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Abstract 
 

We investigate the conjugation of anti-CD47 monoclonal antibodies to gold nanoparticles 

via click chemistry for cancer therapy. Anti-CD47 antibody has been demonstrated to both 

inhibit primary tumor growth as well as tumor metastasis in vivo. However, healthy cells also 

express CD47, making anti-CD47 antibody a nonspecific treatment. Gold nanoparticles (<100 

nm) exhibit an enhanced permeability and retention rate (EPR) in tumors, making them an 

effective directed delivery system for drugs. Dodecanethiolate gold nanoparticles (3 nm) were 

synthesized and characterized by 1H NMR spectroscopy and dynamic light scattering. 

Subsequent bromoundecathiol exchange was conducted on the dodecanethiolate gold 

nanoparticles followed by an azide substitution to produce azidoundecanethiolate gold 

nanoparticles, which were characterized by 1H NMR spectroscopy and dynamic light scattering. 

Click chemistry was then utilized to conjugate anti-CD47 antibody to the gold nanoparticles. The 

efficacy of the conjugation was investigated by an ELISA assay, and found to be insignificant (p 

> 0.0.5). The anti-CD47-AuNP product from the click chemistry reaction demonstrated no 

toxicity to Homo sapiens lung carcinoma cells in vitro. In the future, the efficacy of the click 

chemistry conjugation will be improved and the therapeutic effect of anti-CD47-AuNP as a 

cancer therapy will be measured by its ability to induce tumor cell phagocytosis by macrophages. 

We hypothesize that the directed delivery of the gold nanoparticles will allow the conjugated 

antibody-nanoparticle drug to show improved effectiveness over the antibody therapy alone in 

inducing tumor cell death.  
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1. Introduction 
 Monoclonal antibodies are emerging as effective therapeutic cancer drugs because of 

their potential ability to attack cancerous cells in a highly specific manner.5 Antibodies are able 

to bind with very high specificity to a single antigen target,6 such as biomarker proteins 

expressed by cancer cells.7,8 Once bound, antibodies can facilitate the destruction of tumor cells 

through a number of different mechanisms,5 including perturbation of cell signaling,9 activation 

of complement dependent cytotoxicity (CDC),10 antibody dependent cellular cytotoxicity 

(ADCC),11 and induction of adaptive immunity.12 

 A promising antibody cancer therapy is anti-CD47.13,14 CD47 is an extracellular protein 

overexpressed by tumor cells as an anti-phagocytic signal.14 Blocking this signal with anti-CD47 

antibody induces tumor-cell phagocytosis, inhibiting both primary tumor growth as well as 

preventing tumor metastasis.13 However, CD47 is also expressed by healthy cells, making anti-

CD47 antibody a non-specific cancer treatment as the injected antibody can bind to any cell in 

the body. This general nature of the treatment reduces the antibody’s effectiveness at treating 

established tumors, as the antibody alone has been shown to be unable to eliminate tumors once 

they are of a certain threshold size.13   

 Conjugating an antibody to nanoparticles for directed drug delivery is a promising 

technique for improving the effectiveness of antibody cancer therapy.15-18 The small size of 

nanoparticles (<100 nm) allows them to pass through the larger pores of the “leaky” tumor 

vasculature,17 and accumulate within the tumor due to the enhanced permeability and retention 

(EPR) effect.19-21 Conjugating antibodies to nanoparticles has been shown to increase their 

therapeutic effect.22 Thus, conjugating anti-CD47 to nanoparticles may increase the effectiveness 

of anti-CD47 antibody in inducing phagocytosis in vivo by delivering the antibody selectively to 

the tumor.  

 In this study, we investigate the conjugation of anti-CD47 antibody to gold nanoparticles 

via click chemistry. Gold nanoparticles were synthesized1 and conjugated to anti-CD47 

antibodies.2 Successful conjugation was confirmed using an ELISA assay and the cytotoxicity of 

the anti-CD47-gold nanoparticle conjugated product on cells was assessed in vitro with a cell 

viability assay. Future work will assess the conjugated antibody-nanoparticle’s therapeutic effect 
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on cancer cells in the presence of macrophages, measured by its ability to induce phagocytosis of 

the cancer cells.13   

 

1.1   Cancer By The Numbers 
 Cancer is the group of diseases characterized by uncontrolled cell growth leading to the 

proliferation of abnormal cells.23 It is currently the second leading cause of death in the world.23 

According to an American Cancer Society study, 7.6 million people worldwide died from cancer 

in 2008, and that number is expected to grow to 13.2 million annual deaths by 2030, which is 

over 36,000 lives everyday.23 

 Cancer’s enormous impact on society has made it one of the most highly funded topics of 

research in the world.24,25 The American Cancer Society is currently funding over $462 million in 

grants for cancer research24 and the federally funded National Cancer Institute has had an 

average annual budget of $4.9 billion over the past six years.25 The incredible amount of time, 

money, and resources that have been put into cancer research has resulted in new and more 

effective cancer therapy strategies that have raised the overall average 5-year cancer survival rate 

in the United States from 50% in 1976 to 68% in 2007.26 While this increased survival rate has 

undoubtedly impacted many lives, there are still currently 21,000 cancer deaths worldwide every 

day,23 showing the desperate need for continued research to improve the effectiveness of modern 

cancer therapy treatments. 

 

1.2   History of Cancer Therapy Approaches 
Surgical Removal of Primary Tumors 

 Surgically removing tumors is the oldest known form of cancer therapy.27 According to 

inscriptions found in Egypt, surface tumors have been surgically removed in a similar manner to 

how they are today since 1500 BC.27 With the advent of general anesthesia in 1846, the door was 

opened for the possibility of more advanced surgical procedures.  

These treatments were at first very invasive, removing both the tumor and surrounding 

healthy tissue; such as the radical mastectomy approach developed in the 1880s of removing the 

entire breast and surrounding chest muscles to treat breast cancer.27 Over the years, surgery 

techniques have become more refined, which has reduced recovery time and side effects after 
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surgery, but the primary tumor is typically not the cause of death. As many as 90% of cancer 

deaths are caused by the metastasis of cancer cells – the spread of the cancerous cells from the 

primary tumor to other parts of the body – rendering surgical removal of the primary tumor an 

ineffective treatment option on its own.28   

 

