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Adam Friedman, MD is Associate Professor 
of Dermatology, Residency Program 
Director, and Director of Translational 
Research in the Department of Dermatology 
at George Washington School of Medicine 
and Health Sciences in Washington, DC. 
Among his multiple research initiatives, he 
has investigated nanotechnology and nitric 

oxide. Co-chair of the Scientific Advisory Board at Nano Biomed, 
Inc., Dr. Friedman discusses the status of NO research to date.

What does the latest research regarding NO and 
acne show? 

Adam Friedman, MD: Nitric oxide (NO) is a potent bioac-
tive diatomic gaseous molecule derived from diet as well as 
from endogenous enzymatic sources that exhibits broad spec-
trum antimicrobial activity and immunomodulatory proper-
ties as well as numerous signaling functions. Why is this so 
important? Antibiotic agents that exert multiple mechanisms 
of antimicrobial action limit pathogens’ ability to develop 
resistance; such drugs are advantageous for this reason. In 
thinking of acne vulgaris, a disease for which dermatologists 
frequently use antibacterial dosing of antibiotics for extended 
time periods even in the wake of emerging and established 
multi-drug resistant organisms, identifying active ingredients 
to which bacteria cannot develop resistance is paramount. 
The risk of bacterial resistance to both innate production and 
exogenous delivery of NO is minimized because NO exhibits 
multiple mechanisms of antimicrobial action both by inhibit-
ing cell growth and by directly killing the pathogen.

It has been well known for some time that the bacte-
rium P. acnes that is associated with acne vulgaris is highly 
sensitive to nitric oxide. However, this is only a small piece 
of the puzzle. We now know that there is an inappropri-
ate immune response to this organism, and possibly other 
bystander stimuli, that contribute to the onset of this 
exceedingly common skin disease. It is actually through 

this inflammatory response that the tetracycline class of 
antibiotics is imparting its clinical benefit. Initiation of the 
first line of defense against microbes by the innate immune 
system is often through recognition of pathogen-associated 
molecular patterns (PAMPs) and damage-associated molec-
ular patterns (DAMPs). Although these pathways combat 
infection and prevent foreign invasion, they also result in 
inflammation and tissue injury. The inflammatory response 
to PAMPs and DAMPs is mediated by the inflammasome, a 
caspase 1–activating cytoplasmic complex that induces the 
secretion of crucial proinflammatory cytokines. 

The exact mechanism by which P. acnes exerts its proin-
flammatory activity has been somewhat unclear, though P. 
acnes–induced inflammation has been shown to be medi-
ated by proinflammatory cytokines tumor necrosis factor 
α, IL-1, IL-6, IL-8, and IL-12. Recently it was found that P. 
acnes is a potent trigger of IL-1α generation via activation 
of a specific inflammasome, the Nod-like receptor fam-
ily pyrin domain containing 3 (NLRP3) inflammasome (J 
Invest Dermatol 134:381–8). We therefore sought to bet-
ter understand if and how nitric oxide can influence this 
inflammasome, and found that nitric oxide inhibits multiple 
elements of this inflammasome resulting in inhibition of 
multiple pro-inflammatory cytokines of P. acnes stimulated 
keratinocytes and monocytes (J Invest Dermatol. 2015; 135: 
2723–2731). 

What is still unclear is through what mechanism NO 
exerts this robust anti-inflammatory activity. It is likely both 
NO itself as well as NO-derived products, such as those 
generated through S-nitrosylation. S-nitrosylation is the 
covalent modification of a protein or peptide cysteine thiol 
by an NO group to generate an S-nitrosothiol (SNO) (e.g. 
nitrosoglutathione). In fact, both NO and S-nitrosothiols 
impact the inflammatory cascade. We found that NO gener-
ated from our nanoparticle platform did not suppress gene 
expression of the receptor of this inflammasome, rather it 
impacted its activity which supports the nitrosation theory. 
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Therefore, a technology that can both generate and release 
NO as well as facilitate S-nitrosylation is ideal. This nanopar-
ticle platform does both most likely through the produc-
tion of a dinitrogen trioxide intermediate that is a potent 
S-nitrosating agent even in the absence of oxygen.

What about applications beyond acne? 
Dr. Friedman: The limitation to date with respect to 

the clinical use of nitric oxide has not been the number 
of potential applications, as these are practically limitless. 
Rather, it has been the development of a practical, safe, 
and translatable delivery system for NO, as this extraor-
dinary biomolecule is reactive and short lived under 
physiological conditions. My collaborative group has 
explored many applications for our nitric oxide generating 
nanoplatform well beyond the scope of even dermatol-
ogy ranging from acne to bacterial and fungal skin and 
soft tissue infections to the topical treatment of erectile 
dysfunction and other diseases involving vascular inflam-
mation. Systemic administration of these nanoparticles 
show considerable promise in treating the inflammatory 
cascades associated with hemorrhagic shock and hemor-
rhagic fevers such as seen in Ebola. Table 1 provides a short 
list of disease targets we have and are currently exploring 
with associated relevant publications.

Can you describe NO delivery? Are there different 
approaches to delivery? 

Dr. Friedman: The utilization of nanomaterials in dermatol-
ogy has enumerable benefits but for the sake of brevity I will 
list a few: Nanoscopic carriers can be specifically designed to 

1. have longer resident time on the skin’s surface, releasing 
their payload in a controlled manner to overcome potential 
adverse events associated with higher concentrations or even 
difficult dosing regimens, 

2. target specific structures such as the follicular unit or spe-
cific cell types or receptors as most biological processes occur 
at the nanoscale (think tiny dart going after a big bullseye), 
and 

3. even more importantly, serve as a vehicle through which 
unstable and elusive therapeutically relevant agents or mol-
ecules can be harnessed. 

