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Introduction
Inflammatory bowel disease (IBD) embraces Crohn’s disease 

(CD), ulcerative colitis (UC) and the less common  indeterminate 
colitis, all chronic inflammatory processes of the gastrointestinal 
(GI) tract. Together, they cause significant morbidity for a million 
and a half Americans [1].  Symptoms include diarrhea, nausea, 
abdominal pain, weight loss, which can occasionally prove fatal 
(i.e., toxic megacolon, perforated bowel) [2]. Patients are also 
at increased risk for colorectal cancer [3]. First line treatments, 
including various anti-inflammatory agents and antibiotics, 
are variably effective against active disease [4]. Remissions 
can be short-lived and uncontrolled activity is associated 
with significant side-effects [3]. Gut fibrosis will require most 
patients (80% and 45% of CD and UC patients, respectively) to 
undergo surgery [4]. Over the last decade, the so-called biological 
response modifiers or ‘biologics’, macromolecules that target 
inflammatory lymphocytes or the cytokines they produce, 
have emerged as effective therapeutic agents [5].  For example, 
infliximab, a chimeric anti-human tumor necrosis factor (TNF)-α 
antibody earned FDA approval almost 20 years ago, based on a 
high response rate, significant mucosal and fistula healing and 
long-term remissions in both CD and UC. Additional targets of 
biologics, either marketed or in various stages of development, 
include anti-p40, anti-p19, anti-interleukin (IL)-12/23, and anti-
alpha 4/beta 7 integrin antibodies [5, 6]. However, an estimated 
30% of patients will not respond to such treatments, and of those 
who initially respond, 50% will relapse within a year risking 
significant, often serious side effects including infections and 
increased risk of cancer. So far, biologics have had only a modest 
impact on surgery rates [7]. The need for novel therapies remains 
acute.

Literature reports indicate that All trans retinoic acid (ATRA) 
provides benefit in various rodent models of IBD, including 
potential anti-fibrotic activity [8, 9]. Retinoic acid can exist in 
the body as any of five different chemical isomers (all-trans-
RA, 9-cisRA, 13-cisRA, 11-cisRA and 9, 13-dicisRA). ATRA is the 
biologically active isomer and the primary enzymatic product of 

retinaldehyde oxidation. The retinoic acid family regulates a wide 
range of biological processes, including embryonic development, 
reproduction, vision, cell growth and differentiation, as well 
as, apoptosis and inflammation [10]. Topical ATRA is known as 
tretinoin, and is currently marketed under several trade names 
such as Retin-A®, Retin-A Micro®, Atralin®, Renova®, and Avita® 
as FDA approved topical treatment for acne and skin wrinkles. Oral 
formulations, called isotretinoin (Accutane®, Claravis®, Sotret® 
and Amnesteem® and Vesanoid®) can cure severe acne and treat  
acute promyelocytic leukemia (APL), but oral dosing induces 
more severe side effects. Isotretinoin has not been tested in IBD 
clinical trials, perhaps due to the serious side effects associated 
with oral administration, including teratogenicity, suicidality, 
headache, dizziness, fever, weakness, tiredness, dry mouth, dry 
skin, other skin changes, thinning hair, nausea, vomiting, itching, 
bone pain, mouth sores, increased sweating, earaches, and 
perhaps even colitis. Black-box warnings for oral formulations 
have been issued by the FDA because of these serious side effects, 
including retinoic acid syndrome in APL patients. Retinoic acid  
syndrome may manifest  as life threatening upper respiratory tract 
disturbances (dyspnea, respiratory insufficiency, pleural effusion, 
expiratory wheezing and increased susceptibility to pneumonia). 
Its frequency, mechanism and treatment have recently been 
reviewed [11]. Efforts to circumvent toxicities by tissue targeted 
administration have included encapsulation in liposomes and 
aerosolization, although none of these have progressed further in 
development or resulted in marketed products [12, 13].

This review begins with an analysis of published studies 
bearing on the efficacy of ATRA as an anti-inflammatory treatment 
for IBD, including in vitro and in vivo work in rodents, as well as 
ex vivo studies using human tissues. Clinical reports about ATRA 
attenuation or induction of IBD will also be reviewed. Efforts to 
deliver ATRA directly to gut tissue to improve activity and reduce 
side effects will then be discussed. Finally, the potential of ATRA 
to treat fibrosis will be considered. If successful, oral delivery of 
ATRA directly to the immune structures of the gut could represent 
a novel IBD therapy with a potential to reduce fibrosis and the 
subsequent need for surgery.
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Efficacy
Chemical colitis models

Retinoic Acid has been tested in chemically induced colitis 
animal models, including murine dextran sulfate sodium (DSS) 
and 2, 4, 6-trinitrobenzene sulfonic acid (TNBS) models. The 
TNBS model utilizes 100  mg/kg TNBS in ethanol administered 
to rodents intra-rectally. Ethanol disrupts the intestinal barrier 
and enables the TNBS to haptenize colon  tissue proteins. A single 
TNBS/ethanol challenge leads to an intense immune cell infiltrate 
into the colonic mucosa and Th1-mediated gut inflammation (see 
Antoniou et al, for review) [14]. In contrast, the dextran sodium 
sulfate (DSS) model, the most widely used experimental colitis 
model, involves administering various concentrations of DSS 
along with drinking water. Ingestion of DSS over several days 
results in a bacterial bloom and a subsequent disruption of the 
intestinal epithelial monolayer lining, allowing entry of enteric 
contents, including luminal bacteria and their antigens, into the 
submucosa and underlying tissue. The resultant increases in local 
cytokines and pro-inflammatory signals (often within 24 hours 
of challenge) follow a Th2-biased response. The model has been 
recently and elegantly reviewed by Eichele and Kharbanda [15].