Chemotherapy  

 Given the dangers of metastasis and evidence that localized treatment approaches had 

plateaued at a 33% cure rate,29 the 1960s ushered in an era of investigating chemical drugs for 

their therapeutic effects. Fighting cancer with chemical drugs was termed “chemotherapy” and 

the medical field of oncology was officially established in 1972.29 

 Chemotherapy drugs typically target rapidly dividing cells and work by interfering with a 

these cell’s ability to divide and reproduce.29 They are often used in combination therapy 

approaches consisting of either surgery to remove the primary tumor and then chemotherapy30 or 

simultaneous administration of multiple types of chemotherapy drugs that work through different 

mechanisms.31 Such combination chemotherapy techniques have proven to be very effective at 

treating many types of cancer, such as metastatic testicular cancer, which has seen its cure rate 

improve from 10% in 1977 to 95% with modern day chemotherapies.29 However, a major 

problem with these approaches is that the chemotherapy drugs are often not specific for cancer 

cells, as many healthy cells are rapidly dividing as well, resulting in a long list of adverse side 

effects including nausea, vomiting, hair loss, fevers, chills, weight loss, and peripheral edema.32 

Moreover, the cytotoxic effect that chemotherapy drugs have on the body limits the maximum 

dosage that can be administered, putting an upper-limit on their maximum potential therapeutic 

effect.31 

 

Targeted Therapy 

 The problems caused by the detrimental effects of chemotherapy drugs on healthy cells 

have led to the development of more targeted therapeutics. An increased understanding of the 

mechanisms underlying the proliferation of cancer cells has allowed for the development of a 

new class of drugs, which are highly selective for targets unique to cancer cells.33 Their 

specificity increases the drugs effectiveness at treating the patient’s specific cancer while 

reducing harmful side effects by decreasing cytotoxicity to normal healthy cells.33 
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 In 2010, there were 22 FDA-approved targeted cancer therapies on the market.34 These 

drugs work by modulating the activity of one or more proteins involved in cancer, such as 

inhibiting abnormal enzymes (Gleevec®),35 blocking overexpressed growth signals (Iressa®),36 or 

preventing the degradation of natural cancer fighting proteins (Velcade®).37 Treating cancer by 

attacking specific pathways using targeted therapies such as these has been shown to be 

extremely effective at eliminating cancer cells with high specificity and is one of the most 

promising areas of cancer therapy research.33 

 

1.3   Current Monoclonal Antibody Therapies 
  Monoclonal antibodies are 

currently becoming one of the most 

common forms of targeted therapy with 

12 FDA-approved monoclonal antibodies 

available as of 2010.34 Monoclonal 

antibodies are an effective form of 

targeted therapy because of their 

specificity for binding to specific antigens 

as targets.38 The structure of an antibody 

consists of a constant region specific for 

the organism from which the antibody is 

produced, and a variable region that bind 

highly selectively to a specific antigen 

(Figure 1).39 Each antibody binds to a 

different antigen, and this high specificity for a given antigen target makes antibodies a useful 

tool for targeted therapy.  

 A significant milestone for the use of antibodies therapeutically in humans was the 

development of humanized antibodies.38 Originally the only way of studying the effects of an 

antibody treatment on cancer cells was to introduce an antigen into a mouse so that its immune 

system would produce antibodies that could be collected and studied specifically for that antigen. 

While using mice specific antibodies is useful for preliminary studies on the effect of the 

antibody in mouse models, the same antibody used in the mouse cannot be directly applied to 

Figure 1. Antibody Structure: Variable and Constant Regions 
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human trials because the constant regions of human and murine antibodies are significantly 

different and thus incompatible.39 However, recently developed techniques can produce 

humanized antibodies from the mouse antibody by exchanging the murine constant region with a 

humanized constant region without altering the selectivity of the variable region.38 This has 

greatly increased the speed of development and thus availability of humanized antibodies for 

cancer therapy.38 All 12 FDA approved monoclonal therapies currently being used clinically are 

this type of humanized antibody.38 

 

1.4   CD47 as a Cancer Therapy Target 
 A newly discovered targeted monoclonal antibody 

therapy currently in Stage I clinical trials is anti-CD47.13 

Recently, the transmembrane protein CD47 has been found to 

be an effective target for cancer therapies.13 This protein 

functions as an inhibitor of phagocytosis by ligating to SIRPa 

on macrophages, and serves as an anti-phagocytic signal.40 

CD47 is overexpressed on multiple types of cancer cells 

compared to healthy cells (3-fold more on average),13 including 

ovarian cancer, acute myeloid leukemia, chronic myeloid 

leukemia, acute lymphoblastic leukemia, non-Hodgkin’s 

lymphoma, multiple myeloma, and bladder cancer.40  

 Monoclonal anti-CD47 therapy has been demonstrated 

to be effective at inhibiting both primary tumor growth and 

tumor metastasis in vitro as well as in a mouse model (Figure 

2).13 The results suggest that the blockade of CD47 with a 

monoclonal anti-CD47 antibody is potentially an extremely 

effective therapy for multiple types of cancer, and has received 

a $20 million grant from the voter-funded California Institute 

for Regenerative Medicine to begin human trials of monoclonal 

anti-CD47 antibody.   Figure 2. Anti-CD47 Therapeutic Effect. A&B, 
examples of inhibition of primary tumor growth. 
C, inhibition of tumor metastasis. From 
Weismann et al. 13 
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 It is hypothesized that anti-CD47 works through four different mechanisms.13 Its primary 

mechanism of action is the specific blockade of CD47, inhibiting the cell’s anti-phagocytic 

signal through interaction with the SIRPa of macrophages, which enables phagocytosis of 

cancerous cells.13 Moreover, anti-CD47 monoclonal antibody treatment can also induce cancer 

cell death through the more traditional antibody therapy mechanisms such as natural killer-cell 

mediated ADCC and CDC,41 stimulation of apoptosis by a caspase-independent mechanism,41 as 

well as stimulation of an anti-tumor adaptive immune response.13,41  

 A potential problem with this therapy, however, is that all normal cells in the body also 

express CD47, making anti-CD47 an untargeted and nonspecific therapy.13 Interestingly, despite 

CD47 being found on healthy cells, anti-CD47 does not show evidence of significant side effects 

in vivo besides temporary anemia.13 This is hypothesized to be caused by the fact that anti-CD47 

antibody only blocks the negative phagocytic signal, and an 

additional positive phagocytic stimulus found only on cancer cells 

is also required for the cell to undergo phagocytosis (Figure 3).13 

Therefore, although anti-CD47 binds to noncancerous cells, these 

healthy cells do not express any pro-phagocytic signal, causing 

them not to be engulfed by macrophages.  

Despite the limited side effects observed in the mouse 

model there are additional potential side effects that are always 

concerns when administering antibody therapies, especially with 

high dose therapies.42 These side effects include hypersensitivity 

reactions, infusion reactions and immunogenicity, anemia, 

immunosuppression and infections, severe hypertension, and 

cardiovascular side effects including heart failure.42 As the anti-

CD47 antibody treatment was found to be much more effective at 

higher doses,13 it would be extremely beneficial to be able to limit 

negative side effects by selectively delivering the antibody to the 

tumor in order to allow for a higher effective dose of anti-CD47 to 

be given clinically.    

