acceptable carmer.

. The method of claim 14, wherein the anti-CD20 monoclonal antibody is ofatumumab,

rituximab, tositumomab, obinutuzumab, ibritumomab or a biologically active variant

thereof.

The method of claim 15, wherein the anti-CD20 monoclonal antibody is rituximab.

7. The method of claim 14, wherein the patient 1s a human patient.

The method of claim 14, wherein the cancer 1s a primary, secondary, refractory, or

relapsing tumor,

. The method of claim 18, wherein the pamary, secondary, refractory, or relapsing

tumor s a blood cell tumor.

. The method of claim 19, wherein the blood cell tumor 15 lymphoma.

The method of clanm 20, wherem the vmphoma is a non-Hodgkan's lymphoma.
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22. The method of claim 21, wherein the non-Hodgkin's lymphoma 1s follicular
lvmphoma, mantle cell lvmphoma, marginal zone cell lvmphoma, diffuse large-B-cell

tvmphoma or Burkitt lvmphoma.

23. The method of claim 14, wherein the cancer 1s associated with expression of CD20.

24 The method of claim 14, further comprising administering to the patient a
therapeutically effective amount of radiation therapy, immwunotherapy or chemotherapy
or a combination thercof.

25. A composttion for delivery of one or more antibodics to a ccll, comprising:

(a} graphene oxide; and

(b} one or more antibodics non-covalently bound to the graphene oxide, wherein the

non-covalent binding induces a conformational change in graphene oxide.

26. The composition for delivery of claim 25, wherein the one or more antibodies is a

plurality of monomers.

27. The composition for delivery of claim 25, further comprising a polymer, wherein the

polymer is polyethylene glveol.

28. The compostition for dehivery of claim 25, wherein the antibody s an anti-CD20

monoclonal antibody.
29. The compeosition for delivery of claim 28, wherein the anti-CI320 monoclonal antibody
is ofatumumab, rituximab, fositumomab, obinutuzumab, ibntumomab or a biologically

active variant thereof.

30. The composition for delivery of claim 29, whercin the anti-CD20 monoclonal antibody

bouand to the graphene oxide s multivalent.

60



WO 2017/066583 PCT/US2016/057060

31. The composition for delivery of claim 23, wherein the antibody 1s bound to the
graphene oxide through a non-covalent interaction including pi stacking, hvdrophobic

interaction, ionic bond or hydrogen bond.

jU]
o]

2. A cell comprising the composition of claim 1,

€4l
(43

. A kit comprising a composition, wherein the composition comprises graphene oxide
and one or more antibodies, wherein the graphene oxide is non-covalently bound to the

one or more antibodies; and nstructions for using the composition.

34. The kit of claim 33, whercin the composition is formed in the presence of a low salt

solution.

|98}
93}

. The kit of claim 33, further comprising one or more items selected from the group

consisting of a sterile fluid, a syringe and a sterile container.

36. The kit of claim 33, wherein the composition further comprises a pharmaceutically

acceptable carrier,

(o
~3

7. A method of preparing a nanomaterial complex for delivery of a plurality of antibodies
to a cell, the method comprising:

(a} preparing the nanomaterial through a functionalization process, wherein the
nanomaterial is a graphene oxide sheet;

(b attaching a plurality of antibody monomers to the graphene oxide sheet, wherein
the loading is through non-covalent binding;

{(c) incubating the antibody monomers with the graphenc oxide sheet in a low salt
solution; and

(d) forming a stable aqueous dispersion of the nanomaterial complex.

38. The method of claim 37, wherem the non-covalent binding is through pi-stacking,

39, The method of claim 37, wherein the low salt solution has a concentration of 109 PBS

containing 0.09% NaCl.
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40.

41.

42.

44.

48

50

The method of claim 37, wherein the antibodies to graphene oxide are present in a

mass ratio of 5.1

A method of delivering one or more antibodies to a cell, comprising the composition
of claim 1, the method comprising contacting the cell with the composition fora
sufficient time to permit crosslinking of the antibody to the cell.

The method of claim 41, wherein the antibodies have increased dissociation at low pH.

. The method of claim 41, further comprising the step of contacting the composition

with serum, wherein the composition does not dissociate in the serum.

A molecular probe comprising the composition of claim 1, farther comprsing a

detectable label.

. The molecular probe of claim 45, wherein the label 1s attached to the therapeutic agent.

The compuosition of claim 1, wherein the antibody is an anti-HER2 monoclonal

antibody.

9. The composition of claim 48, wherein the anti-HERZ monoclonal antibody is

trastuzumab and/or periuzumab.

. The composition of claim 1, wherein the antibody 1s an anti-HER 1 monoclonal

antibody.

51. The composition of claim 30, wherein the anti- HER1 monocional antibody is

32

cetuximab and/or panitumumab,
. A method of treating a cancer, the method comprismg;

(a) identifying a patient in need of treatment;
{b} admmistering to the patient a therapeutically effective amount of the composition

of claim 48, and
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{c) a pharmaceutically acceptable carrier.,

L
98]

3. The method of claim 52, wherein the anti-HER? monoclonal antibody is trastuzumab,

pertuzumab or a biclogically active variant thercof

54, The method of claim 52, wherein the patient 1s a human patient.

