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  Two of the techniques, the 
“nanodaisy” and “nano-cocoon,” feature 
bio-inspired delivery vehicles, meaning 
they’re shaped or functionalized like 
objects that already exist in nature. While 
not bio-inspired, the third technique, 
called the “flying carpet,” still takes 
a familiar form, traveling through the 
bloodstream like a nanoscale magic 
carpet. 
  “using these nanosystems to 
treat cancer is an emerging and very 
promising area of research,” says Gu. 
“it’s enhancing the efficiency of killing 
cancer cells.” Through different methods, 
Gu explains, all three techniques work 
to achieve the same goal — carry a large 
drug load, target the tumor site and 
release it quickly once inside the cancer 
cell, in a “programmed” fashion. 

DR. zHEN GU’S 

RESEARCH SHOWS 

PROMISE FOR 

TREATING 

MALIGNANT 

TUMORS

Dr. Zhen Gu, assistant 
professor in the 
Joint NC State/uNC 

Department of Biomedical 
Engineering, is conducting 
nanoscale research with 
enormous potential. 
  Gu is developing 
anticancer drug delivery 
systems that respond to 
the unique environment 
within malignant 
tumors. Combining 
biomaterials design 
and biomacromolecular 
engineering, Gu’s research 
team has created three 
“on-demand” drug delivery 
techniques specifically 
targeting cancer cells. 
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DR. zHEN GU, RIGHT, IS DEVELOPING NEW TECHNIqUES TO ATTACK CANCER CELLS.
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  The nano-cocoon’s surface is dotted 
with folic acid ligands. As the cocoon 
approaches a cancer cell, these ligands 
bind the cocoon to the cell’s surface 
receptors, causing the cell to suck the 
cocoon inside. once inside, the cancer 
cell’s acidic environment destroys the 
polymer cloaking the DNase, allowing 
the DNase to quickly chew through the 
cocoon, releasing DoX into the cancer 
cell and destroying it. 

  Because this technique is DNA-
based, it is less toxic to patients than 
systems that use synthetic materials. 
Since the cocoon uses self-assembling 
DNA techniques, it is relatively easy 
to manufacture. Gu believes this 
biocompatible delivery system holds 
promise for administering a variety of 
drugs targeting not only cancer but 
other ailments including diabetes and 
inflammation.

fLYING CarPet

  in the third technique, researchers 
attach two drugs, TrAiL and DoX, onto 
graphene “flying carpets” — flat sheets 
of carbon only one atom thick. TrAiL is 
bound to the surface of the graphene by 
a chain of amino acids called peptides, 
and is most effective when delivered 
to the external membrane of a cancer 
cell. DoX is tethered to the graphene 
because of similarities in their molecular 
structure and is most powerful when 
delivered to the cell’s nucleus. 
  As the flying carpet contacts a cancer 
cell, cell surface receptors attach to the 
TrAiL. Meanwhile, enzymes on the 
cancer cell’s surface cut through the 
peptides connecting the TrAiL and the 

graphene sheet. This allows the cell to 
absorb the DoX-heavy graphene and 
leaves the TrAiL on the surface, where 
it begins killing the cell. 
  once the cell absorbs the flying 
carpet, the acidic environment inside 
the cell disconnects the DoX from the 
graphene, freeing DoX to attack the 
nucleus. The flying carpet technique is 
so effective because of this sequential 
“one-two punch,” with each drug hitting 
a cancer cell where it will do the most 
damage.

INterDIsCIPLINarY researCH

  in Gu’s lab, the professor and his 
students integrate knowledge from 
multiple disciplines to make strides 
in cancer, diabetes and regenerative 
medicine research. 
  “Not only do we have students 
from bioengineering, but also from 
chemistry, pharmaceuticals, biology 
and mechanical engineering,” he said. 
“it’s due to this interdisciplinary activity 
that we can more easily, smoothly and 
naturally assemble unique ideas.” 
  Gu and his students are pursuing 
federal grant funding to continue 
their research and push it into clinical 
practice. Through collaborations with 
physicians at uNC-Chapel Hill and 
veterinarians at NC State, the three drug 
delivery techniques are being tested on 
animals that develop cancers that are 
similar to those found in humans. 
  in addition to being a promising area 
for nanosystem applications, cancer 
research has a personal connection for 
Gu. After losing his biological father to 
cancer at four months old, and later, 
watching his stepfather suffer from the 
disease, he felt compelled to act. These 
experiences propelled his research 
toward ending cancer, and gave him the 
opportunity to fulfill a personal goal. 
  “Cancer is a horrible thing,” says Gu, 
“i feel really lucky to realize my dream 
through this research.” ■