 

Figure 3. Normal and Cancerous cell 
comparison. Tumor cells express pro-
phagocytic signals. 
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1.5   Nanoparticles as Directed Drug Delivery Systems 

Mechanism	  of	  Drug	  Delivery	  Systems	  

  Given the need to increase effectiveness while reducing side effects of this antibody 

therapeutic treatment, one possible solution is to use nanoparticles as a drug delivery system.15-17 

Controlled drug delivery systems (DDS) transport the drug to the place of action in the body.17 

This selectivity of delivery to the tumor effectively increases the drug’s efficiency, reduces side 

effects, and decreases the dose required to achieve the desired effect.17 Nanoparticles, defined as 

being <100 nm in at least one dimension, are often used in DDS because of their unique ability 

to be effectively synthesized in a size controlled manner, to have large surface area to which 

multiple chemical moieties can be attached as ligands, and to exhibit natural aggregation in 

tumors.17 

 Nanoparticles are able to naturally aggregate in tumor cells because tumors have a hyper 

permeable vasculature.16 Due to the rapid cell proliferation and high mutation rate associated 

with tumor growth, the vasculature of the blood vessels near tumors becomes hyperpermeable 

(“leaky”) to all molecules in the blood that are small enough to fit through its pores.43,44 Studies 

suggest that the cutoff size of the pores in this leaky tumor vasculature is very heterogeneous, but 

typically between 100 and 400 nm.16,45 

 The leaky vasculature allows nanoparticles to accumulate in tumors because of the 

enhanced permeability and retention (EPR) effect (Figure 4).19-21 Nanoparticles are too large to fit 

through the pores of healthy tissue, allowing them to have circulation times in the blood upwards 

of 72 h.46 This increased circulation time causes a large percentage of the nanoparticles to 

eventually find their way through the large leaky pores and into the tumor.19  

Figure 4. Leaky tumor vasculature allows for accumulation of nanoparticles due to EPR. Adapted from Brigger, et al.45 



	   8	  

While small enough to fit through the outermost pores, nanoparticles are also large 

enough to experience an increased retention rate once inside the tumor because they become 

lodged in areas of high cell density and small pore size, inhibiting their ability to diffuse out of 

the tumor site as easily as smaller molecules.19,20 Tumors also display characteristically 

diminished lymphatic drainage of large molecules, further increasing the retention rate of 

nanoparticles.19 Therefore, when injected intravenously, nanoparticles have been shown to 

exhibit increased accumulation in tumors because of their EPR effect.19-21 

 

Benefit	  of	  Gold	  Nanoparticles	  

 Gold nanoparticles are one class of nanoparticle that exhibit high accumulation in tumors 

because of the EPR effect.18 Gold particles are particularly advantageous to use for DDS because 

they are relatively easy to synthesize and functionalize, as well as highly biocompatible.18 Gold 

nanoparticles can be synthesized to be as small as 2 nm in diameter.18 When synthesized this 

small, the nanoparticles are hyperpermeable to the tumor’s leaky vasculature, and are better able 

to avoid detection by the immune system, leading to a longer circulation time.18 However, 

smaller sized nanoparticles also experience decreased retention rate inside the tumor as they are 

able to pass in and out of the tumor more easily than larger nanoparticles.19 Therefore, 

determining the ideal size for the gold nanoparticle is a balancing act of making them small 

enough to permeate the tumor and avoid detection by macrophages, but large enough to 

experience increased retention rate once inside.19-21 

Different size gold nanoparticles have been shown to be effective tools for tumor 

detection,47 controlled delivery and release of a conjugated drug,18 and gene delivery to cancer 

cells.15 For this study, the most important application is gold nanoparticle’s ability to deliver a 

monoclonal antibody selectively to tumor cells. 

 

Conjugation	  Methods	  

 In addition to the size of the nanoparticles, an important consideration in an antibody-

nanoparticle conjugated system is the conjugation method used to attach the two components.48 

The traditional method for conducting this conjugation has been the EDC coupling method, 

which forms amide bonds between the antibody and the nanoparticle’s carboxylated thiols 

(Figure 5).48 However, this reaction is not ideal because it is highly inefficient - typically only 
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conjugating 20% of the antibodies to a nanoparticle - making it a wasteful and expensive 

procedure.48 

 

 
  

A new conjugation method utilizing “click chemistry” has been shown to produce a 

nearly 100% conjugation efficiency.48 Click chemistry is the cycloaddition of an alkyne with an 

azide group in the presence of copper catalyst to form a 1,4-disubstituted-1,2,3-triazole (Figure 

6).49 This reaction is very promising for antibody-nanoparticle conjugation, as the alkyne and 

azide groups can be attached to the antibody and nanoparticle respectively, and then very 

efficiently “clicked” together to form a strong, stable covalent linkage.49 Click chemistry has 

been shown to conjugate more than twice as many antibodies per nanoparticle than EDC 

coupling.48  
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1.6   Anti-CD47 Conjugated Gold Nanoparticle Therapy 

 In this study, we will investigate the conjugation of anti-CD47 monoclonal antibody to 

gold nanoparticles via click chemistry for cancer therapy. The procedure involves the synthesis 

of gold nanoparticles, followed by its conjugation to anti-CD47 antibody via click chemistry to 

produce a conjugated antibody-nanoparticle product (Figure 7). A successful conjugation will be 

assessed by an ELISA assay, and the final product’s cytotoxicity to cells will be investigated by 

an in vitro cell viability assay. If the conjugation is successful and the product displays no 

significant cytotoxicity to cells on its own then it can be considered a viable option to be 

assessed for its therapeutic effect.  

 

 

 

 

 

 

 

 

 

Figure 7. Anti-CD47 Conjugated Gold Nanoparticle Cancer Therapy Drug. Antibody ~15 nm, Au-NP ~30 nm 
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2. Materials and Methods 

2.1   Materials 
 All chemicals used in this study were of analytical grade and were used as received from 

the suppliers without any further purification unless otherwise noted. Tetrachloroauric(III) acid 

trihydrate (Acros Organics); Tetraoctylammonium bromide (Sigma-Aldrich); 1-Dodecanethiol 

(Sigma-Aldrich); Sodium borohydride (Sigma-Aldrich); 11-Bromo-1-undecanethiol (Sigma-

Aldrich); Sodium azide (Sigma-Aldrich); CRL-5928 Homo sapiens lung carcinoma cells 

(ATCC); RPMI-1640 Medium (ATCC); Anti-CD47 antibody [B6H12.2] (Abcam); Azido PEG 

thiol (Nanocs); Amicon Ultra-0.5 ml, Ultracel-100 Membrane centrifugal filter, 100 kDa 

(Millipore); Propargyl-dPEG1-NHS ester (Quanta Biodesign); Zeba Spin Desalting columns, 7K 

MWCO, 0.5 ml (Thermo Scientific); Copper (III) sulfate pentahydrate (Sigma-Aldrich); L-