55. The method of claim 52, wherein the cancer is a primary, sccondary, refractory, or

relapsing tumor.

36, The method of claim 35, wherein the primary, secondary, refractory, relapsing tumor

i$ & sarcoma.

57. The method of claim 56, wherein the sarcoma is osteosarcoma.

58. The method of clamm 35, wherein the primary, secondary, refractory, relapsing tumor

1S 4 carcinoma.

o
=)

. The method of claim 58, wherein the carcinoma 1s pancreatic.

6

ey

3. The method of claim 59, whergin the pancreatic carcinoma is pancreatic

adenocarcinoma.

61. The method of claim 52, wherein the cancer 15 associated with expression of HERZ,

62. The method of claim 32, further comprising administering to the patient a
therapeutically effective amount of radiation therapy, immunotherapy or

chemotherapy or a combination thercof.
63. A method of treating a cancer, the method comprising:

{a) identifying a patient in need of treatment;
{b} admimistering to the patient a therapeutically effective amount of the composition

of claim 530; and
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{c) a pharmaceutically acceptable carrier.,

64. The method of claim 63, wherein the anti- HER1 monocclonal antibody 1s cetuximab,

panitumumab or a biologically active variant thereof.

65. The method of claim 63, wherein the patient 1s a human patient.

66. The method of claim 63, wherein the cancer is a primary, secondary, refractory, or

relapsing tumor.

67. The method of claim 66, wherein the primary, secondary, refractory, relapsing tumor

1S & Carcinoma.

6%, The method of ¢laim 67, wherein the carcinoma is hung cancer or colon cancer.

69. The method of claim 63, wherein the cancer 1s associated with expression of HER1.

70. The method of claim 63, further comprising admmistering to the patient a
therapeutically effective amount of radiation therapy, immunotherapy or

chemotherapy or a combination thereof.

71. The composition of claim 1, wherein the antibody 18 an anti-CD 19 monocional

antibody.

72. The composition of claim 71, wherein the anti-CD 19 monoclonal antibody is

blinatumomab.
73. A method of treating a cancer, the method comprising:

{a) identifving a patient in need of treatment;
{b} admimistering to the patient a therapeutically effective amount of the composition
of claim 71; and

{c) a pharmaceutically acceptable carrier.,
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74. The method of clamm 73, wherein the anti-CP 19 monoclonal antibody is

blinatumomab or a biclogically active vanant thereof,

75, The method of claim 73, wherein the patient is a human patient.

76. The method of claim 73, wherein the cancer 18 a primary, secondary, refractory, or

relapsing tumor.

77. The method of claim 76, wherein the primary, secondary, refractory or relapsing

tumor 1s a blood cell tumor.

78. The method of claim 77, wherein the blood cell tumor 1s Ivmphoma.

79. The method of ¢laim 73, wherein the cancer {5 associated with expression of CD19,
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. II1  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |: Claims 1-32, 41-45, and 48-79 are directed towards a compaosition comprising one or more antibodies non-covalently
conjugated to graphene oxide.

Group II: Claims 33-36 are directed towards a kit and instructions for using a composition.

Group llI: Claims 37-40 are directed towards a method of preparing a nanomaterial complex , the method comprising: a) preparing the
nanomaterial through a functionalization process, wherein the nanomaterial is a graphene oxide sheet; ¢) incubating the antibody
monomers with the graphene oxide sheet in a low salt solution; and (d) forming a stable aqueous dispersion of the nanomaterial
complex.

-***-Continued Within the Next Supplemental Box-***-

1. [:] As all required additional search fees were timely paid by the applicant, this international search report covers all searchble
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report coves
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-32, 41-45, and 48-79

Remark on Protest I:l The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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-***-Continued from Box Ill: Observations where unity of invention is lacking-***-

The inventions listed as Groups I-1li do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons: the special technical features of Group |
include wherein a non-covalent binding induces a conformational change in graphene oxide, which is not present in Groups II-lll; the
special technical features of Group Il include a kit and instructions for using a composition, which are not present in Groups | and Ii; and
the special technical features of Group Ill include a method of preparing a nanomaterial complex, the method comprising: (a) preparing
the nanomaterial through a functionalization process, wherein the nanomaterial is a graphene oxide sheet; ¢) incubating the antibody
monomers with the graphene oxide sheet in a low salt solution; and (d) forming a stable aqueous dispersion of the nanomaterial
complex., which is not present in Groups | and Ill.

The common features of Groups |11l include a composition comprising one or more antibodies non-covalently conjugated to graphene
oxide.

These common technical features are disclosed by an article entitled “Polymer functionalized graphene oxide: A versatile nanoplatform
for drug/gene delivery” by Theodosopoulos, et al (“hereinafter “Theodosopoulos”).

Theodosopoulos discloses a composition comprising one or more antibodies non-covalently conjugated to graphene oxide (a
NGO-PEG-Ab composite comprising antibody = Ab which is non-covalently conjugated to a graphene oxide = NGO via polyethylene
glycol = PEG; page 1829, column 1, second paragraph).

Since the common technical features are previously disclosed by Theodosopoulos, these common features are not special and so
Groups I-lll lack unity.
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