NaNODaIsIes

  To make the “nanodaisies,” Gu and his 
research team begin with a polyethylene 
glycol (PEG) solution. The PEG arranges 
itself into long strands with shorter 
strands extending from its sides. 
researchers attach the anti-cancer drug 
camptothecin (CPT) onto the shorter 
strands while introducing the anti-cancer 
drug doxorubicin (DoX) into the solution.
  PEG is hydrophilic, meaning it’s 
attracted to water. CPT and DoX are 
hydrophobic, meaning they flee from 
water. This causes the CPT and DoX to 
cluster together in the solution, wrapping 
the PEG around themselves. This 
wrapping action results in a daisy-shaped 
drug “cocktail” only 50 nanometers wide 
that can be injected into cancer patients. 
  once injected, the daisy-shaped 
structures simultaneously drive both 
drugs into cancer cells. Both the CPT 
and DoX attack the cell’s nucleus and, 
combined, are more effective than either 
drug is by itself.
  Gu says that this technique has 
proven much more effective than 
conventional drug-delivery techniques 
at discouraging growth of lung cancer 
tumors in mice and looks promising for 
use against leukemia, breast, prostate 
and other cancers.

NaNO-COCOON 

  The second bio-inspired delivery 
technique is the “nano-cocoon” — a 
single strand of DNA that self-assembles 
into what looks like a cocoon, or a ball 
of string, measuring 150 nanometers 
across.
  Like the nanodaisy, the core of the 
nano-cocoon also carries the drug DoX, 
but it differs in that the cocoon holds a 
protein called DNase at its core. DNase, 
an enzyme that would normally chew 
through the DNA cocoon, is cloaked in 
a thin polymer that protects the cocoon 
from the protein.

“Cancer is a horrible thing ...  
I feel really lucky to realize my 
dream through this research.”

Dr. ZHeN Gu



By January of 
1930, America’s 

Great Depression had 
settled in, draping 
a mourning shroud 
over a decade of 
prosperity. Newlyweds 
worried over house 
payments. Parents 
worried over feeding 
their children.

While Americans were crippled by thoughts of money, 
the average consumer was still spending a sixth of 
their annual income on clothing. Granted, that money 
didn’t buy much. The value of clothing was high. $28, or 
$440 by today’s standards, was a reasonable price for a 
women’s winter coat, which kept closets modest.

Today, the average American spends only 2.5 percent 
of their annual income on clothes but buys 68 garments 
and 7 pairs of shoes each year. Unlike the garments 
of 1930, these are cheaply made items sewn from low 
quality fabric in the workshops of developing nations.

When our cheap garments fall apart, we have to find 
a place to put them. In 2011 alone, the EPA reported 
that around 13.1 million tons of textiles were sent to the 
dump, making up over 5 percent of the total municipal 
solid waste in the U.S.

For Margaret Frey, Graduate Studies Director of Fiber 
Science at Cornell, statistics like these send up a red 
flag. Textiles, even natural ones like cotton, can become 
serious problems at the dump, adding bulk to our 
landfills and keeping organic matter, including the 
fabrics themselves, from decomposing properly.

“Take a look at the fate of things like newspaper, which 
has the same base cellulose molecule as cotton. You’ll 
find reports where people have taken newspapers out 
of landfills years later and still been able to read them,” 
says Frey. “We should expect the same kind of behavior 
from cotton fabric.”

Landfills tend to be anaerobic, or oxygen deficient, 
causing oxygen-needy microbes to flee. Because 
organic materials like cotton need the help of both 
oxygen and microbes to decay, landfills become full of 
half-rotted waste that emits greenhouse gases, including 
methane. Currently, landfills are the third largest source 
of methane emissions nationwide, and the impact of 
methane on climate change is 20 times greater than 
carbon dioxide’s effect.

Unfilling the landfill

The logical way to reduce the impacts of landfills is 
simple — stop relying on them so much. We already 
follow the rules of recycling for paper, plastics and glass.

But what about unwearable clothes?

According to Margaret Frey, one option for diverting 
textiles from the dump may be sending them to 
your compost pile. In a study on the compostability 
of synthetic and natural fibers, Frey and her team 
measured how polyester and cotton fabrics faired over 
three months in an outdoor compost environment. The 
polyester, which is made of the same plastic in a soda 
bottle, showed little change. As Frey explains, although 
polyester may hydrolyze, or break down, slightly, there’s 
no microbe alive that will digest plastic.

The cotton, on the other hand, was far more decom-
posed. Maybe not surprising, but certainly not a given.

In contrast with landfills, compost piles are living 
creatures, and they must be healthy to do their job 
right. Variables like temperature, composition, moisture, 
and size can all affect a compost pile’s health. In colder 
climates, like the northern U.S., summer may be the only 
time it’s warm enough for a pile to be active. Still, the 
cotton fabric tested in Cornell’s frigid temperatures was 
significantly decayed after only three months. According 
to Frey, “Within a year, you would not be able to find 
any recognizable pieces of fabric in the compost.”