Ascorbic acid (Sigma-Aldrich); Express ELISA Kit, Mouse (Genscript); Recombinant Human 

CD47 (Novoprotein); Cell counting kit-8 (Dojindo) 

 

2.2   Dodecanethiolate Gold Nanoparticle Synthesis1 
Dodecanethiolate-gold nanoparticles (3 nm) were synthesized using the Schiffrin-Brust 

method.1 An aqueous solution of hydrogen tetrachloroaurate (150 ml, 16.7 mM) was vigorously 

mixed with a solution of tetraoctylammonium bromide in toluene (150 ml, 26.7 mM) for 15 min 

at room temperature. Dodecanethiol (3.05 mmol) was stirred into the mixture for 5 min. An 

aqueous solution of sodium borohydride (10 ml, 5 M) was added dropwise under vigorous 

stirring and the reaction was subsequently stirred at room temperature for 3 h. The organic phase 

was collected and excess toluene was removed using a rotary evaporator. The nanoparticles were 

resuspended in minimal toluene, added to 500 ml of ethanol and kept in the dark at -20 °C for 72 

h. The dark purple precipitate was collected by centrifugation and washed twice with ethanol 

before being redispersed in dichloromethane. The nanoparticles were characterized by 1H NMR 

spectroscopy in CDCl3 using a Bruker 400 Ultrashield spectrometer and found to be in 

agreement with the literature.2 The size of the nanoparticles was measured with dynamic light 

scattering using a Zetasizer Nano ZS (Malvern Instruments) in chloroform at UMass Medical 

School (Han Lab, Biochemistry and Molecular Pharmacology Department).  
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2.3   Ligand Exchange with Bromoundecanthiol2 

A thiol-ligand exchange of bromoundecanethiol was performed on the dodecanethiolate-

gold nanoparticles to prepare the particles for the subsequent azide ligand exchange.2 A solution 

of dodecanethiolate-gold nanoparticles in dichloromethane (200 ml, 0.715 mg/ml) was mixed 

with 500 mg of bromoundecanethiol under N2 at room temperature for 5 days. The solvent was 

evaporated and the gold nanoparticles were washed with acetone and ethanol by centrifugation to 

remove excess thiol before resuspension in dichloromethane.   

 

2.4   Azidation of Gold Nanoparticles2 
Azide was substituted for bromide on the bromoundecanthiol-nanoparticles in 

preparation for the click chemistry reaction.2 A solution of bromoundecanethiol-gold 

nanoparticles (12 ml, 9.17 mg/ml) dissolved dichloromethane was mixed with an equal volume 

solution of sodium azide in dimethyl sulfoxide (DMSO) (0.235 M). The mixture was stirred for 

48 h under N2 at room temperature. An equal volume (24 ml) of deionized water was added 

before collecting the dark purple organic phase using a separatory funnel. The organic extract 

was dried over sodium sulfate and washed with ethanol before being collected by centrifugation 

and resuspended in dichloromethane. The azide-functionalized gold nanoparticles were 

characterized by 1H NMR spectroscopy in CDCl3 using a Bruker 400 Ultrashield spectrometer 

and found to be in agreement with the literature.2 The size of the nanoparticles was measured 

with dynamic light scattering using a Zetasizer Nano ZS (Malvern Instruments) in chloroform at 

UMass Medical School (Han Lab, Biochemistry and Molecular Pharmacology Department). 

 

2.5   Cell Culture Method 
 Homo sapiens lung carcinoma cells (NCI-H2170) were grown in culture according to the 

ATCC protocol. Upon arrival the entire vial of cells was thawed, mixed with 10 ml of RPMI-

1640 (10% FBS) medium, and seeded on a 100 mm x 20 mm treated polystyrene cell culture 

dish. The cells were incubated at 37 °C in a 5% CO2 air atmosphere. The medium was replaced 

every 24 h until the cells reached ~70% confluence (4 days). The cells were subsequently split 

1:2 for the duration of the investigation whenever they reached 80% confluence (every 2-3 days).   
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2.6   Cytotoxicity of Dodecanethiolate and Azidoundecanethiolate Nanoparticles 

The cytotoxicities of the synthesized dodecanethiolate and azide-functionalized 

nanoparticles were measured with a cell counting kit-8 (CCK-8) according to the manufacturer’s 

protocol (Dojindo). Homo sapiens lung carcinoma cells were seeded on a 96-well plate in RPMI-

1640 medium (10% FBS) at a density of 25,000 cells/well. The dodecanethiolate nanoparticles 

were collected by taking a 1 ml sample from the prepared stock solution and evaporating the 

dichloromethane using a rotary evaporator. Although the nanoparticles were not water-soluble 

and therefore could not be fully redispersed in water, they were mixed vigorously with deionized 

water until most of the nanoparticles had formed into small clumps floating in solution that could 

be pipetted. The same approach was implemented to collect a sample of the azide-functionalized 

gold nanoparticles in water.  

Qualitative amounts of both types of gold nanoparticles were added to cell wells in 

triplicate after the initial 24 h incubation (Table 1). After incubation at 37 °C for an additional 24 

h, the medium was removed and the cells were washed once with 1X phosphate-buffered saline 

(PBS). Fresh medium (90 µl /well) and CCK-8 solution (10 µl /well) were added and incubated 

at 37 °C for 4 h. Absorbance (450 nm) was subsequently measured using a Bio-Tek Synergy HT 

multi-mode microplate reader as a measure of cell viability. The solution containing CCK-8 was 

discarded and 100 µl of fresh medium was added to each well. The plate was incubated at 37 °C 

for an additional 24 h before repeating the assay to measure cell viability at 48 h. The mean 

viability of each test group (± S.E.) was graphed using Microsoft Excel. 

 
Table 1. Plate layout of cytotoxicity assay of gold nanoparticles.  

Condition Medium (µl) Gold Nanoparticles (µl) 

Control 100 0 

Dodecanethiol AuNP 90 10 

Azide-functionalized AuNP 90 10 
*Each condition repeated in triplicate.  (n=1) 
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2.7   Azido-PEG-Thiol Gold Nanoparticle Modification50,51 

 The dodecanethiolate gold nanoparticles were modified with a thiol-PEG-azide 

compound to make azide-attached gold nanoparticles that are water-soluble.50,51 

Dodecanethiolate gold nanoparticles were collected from the previously prepared stock solution 

using a rotary evaporator and redispersed in dichloromethane (2 ml, 1.8 mg/ml). Azido-PEG-

thiol (3k Da) was dissolved in dichloromethane (2 ml, 30 mg/ml) and mixed with the 

nanoparticles overnight under N2 at room temperature. The now water-soluble nanoparticles were 

washed twice with deionized water and redispersed in deionized water.  