Nitric oxide (NO) represents one such molecule. While 
there are several NO donating compounds available, some 
even commercially such as the organic nitrates, they all suf-
fer from various set backs ranging from stability to toxicity. 
The main limitation of organic nitrates for example, such as 
nitroglycerin, is decreased efficacy with prolonged continu-
ous use; a so-called ‘nitrate tolerance.’ Nanotechnology has 
been utilized to deliver some of the newer NO donors, such 
as diazeniumdiolates, as a means of stabilizing the donor 
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chemical entity and making said donor less toxic. Therefore, 
nanotechnology here is more allowing for the delivery of an 
NO donor that would otherwise not be clinically translat-
able. The nanoparticle platform on which I work (desig-
nated NO-nps) is unique in that it actually generates nitric 
oxide from it’s precursor, sodium nitrite, and this process is 
dependent on a unique chemistry afforded by the makeup 
of the nanoparticle in which it is encapsulated. The rich 
hydrogen bonded matrix and anhydrous environment that 
comprises these nanoparticles facilitates the formation of 
N2O3, a potent S-nitrosating agent and NO donor which 
when exposed to water, will spontaneously generate NO. 
Therefore, the NO remains trapped in the matrix when dry, 
permitting easy storage, but upon exposure to an aqueous 
environment, the NO-nps swell and release the encapsulat-
ed NO. The quantity and rate of NO release is controlled by 
modifying various steps in the nanoparticle synthesis, mak-
ing it a highly malleable and versatile system for numerous 
clinical applications.

What should dermatologists watch for in acne 
therapeutics in 2016?

Dr. Friedman: I think dermatologists overall are tired of 
the acne armament redundancy. While unique vehicles now 
allow for the topical delivery of previously incompatible 
drugs such as benzoyl peroxide and adapalene, or even sim-
pler, enable the topical delivery of a drug for which systemic 
administration is not warranted, such as dapsone, we crave 
new active ingredients entirely resulting from cutting edge 
investigations into the biological underpinnings of acne vul-
garis. Case in point, the history of the biologics in psoriasis 
and now atopic dermatitis underscore this point. There are 
several new AIs coming down the pipeline with new mecha-
nisms of action and biological targets. I may be biased but 
no question NO will a much larger role to play in dermatol-
ogy and medicine overall then acne vulgaris, and this poten-
tial will be realized through nanotechnology.

M. Joyce Rico, MD, MBA is Chief Medical 
Officer at Novan Therapeutics, headquar-
tered in Durham, NC. Here she gives her 
take on NO research and provides updates 
on Novan’s topical drug candidates.

What is the rationale for nitric oxide as an anti-
inflammatory or anti-infective agent and specifi-
cally an anti-acne agent?

Dr. Rico: We know nitric oxide to be a powerful anti-
microbial agent that has a low propensity for the develop-

ment of resistance. Novan has demonstrated in in vitro and 
clinical studies that the drug candidate SB204 can kill P. 
acnes. As a dermatologist, I’m excited about opportunity to 
have a new topical anti-acne drug that targets P. acnes with 
a low likelihood of developing resistance.

Nitric oxide’s anti-inflammatory activity is a component 
of the innate immune response. For example, Drs. Adam 
Friedman and Jenny Kim recently published that nitric 
oxide inhibits activation of the NRLP-3 inflammasome, a key 
component of the inflammatory cascade in acne and many 
other disorders (J Invest Dermatol, 2015). 

Could you briefly summarize the data for SB204 
and highlight what strikes you in the data so far?

Dr. Rico: In Novan’s Phase 2b study, SB204 demonstrat-
ed statistically significant reductions in the percent change 
of non-inflammatory and inflammatory lesions at Week 
12 with all doses of SB204 compared to Vehicle. SB204 
demonstrated excellent cutaneous tolerability with no 
treatment-related serious adverse events in over 400 dosed 
subjects to date. 

What should clinicians look for in the next round 
of trials? What is important to demonstrate or 
learn at this point? 

Dr. Rico: Novan is starting Phase 3 clinical trials with once 
daily SB204 in acne subjects ages nine through 40 during 
the first quarter of 2016. These studies aim to confirm the 
significant and rapid reduction of acne lesions and excel-
lent cutaneous tolerability profile seen in Phase 2. This will 
reinforce Novan’s ability to deliver topical nitric oxide to 
targeted locations. 

Are there any emerging misconceptions?
Dr. Rico: Up until now, the challenge faced with a nitric 

oxide product is the ability to stably store and safely deliver 
therapeutic quantities of nitric oxide. The Novan technol-
ogy can store and release more nitric oxide than any other 
topical nitric oxide delivery system. The Phase 2 results from 
the acne program validate our platform and prove our abil-
ity to deliver therapeutic levels of nitric oxide for additional 
indications.

 
What's the status of Nitricil and what can we 
expect to see next in terms of its development?

Dr. Rico: In addition to our acne program, Novan is con-
ducting a Phase 2 study with SB206 in subjects with external 
genital warts/perianal warts and expects top line results in 
the third quarter of 2016. We also plan to initiate a Phase 
2 clinical program in onychomycosis with SB208 in the first 
half of 2016. n