It seems then, that warmer climates, like the southern 
U.S., might have a home team advantage in the 
composting game. According to Dominique Bischof, 
Co-founder of Compost Now in Raleigh, N.C., not 
necessarily. Temperature still plays a role, and pile that’s 
too hot is just as bad as pile that’s too cold. Dominique 
and the team at Compost Now are making their living 
developing a pile that’s just right.
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The 
Afterlife 
of Our 
Closets 



Compost Now is a curbside composting service that’s 
changing the way most people think about dirt. People 
often ask, “Why would we want to compost?” For 
Dominique, the answer is obvious. “It’s so convenient 
to believe that when we throw something away, it just 
disappears,” says Bischof. “But 
that’s not true — there’s a behind-
the-scenes impact that’s increasingly 
becoming very visible.”

Compost Now wants to reduce 
this impact by composting organic 
materials, like your old cotton t-shirt. 
Organic materials, as we’ve already 
discovered, don’t like to decay 
in landfills. Maybe less obvious 
though, is how these materials are 
used to make compost.

The “greens and the browns,” as organic materials are 
categorized, make compost piles swoon, but only in 
the right proportions. Achieve a 1 to 2 ratio of greens 
to browns, and you’re on the road to healthy compost. 
“Greens” can be green, like lettuce and grass, but any-
thing that gives off nitrogen as it decomposes, no matter 
its color, is considered a “green.” Things like dead leaves, 
paper, and cotton fabric that provide a carbon source to 
the pile as they decay, all count as “browns.”

Contributing “browns” like cotton tees and wool 
sweaters to your compost pile can be as simple as 
chucking the whole garment into the heap, but this may 
not produce the best results. Cutting the clothes into 
small pieces — the smaller the better — will help them 
assimilate more quickly with the compost.

Once our old t-shirt is composted with the other greens 
and browns, we get a result much greater than the sum of 
its parts — a nutrient rich soil amendment that lawns and 
gardens love. Not only does the compost give us greener 
grass and juicier tomatoes, it’s giving whole communities 
a valuable gift. “Each community has already, locally, the 
means to achieve nutrient rich soil,” says Bischof, soil that 
gets buried when we pile trash on it in a landfill.

Polyester and the rest

By composting our natural textiles instead of throwing 
them in the trash, we’ve contributed to better soil. But 
what about synthetic fibers like polyester? Are they still 
destined for the dump?

While compost piles might be picky eaters, textile 
recycling facilities are not. Paul Bailey, Public Relations 

Lead at Secondary Materials and Recycled Textiles 
(SMART), says 95 percent of all clothing and textiles 
can be recycled. This includes everything from 
polyester to linen, and excludes any wet, moldy, or 
solvent stained fabric, like a rag that’s wiped up paint 

thinner. Recycled textiles can be 
broken down to their composite 
fibers and transformed into other 
products, like housing insulation, or 
remain intact for use as items like 
industrial wiping cloths.

Unfortunately, only 15 percent of 
textiles are currently being diverted 
into the recycling stream, and 85 
percent are being thrown away. For 
SMART, it’s important that people 
begin thinking about textiles as 
recyclable products, just like they do 

metal, glass, plastics, and paper. “People recycle their 
aluminum cans all the time,” says Bailey. “They’ll recycle 
their aluminum cans, and throw away their old t-shirts.”

Currently, around 2 million tons of textiles are recycled 
annually in the U.S. — the environmental equivalent 
of removing 1 million cars from our roads. “And that’s 
without textiles being considered a recyclable product 
by most local governments,” Bailey says. In some 
cities, like Queen Creek Ariz., textile recycling is being 
integrated into curbside recycling services — an exciting 
step forward with potential for national impact if other 
cities followed suit.

Recycling 2 million tons of fabric each year is a great 
start, but there’s room for improvement. We could 
make a more substantial impact if individuals, not just 
municipalities, recycled their textiles. Unknowingly, 
many of us already are.

According to SMART, big-name charities with retail 
components are only able to resell between 20 and 
30 percent of donated clothing. That means 70 to 80 
percent of the clothing we donate is going somewhere 
else entirely — usually to a for-profit clothing recycling 
company. Some clothes will be shipped in bulk to 
developing countries; others will be recycled into new 
products, but happily, none are headed for a landfill.

Ultimately, whether we decide to donate, recycle or 
compost our old clothes, the experts agree — any place 
is better than the dump. •

It’s so convenient to 

believe that when we 

throw something away, 

it just disappears, but 

that’s not true — there’s 

a behind-the-scenes 

impact that’s increasingly 

becoming very visible.