 

2.8   Anti-CD47 Antibody Functionalization50,51 

 Anti-CD47 monoclonal antibody (B6H12.2) was functionalized for the click chemistry 

reaction by the addition of an alkyne group.50,51 The solution that the antibody was shipped in 

contained 0.09% sodium azide, which needed to be removed so that it would not react with the 

alkyne compound. Anti-CD47 solution (250 µl) was added to a size exclusion centrifugal filter 

(100K MWCO) and centrifuged at 14,000 rcf for 10 min. The flow-through was discarded, and 

the filter was flipped upside down in a clean Eppendorf tube and centrifuged at 1,000 rcf for 2 

min. An additional 50 µl 1X PBS was added to the extracted solution. A solution of propargyl-

PEG-NHS ester (2 µl, 100 mg/ml dissolved in DMSO) was added to this antibody solution, and 

the reaction was kept in 4 °C for 6 h.   

 The functionalized antibodies were then purified from unreacted alkyne by applying the 

reaction solution to the resin bed of a desalting column (7K MWCO) and centrifuging at 1,500 

rcf for 2 min. An additional 50 µl 1X PBS was added to the flow through to fully resuspend the 

antibodies.   

   

2.9   Conjugation of Anti-CD47 to Gold Nanoparticles via Click-Chemistry50,51 

 The alkyne-functionalized anti-CD47 antibodies were conjugated to the azide-PEG-gold 

nanoparticles via click chemistry.50,51 Alkyne-functionalized antibody in solution (200 µl, 0.25 

mg/ml dissolved in 1X PBS) was mixed with a 30 µl azide-PEG-AuNP solution (1 mg/ml 

dissolved in deionized H2O). Copper sulfate (20 nmol) was added to the reaction as a catalyst, 

followed by the dropwise addition of ascorbic acid (100 nmol). The reaction was incubated at 4 
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°C for 24 h. The solution was subsequently centrifuged at 10,000 rcf for 10 min. At this speed 

any antibody that precipitated out of solution must be conjugated to gold nanoparticles, and any 

unreacted antibody would stay in solution. The resulting pellet was resuspended in deionized 

water and the efficacy of the conjugation was assessed by an ELISA assay.  

 

2.10   ELISA Assay 
 An ELISA assay was conducted (according to the manufacturer’s protocol, Genscript) to 

test for the presence of anti-CD47 antibody. The click chemistry reaction solution was tested 

after it was centrifuged at a speed (10,000 rcf) so that any antibody present must be conjugated to 

gold nanoparticles. A solution of 400 µl recombinant human CD47 (20 µg/ml in deionized H2O) 

was diluted to 10 µg/ml with 2X coating buffer. This diluted antigen solution was added to each 

well (100 µl /well) and incubated at room temperature for 5 min. The solution was removed and 

the wells were treated with an equal part solution of pretreat A and pretreat B (200 µl /well). 

After 5 min of incubating at room temperature, the wells were washed three times with 1X wash 

solution (250 µl /well). The test solutions were subsequently added to each well (Table 2), and 

brought to a final volume of 100 µl with 1X PBS.  

 
Table 2. Plate layout of anti-CD47 ELISA assay.  

Condition Test Solution (µl) 1X PBS (µl) 

Control 0 100 

Stock anti-CD47 antibody 50 50 

Alkyne-conjugated anti-CD47 20 80 

Anti-CD47-AuNP final product 100 0 
*Each condition repeated in triplicate. (n=1)  

 

The plate was incubated at room temperature for 30 min before being washed once with 

1X wash solution (200 µl /well). ELISA solution was added (100 µl /well) and incubated at room 

temperature for 20 min. The wells were thoroughly washed 5 times with 1X wash solution (200 

µl /well). One-solution Microwell TMB substrate solution was added (100 µl /well) and allowed 

to incubate for 15 min at room temperature with gentle shaking. The reaction was stopped with 

the addition of Stop solution (100 µl /well), and absorbance at 450 nm was immediately 
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measured using a Bio-Tek Synergy HT multi-mode microplate reader. The results were plotted 

using Microsoft Excel and significance was assessed using a two-tailed T-test (p < 0.1). 

 

2.11   Anti-CD47-AuNP Cytotoxicity Assay 
 The toxicity of the final antibody-nanoparticle conjugated product on cells was assessed 

using a cell-counting kit 8 (CCK-8) following the manufacture’s protocol (Dojindo). Homo 

sapiens lung carcinoma cells were seeded on a 96-well plate in RPMI-1640 (10% FBS) medium 

at a density of 25,000 cells/well and incubated at 37 °C for 24 h. Test solutions were added to the 

cells in triplicate (Table 3). After incubation at 37 °C for an additional 24 h, the cells were 

washed once with 1X PBS. Fresh medium was added (90 µl /well) as well as CCK-8 solution (10 

µl /well). The plate was incubated at 37 °C for 4 h. Absorbance (450 nm) was subsequently 

measured using a Bio-Tek Synergy HT multi-mode microplate reader as a measure of cell 

viability. The solution containing CCK-8 was discarded and 100 µl of fresh medium was added 

to each well. The plate was incubated at 37 °C for an additional 48 h before repeating the assay 

to measure cell viability after 72 h. The mean viability of each test group (± S.E.) was graphed 

using Microsoft Excel.  

 
Table 3. Plate layout of cytotoxicity assay of anti-CD47-AuNP final product.  

Condition Medium (µl) Gold Nanoparticles (µl) 

Control 100 0 

Azide-PEG-AuNP 90 10 

Anti-CD47-AuNP 90 10 
*Each condition repeated in triplicate.  (n=1) 
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3. Results and Discussion 
 In this study we investigated the conjugation of anti-CD47 antibodies to gold 

nanoparticles via click chemistry. The synthesis and azido-modification of the gold nanoparticles 

was confirmed by 1H NMR spectroscopy, and their final size measured using dynamic light 

scattering. The efficacy of the click chemistry conjugation was assessed using an ELISA assay 

and fails to show evidence of a successful conjugation (p > 0.05). A cytotoxicity assay 

demonstrates no toxic effect of the click chemistry final product on cells in vitro, suggesting that 

the anti-CD47-gold nanoparticle conjugated product is a potentially viable candidate to be tested 

for its therapeutic effect as a cancer therapy agent.  

 

3.1   Dodecanethiolate-Gold Nanoparticle Synthesis1 
 Gold nanoparticles were synthesized using the Schiffrin-Brust method.1 This method was 

followed because it is the approach I learned from Dr. Han (UMass Medical School) while 

working in his lab during the summer 2013. He used it throughout his Ph.D. studies of gold 

nanoparticles because of its simplicity and reliability in producing size controlled gold 

nanoparticles. I had performed the protocol successfully at UMass over the summer, but still 

conducted a preliminary “small batch” test run at Middlebury to double-check the efficacy of the 

synthesis protocol and make sure all the instruments at Middlebury were sufficient so as to not 

waste any of the expensive materials. The test run was conducted without any obvious problems 

and produced a final solution that visually looked identical to the product I made at UMass under 

Dr. Han’s guidance. I therefore proceeded to repeat the protocol in much higher quantities.  

