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Anti-Smoking  

VAccine  
May Lead to disease treatMents

written by eMMa Gauthier ’18

Xinyuan “Shawn” Chen 

assistant professor 
of biomedical and 
pharmaceutical sciences
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“The advantage of the laser-based powder delivery 
is that it is painless, needle free and can sustain drug 
or vaccine release over time, which is promising to 
reduce dosing frequency of drugs and systemic side 
effects of vaccines.”

- Xinyuan “Shawn” Chen

In a not-so-far-off future, liquid 
drugs and hypodermic needles 
could be obsolete. Xinyuan “Shawn” 
Chen, assistant professor of 
biomedical and pharmaceutical 
sciences at the University of 
Rhode Island (URI), is developing 
technology to administer drug 
therapies through the skin using 
powdered medication and a 
microscopic laser. 

The bulk of Chen’s research focuses on an alternative 
cessation method for the millions of people who are 
trying to quit smoking. Chen notes that less than 10 
percent of people trying to quit fully kick the habit. With 
the help of his laser-based powder delivery system, 
Chen is working to improve nicotine vaccine efficacy to 
help people put down cigarettes for good. 

“The nicotine vaccine is an emerging promising 
therapy to treat nicotine addiction,” Chen says. 

Typically, medication-based therapy blocks nicotine 
binding to its receptors inside the brain, whereas Chen’s 
nicotine vaccine stimulates anti-nicotine antibodies to 
prevent nicotine entry into the brain. 

“There are several clinical trials proving that if a 
high anti-nicotine antibody titer develops in patients, 
those patients tend to have a higher abstinence rate as 
compared to a placebo,” he says. “However, only 30 

percent of smokers were able to develop such a high 
anti-nicotine antibody titer.” 

An obstacle Chen had to overcome is how to boost 
anti-nicotine antibody production. A common approach 
is to incorporate vaccine adjuvants and further deliver 
them into the highly immunogenic skin tissue. Yet, 
injecting vaccine/adjuvants often induces significant 
skin reactions, as exemplified by skin injection of the 
tuberculosis bacille Calmette-Guerin (BCG) vaccine. This 
is where Chen’s microscopic laser comes in. 

He uses a non-traditional patch to administer 
adjuvant-admixed vaccine with the help of the 
microscopic laser. It’s a two-step process. First, the 
focused high-energy laser makes small incisions to form 
microchannels in the skin surface. Then a patch the 
size of a dime coated with vaccine powder is topically 
applied onto laser-treated skin. Within hours, the vaccine 
dissolves into the skin through the microchannel. 

“When comparing hypodermic needle-based 
skin injection to the laser and patch procedure, the 
advantages are clear,” Chen says. 

Injection of entire vaccine doses into a single spot 
can cause side effects, such as red and swollen skin. 
This does not occur when utilizing skin microchannels. 
Instead of one injection site, the laser creates hundreds 
of tiny channels to allow vaccines to pass through. 
This way the body can minimize reactions to vaccines, 
and heal the microchannels more rapidly than a needle 
injection. 

The concept of using a nicotine vaccine for smoking 
cessation has existed for 20 to 30 years, but Chen is the 
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first to combine it with a novel transdermal delivery to 
improve efficacy. In his lab on URI’s Kingston Campus, 
he is developing this research with one postdoc, two 
doctoral and two undergraduate students. 

Chen’s research is not limited to anti-smoking 
vaccines. His methods can be utilized for other vaccines 
or medications for disease treatment. 

The thought of laser incisions may sound daunting 
to some people. But because the microchannel is less 
than 100 micrometers in diameter and 200 micrometers 
in depth, Chen says the procedure is mostly painless 
for human use. Chen’s lasers are the same as used in 
clinics for procedures such as wrinkle removal, except 
a low-laser energy is used for vaccine and drug delivery 
purposes. 

“The advantage of the laser-based powder delivery 
is that it is painless, needle free and can sustain drug or 
vaccine release over time, which is promising to reduce 
dosing frequency of drugs and systemic side effects of 
vaccines,” Chen says. 

± ± ±

“The nicotine vaccine is an 
emerging promising therapy to 
treat nicotine addiction.” 

- Xinyuan “Shawn” Chen

Additionally, the powder form is more convenient than 
the traditional liquid form. Powdered medications tend 
to have a longer shelf life, smaller packaging size, and 
eliminate human errors during reconstitution processes. 

“When comparing 
hypodermic needle-based 
skin injection to the laser 
and patch procedure, the 
advantages are clear.” 

- Xinyuan “Shawn” Chen

Chen uses a non-traditional patch to administer adjuvant-admixed vaccine with the help of a microscopic laser. 