 The quantities used for the full-scale gold nanoparticle synthesis were chosen under the 

guidance of Dr. Han who drew from his personal Ph.D. experience to suggest a quantity that 

would yield an amount of gold nanoparticles that would be sufficient for the entirety of the thesis 

without going over budget. As gold nanoparticles have been shown to be stable for over 6 

months at room temperature,52 rapid deterioration of the synthesized nanoparticles was not a 

concern. Therefore it was easier to synthesize one large batch of dodecanethiolate-gold 

nanoparticles to use for subsequent tests and modifications rather than continuously performing 

small batch synthesis whenever more gold nanoparticles were needed.  
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 The synthesis of gold nanoparticles involves the reduction of a gold complex in solution 

causing the gold to aggregate in very small clumps that can be stabilized with thiol chains 

(Figure 8).1 Alterations to the gold-to-thiol ratio, or changing the length of time or temperature of 

the reaction allow for tight control over the nanoparticle’s overall size, geometry, and 

monodispersion.1 Furthermore, the nanoparticles are highly stable under physiological 

conditions, which is crucial because if they aggregate then they lose the benefit of their small 

size and may no longer be able to pass through the tumor’s leaky vasculature, rendering them 

ineffective.18  

 

 

 

 

 

Our synthesized nanoparticles were characterized by 1H NMR spectroscopy and the 

spectrum was compared to known dodecanethiolate-gold nanoparticle 1H NMR spectrum in the 

literature (Figure 9).2 The spectra are almost identical, suggesting that the synthesis was 

successful. The size of the dodecanethiolate-gold nanoparticles was measured with dynamic light 

scattering (Zetasizer Nano Series, Nano ZS, Malvern Instruments) at UMass Medical School 

(Han Lab, Biochemistry and Molecular Pharmacology Department). Dynamic light scattering 

works by illuminating the sample solution with a laser, and the beam is scattered by the particles 

in solution. The intensity of the frequency shift of the scattered laser beam is measured over 

time, and can be used to calculate the hydrodynamic diameter of the particles based on Brownian 

motion of particles in solution.53 The results show the nanoparticles are 2.8 ± 0.49 nm in 

diameter (Figure 10). This is almost exactly our expected size of 2 nm, and should make our 

final product after subsequent nanoparticle substitutions and antibody conjugations in the ideal 

size range of 10-100 nm for optimal natural accumulation in the tumor.19 

Figure 8. Synthesis of dodecanethiolate gold nanoparticles 
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Figure 9. 1H NMR spectrum of dodecanethiolate-AuNPs in CDCl3 (δ ppm). 1H NMR Bruker 400 Ultrashield 
spectrometer 

Figure 10. Size distribution of dodecanethiolate gold nanoparticles. Size peak 2.810 ± 0.49 nm. Measured with using a Zetasizer 
Nano ZS in chloroform at UMass Medical School (Han Lab, Biochemistry and Molecular Pharmacology Department).	  
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3.2   Bromoundecanthiol and Azide Substitutions on Gold Nanoparticles2 

 A thiol-ligand exchange of bromoundecanethiol was performed on the dodecanethiolate-

gold nanoparticles to prepare the particles for a subsequent azide substitution.2 We decided to 

follow this method to prepare the nanoparticles for the click chemistry reaction because of its 

detailed step-by-step procedure found in the literature, as well as available 1H NMR spectra with 

which to compare our results at each step.2 A downside of this protocol is that it requires a large 

amount of bromoundecanethiol, which is very expensive ($400 per 250 mg). Other approaches to 

attach the azide to the gold nanoparticles were considered in order to avoid this expensive 

compound, but were found to be much more complicated and had less detailed protocols in the 

literature. Therefore we decided to follow the higher cost method,2 reasoning that its detailed 

protocol would not only be easier to follow, but also may in fact save money overall by avoiding 

wasteful failed experiments attempting to follow more vague protocols. 

 The thiol-ligand exchange of bromoundecanethiol appeared to proceed without any 

noticeable problems, such as visible nanoparticle aggregation. A 10-fold excess of 1-

bromoundecanethiolate was mixed with our synthesized dodecanethiolate gold nanoparticles in 

dichloromethane (Figure 11). This method has been shown to produce gold nanoparticles in 

which an average of 75% of the undecanethiolate ligands are now bromoundecanethiol and 25% 

remain dodecanethiol.2  

 

	  
Figure 11. Thiol-ligand exchange of bromoundecanethiol on dodecanethiolate gold nanoparticles 
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Azide substitution was subsequently conducted in order to attach an azido group to the 

gold nanoparticles in preparation for the click chemistry reaction. A nucleophilic substitution of 

azide for bromide was achieved by reacting 20-fold excess NaN3 with bromoundecanethiol gold 

nanoparticles (Figure 12). The resulting nanoparticles were characterized by 1H NMR 

spectroscopy (Figure 13). The appearance of a peak at 3.41 ppm characteristic of the CH2-N3 

protons is very close to the peak reported in the literature (3.26 ppm), suggesting our azide 

substitution was successful. 

 

	  
Figure 12. Azide substitution on bromoundecanethiol gold nanoparticles 

 
The size of the azidoundecanethiolate-gold nanoparticles was then measured with 

dynamic light scattering (Zetasizer Nano Series, Nano ZS, Malvern Instruments) at UMass 

Medical School (Han Lab, Biochemistry and Molecular Pharmacology Department). The results 

show the modified nanoparticles to be 21.37 ± 3.28 nm in diameter (Figure 14). This is an 

unexpectedly large increase in size from the 2.8 nm dodecanethiolate gold nanoparticles due to 

the addition of the azido group alone. Such a large increase in size suggests that mild aggregation 

of the azidoundecanethiolate gold nanoparticles occurred. While any aggregation is not ideal, the 

fact that the slightly aggregated azido-gold nanoparticles are still only 21 nm suggests that our 

final conjugated antibody-nanoparticle product will still be in the ideal size range of 10-100 nm 

for natural accumulation in the tumor.19 Therefore, the azidoundecanethiolate appear to be in 

acceptable condition to proceed to the click chemistry reaction despite the mild amount of 

aggregation. 
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Figure 14. Size distribution of azideoundecanethiolate gold nanoparticles. Size peak 21.37 ± 3.28 nm. Measured with 
using a Zetasizer Nano ZS in chloroform at UMass Medical School (Han Lab, Biochemistry and Molecular 
Pharmacology Department). 

ppm	  
Figure 13. 1H NMR spectrum of azideoundecanethiolate-AuNPs in CDCl3 (δ ppm). 1H NMR Bruker 400 
Ultrashield spectrometer  
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3.3   Cytotoxicity of Dodecanethiolate and Azidoundecanthiolate Gold Nanoparticles 

 The cytotoxicity of the nanoparticles on cells was assessed in vitro using a cell counting 

kit-8 (CCK-8). The CCK-8 test was chosen because it is fast, inexpensive, and doesn’t have a 

toxic effect on the cells so it can be used to measure cell viability over multiple time points. In 

this assay, the cells are incubated with water-soluble tetrazolium salt for 4 h, in which the salt is 

reduced by dehydrogenase activity in any living cell to produce a yellow formazan dye product. 

The yellow dye changes the color of the solution so that absorbance (450 nm) of each well can 

subsequently be assessed as a measure of cell viability, since the absorbance of the well is 

directly proportional to the number of living cells. 

The most difficult aspect of conducting the test was the cell culture aspect. Homo sapiens 

lung carcinoma cells (NCI-H2170) were used throughout the thesis in anticipation of possibly 

having time to conduct a phagocytosis assay with our final product to assess its ability to induce 

phagocytosis of cancer cells by macrophages. We wanted to have the necessary cancer cells 

ready in case we had enough time to perform such assay by the end of the year, and since the 

cytotoxicity assays can be conducted on any type of cell we used this opportunity to begin 

culturing a lung cancer cell line. This cell line was somewhat difficult to culture, as it requires a 

high minimum confluence in order to grow, but once reached grows to maximum confluence 

extremely quickly (60 h). It took a number of weeks and close calls of almost losing the cells due 

to the confluence of the cells being too high or too low before we were able to perfect the timing 

and ratio of how to split the cells. Furthermore, we experienced multiple incubator mechanical 

problems that caused long delays as they were being fixed. The entire month of January was 

spent growing and freezing back numerous vials of cells so that we would never run out of 

available cells regardless of what unexpected technical issues we experienced. This proved very 

useful in the spring, as we had to thaw vials of frozen cells multiple times after losing cells 

because of incubator complications and bacterial contamination. 
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 The dodecanethiolate and azidoundecanthiolate gold nanoparticles showed no significant 

toxic effect on cells in vitro (Figure 15). The fact that there was no observed toxic effect suggests 

that these nanoparticles are a viable option to be used for the directed delivery of anti-CD47 

antibody. The error bars are quite large for this experiment suggesting it would be ideally 

repeated in the future, the lack of toxicity is substantiated by numerous reports in the literature 

suggesting gold nanoparticles have low cytotoxicity both in vitro and in vivo.54-56 

 

Figure 15. Cytotoxicity of dodecanethiolate and azidoundecanthiolate gold nanoparticles in vitro. Cell viability measured using cell 
counting kit-8 according to manufacturer’s protocol (Dojindo). Homo sapiens lung carcinoma cells (NCI-H2170). 
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3.4   Thiol-PEG-Azide Nanoparticle Modification and Antibody Functionalization50,51 

While preparing the gold nanoparticles for the click chemistry reaction, we found that the 

azidoundecanethiolate gold nanoparticles were not water-soluble. The protocol we had followed 

to modify the nanoparticles with the azide group2 conjugated compounds soluble in organic 

solvents to the gold nanoparticles and thus were not concerned with the nanoparticles water-

solubility. Our goal, however, is to conjugate antibodies to the nanoparticles, which cannot be 

delivered in an organic solvent. Therefore, we went back to the literature to find an approach to 

make our azideoundecanethiolate gold nanoparticles water-soluble. We found a new method that 

utilizes a thiol-ligand substitution of thiol-PEG-azide (Quanta Biodesign) with our synthesized 

dodecanethiolate gold nanoparticles to produce water soluble nanoparticles that contain an azide 

group (Figure 16).50,51 No NMR spectroscopy was needed to confirm a successful thiol-ligand 

substitution as the fact that the nanoparticles became water-soluble is sufficient to demonstrate 

that the exchange was successful. 

 

Anti-CD47 antibody was functionalized in preparation for the click chemistry reaction by 

the attachment of an alkyne following established methods in the literature.50,51 The propargyl-

dPEG-NHS ester reacts with amines found in the structure of the antibody to attach the alkyne 

(Figure 17). A potential problem is that there are a number of amine groups as part of the 

Figure 16. Thiol-PEG-Azide modification of gold nanoparticles for water solubility. 
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structure of an antibody (Figure 18) and this conjugation method does not allow for control over 

which amine the alkyne attaches.57 Therefore, it is possible the alkyne could attach to part of the 

Fab region of the antibody in such a position that subsequent conjugation of a gold nanoparticle 

could place the nanoparticle in a position blocking the antigen-binding site, rendering the 

antibody ineffective in binding CD47 protein.  

 

 

This is a consideration to take into account when accessing the therapeutic effect of the 

final anti-CD47-nanoparticle product in the future if it is found that our final product is less 

effective in binding CD47 than the antibody alone. If this is the case then new experimental 

methods for attaching the alkyne to the antibody could be utilized.58 However, numerous studies 

have utilized the propargyl-dPEG-NHS ester in reaction with antibodies and have not reported 

any detrimental effects to the utility of the antibody.3,4 

 

 

 

 

	  
	  
	  
	  
	  
	  

Figure 18. Amine groups part of antibody structure.57 Propargyl-dPEG-NHS ester compound reacts with any 
amine group during antibody functionalization with alkyne for click chemistry.  

Figure 17. Functionalization of anti-CD47 antibody with propargyl-dPEG-NHS ester. 
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3.5   Conjugation of anti-CD47 antibodies to gold nanoparticles via click chemistry2-4 

 Alkyne-functionalized anti-CD47 antibodies were conjugated to azidoundecanethiolate-

gold nanoparticles via click chemistry.2-4 Click chemistry is the cycloaddition of an alkyne with 

an azide group in the presence of copper catalyst to form a 1,4-disubstituted-1,2,3-triazole.49 This 

reaction is very useful for antibody-nanoparticle conjugation, as the alkyne and azide groups can 

be attached to the antibody and nanoparticle respectively, and then very efficiently “clicked” 

together to form a strong, stable covalent linkage (Figure 19).49  

 

 

An ELISA assay was conducted to assess the efficacy of the conjugation. An ELISA 

assay detects the presence of antibodies by relying on the specificity of the antibody-antigen 

interaction between the desired antibody to be tested and its antigen immobilized to a solid 

surface. A secondary antibody linked to an enzyme is added so that it binds to any of the antigen-

bound primary antibody present after washing away unattached primary antibody. The 

subsequent addition of a compound that produces a colored product when reacted with the 

enzyme can be used as a measure of how much primary antibody is present in solution. The more 

primary antibody present, then the more secondary antibody-bound enzyme remains in solution 

to produce the colored product. Thus, higher absorbance measurements indicate the presence of a 

larger quantity of the primary antibody. The results fail to suggest that the conjugation was 

successful, although there was an insignificant increase in absorbance of the wells treated with 

the click chemistry reaction solution over a negative control with no anti-CD47 present (Figure 

20). A two-tailed T-Test found the increase in absorbance to be insignificant (p > 0.05).  

Figure 19. Click chemistry of alkyne-antibodies with azido-gold nanoparticles. 
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The insignificant increase in absorbance could be caused by (1) the low amount of final 

product produced or (2) the spatial conjugation of the nanoparticles on the antibody. Given 

budget constraints and the fact that we were developing this protocol for the first time, we made 

a very small amount of the final anti-CD47-nanoparticle conjugated product. The ELISA assay is 

a concentration dependent test, which measures the overall amount of anti-CD47 antibody in 

each well. Since we had so little of our final product, which was further spread over three wells 

to perform the test in triplicate, the only slight increase in absorbance could be due to the fact 

that there was a very small amount of final product in each test well. Another possible 

explanation could be due to the fact that the conjugation method does not allow us to control 

which part of the antibody the nanoparticles attach. It is possible that a number of nanoparticles 

attached to the Fc region of the antibodies, which would effectively block the binding of the 

secondary antibody during the ELISA test (Figure 18). Therefore, there may in fact be more 

successfully conjugated final product than is registering in the ELISA assay because the spatial 

location of the nanoparticles is blocking the secondary antibody from binding. If increasing the 

Figure 20. ELISA of click chemistry conjugation of anti-CD47 antibody to gold nanoparticles. Measured with 
Express ELISA kit (mouse) according to manufacturer’s protocol. Recombinant human CD47 used as antigen. 
Anti-CD47-AuNP displays insignificantly higher absorbance than control of no antibody (p < 0.05) (n=1) 
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amount of final product added to future ELISA assays does not produce a significant result, then 

other methods for testing for the presence of the antibody that would not be affected by the 

spatial location of the nanoparticles should be considered.59 

 

3.6   Cytotoxicity of Anti-CD47-AuNP Conjugated Final Product 

 The cytotoxicity of anti-CD47-AuNP on cells in vitro was assessed using a CCK-8 assay 

following the manufacturer’s protocol (Dojindo). The anti-CD47-gold nanoparticles did not 

show any significant toxic effect on the cells (Figure 21). The fact that the anti-CD47-AuNP 

final product shows no toxicity to cells on its own suggests that it is a viable cancer therapy 

candidate and should be further tested for its therapeutic effect in inducing phagocytosis of 

cancer cells by macrophages. A surprising result of this CCK-8 assay is that the cells treated with 

thiol-PEG-azide gold nanoparticles showed much higher cell growth over the 72 h study than the 

control group (Figure 21). This would suggest that the PEG-nanoparticles promote cell 

proliferation, which is a very surprising result with no supporting evidence in the literature. 

Further work should be conducted to investigate if this result is an anomaly or a reproducible 

characteristic of thiol-PEG-azide gold nanoparticles.  

Figure 21. Cytotoxicity of thiol-PEG-azide gold nanoparticles and anti-CD47-AuNP in vitro. Cell viability measured using cell 
counting kit-8 according to manufacturer’s protocol (Dojindo). Homo sapiens lung carcinoma cells (NCI-H2170). (n=1) 
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3.7   Future Direction 

 In this study we fail to show significant evidence for the successful conjugation of anti-

CD47 antibody to gold nanoparticles via click chemistry. Future studies should be aimed to 

display significant conjugation by (1) increasing amount of anti-CD47 antibody, (2) altering the 

click chemistry protocol, or (3) utilizing an alternative analysis technique to test for the presence 

of antibody that is not dependent on the Fc region of the antibody. Once successful conjugation 

is achieved, future endeavors should be targeted to assess the final product’s therapeutic effect 

on cancer cells in the presence of macrophages. The first step is an in vitro phagocytosis assay.13 

Our hypothesis is that the anti-CD47-AuNP product should show comparable effectiveness in 

inducing phagocytosis of cancer cells as the anti-CD47 antibodies alone. Such test would 

investigate if the conjugation of the antibodies to the nanoparticles inhibits the antibodies in any 

way, such as by blocking the antigen-binding site. Given the number and location of amine 

groups on the structure of the antibody with which the nanoparticles could attach that would not 

cause any detrimental effect to the antigen-binding site (Figure 18), it is unlikely this conjugation 

method would significantly decrease the antibodies effectiveness in binding to CD47 protein, but 

should be studied before proceeding to in vivo studies.  

 If the in vitro assay produces promising results, the next step would be to perform an in 

vivo study to assess the therapeutic effect of anti-CD47-AuNP in a mouse model. We hypothesis 

our final product will show significantly greater effectiveness in treating tumors in vivo than the 

antibody alone because of the directed delivery provided by the nanoparticles. The final 

product’s size will cause it to experience EPR to tumors,19-21 effectively delivering a higher dose 

of the antibody treatment directly to the cancerous cells. Further studies can also be conducted 

into the optimal size of the gold nanoparticles and number of antibodies conjugated to each 

nanoparticle to best maximizes its therapeutic effect.   
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4. Conclusion 
In this study we fail to show significant evidence in support of the successful conjugation 

of anti-CD47 antibody to gold nanoparticles via click chemistry. Dodecanethiolate gold 

nanoparticles were synthesized using the Brust method,1 and characterized by 1H NMR 

spectroscopy and dynamic light scattering. Subsequent bromoundecanethiol exchange was 

conducted,2 followed by an azide substitution to produce azidoundecanethiolate gold 

nanoparticles,2 also characterized by 1H NMR spectroscopy and dynamic light scattering. A 

thiol-PEG-azide substitution was conducted on the dodecanethiolate gold nanoparticles to 

produce water-soluble azido-gold nanoparticles.50,51 An alkyne was attached to anti-CD47 

antibody, followed by click chemistry of the functionalized anti-CD47 antibody to the water-

soluble azido-gold nanoparticles.50,51 The efficacy of the conjugation was investigated by an 

ELISA assay and found to be statistically insignificant (p < 0.05) and the anti-CD47-AuNP 

conjugated product demonstrates no cytotoxic effect on cells in vitro.  

Given anti-CD47 antibody’s demonstrated therapeutic effect on cancer cells in vivo,13 we 

propose the investigation of the therapeutic effect of anti-CD47-AuNP as a cancer therapy agent. 

We hypothesize that given gold nanoparticles’ demonstrated utility as a directed delivery system 

for drugs,15-18 anti-CD47-AuNP will be more effective than the nonspecific anti-CD47 antibody 

treatment alone in inducing phagocytosis of established tumor cells in vivo. 
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