TNBS-induced colitis

Bai and colleagues, working in Nanchang University in 2009, 
tested ATRA in the murine TNBS-induced colitis model. In their 
studies, animals were treated daily (starting 2 hours after TNBS 
installation) by intraperitoneal injection of 20 µg, 100 µg, or 300 
µg ATRA for 7 days. The group reported dose dependent benefits. 
High dose ATRA treatment reduced mortality (from 5/18 to 
2/18) and spared weight loss (5% vs 15%). Colon inflammation 
was reduced, as evidenced by improvements in colon length 
(~20%) and average histological score (~2.5 vs 3.5) [8]. ATRA 
treatment significantly reduced tissue levels of myeloperoxidase 
(MPO) (~30%), TNF-α (~20%), IL-1 (~50%), and IL-6 (~30%)
compared to untreated controls. Ex vivo results included similar 
effects on lamina propria mononuclear cells (LPMC) cytokine 
production. Pro-inflammatory cytokine (TNF-α, IL-1, IL-17) 
production was decreased while regulatory cytokines, such as 
IL-10 and transforming growth factor (TGF)-β were increased 
compared to untreated animals.

Importantly, ATRA treatment significantly increased (from 
2.8% +/- 0.8% in controls to 4.6% +/- 1.1% in treated animals)
LPMC forkhead box (FOXP)3 expression, a marker for regulatory 
T cells, while IL-17 expression was concomitantly decreased 
(from 8% +/- 1% to 5.2% +/- 1.6%). With respect to mechanism, 
animals treated with LE135, an antagonist of retinoic acid 
receptor (RAR)α experienced opposite effects, and when taken 
together with the ATRA results, support the hypothesis that 
during intestinal inflammation, RARα activation (by ATRA) 
favors Treg function  and inhibits the formation and production 
of pathogenic Th17cells.

The group augmented their findings in rodents with ex vivo 
analysis of colonic mucosal biopsies from 10 ulcerative colitis 

patients and 6 healthy subjects [8]. Tissues were cultured for 
18 hours +/-ATRA (0.1 µM) or LE135 (1 µM). TNF-α levels in 
supernatants were determination by ELISA and FOXP3 and IL-17 
expression quantified by immune histochemistry. Neither FOXP3 
nor IL-17 were expressed in healthy colonic tissues; in contrast, 
a high percentage of LPMC from UC tissues (~16%) expressed 
IL-17, while few LPMC expressed FOXP3 (~3%) [8]. When UC 
specimens were co-cultured with ATRA, FOXP3 expression 
became detectable in ~7.5% of LPMCs, while IL-17 expression 
decreased to detectable in only ~10% of LPMCs. The addition of 
LE135, an antagonist of RARα, to culture medium reversed the 
effects of ATRA. These important observations from human tissue 
suggest that observations from rodent models may translate 
directly to human disease.

DSS-induced colitis

The same group at Nanchang University also tested ATRA in 
the murine DSS model of acute colitis, using BALB/c mice [9]. After 
adding 3% DSS to the drinking water (day 1), either ATRA (0.5 
mg) or the RARα antagonist LE135 (0.1 mg) was administered 
by intraperitoneal injection beginning on day 3. Treatments were 
repeated daily until the mice were euthanized on day 8. ATRA 
significantly prevented weight loss compared to LE135 (~1% vs 
10%) and reduced disease activity by ~50%, as demonstrated 
by longer colon length (~ 20%) and better histological scores (~ 
65%). ATRA treatment also significantly reduced levels of MPO 
(~25%) and TNF-α (~35%) as well as numbers of colonic CD68 
(macrophage marker) and NF-κB positive cells in DSS treated 
mice compared to untreated controls. Once again, addition of 
LE135, an antagonist of RARα produced the opposite effect. 

These animal study findings were then confirmed with cell 
culture. RAW 264.7 cells were pre-treated with vehicle, ATRA 
(100 nM), or LE135 (1 µM) for 1 h, then challenged with LPS (1 
µg/mL) [9]. Phospho-NF-κB p65 (a marker of activation) was 
determined by Western blot after one hour. After 24 hours, TNF-α 
levels were measured in cell supernatants. LPS-stimulated RAW 
264.7 cells exhibited early NF-κB p65 phosphorylation, while 
ATRA exposed cells did not. ATRA suppressed supernatant TNF-α 
levels by ~40%, while LE135 exhibited opposite effects.

Taken together, these results demonstrate that ATRA improves 
DSS-induced colitis, in part by decreasing NF-κB activation in gut 
macrophages.

The TNFΔ ARE mutation model

TNFΔ ARE mice over-produce TNF-α due to deletion of  69 
base pairs within the AU-rich element of the TNF gene. This 
mutation stabilizes TNF mRNA and results in TNF overproduction, 
leading to the development of chronic ileitis by 20 weeks of age, 
as first characterized by Collins and colleagues at the University 
of Colorado in 2011 [16]. This murine model resembles Crohn’s 
disease. A paucity of CD103+ dendritic cells (DC) in draining 
(mesenteric) lymph nodes and gut lamina propria (~50% and 
30%, respectively) characterized the chronic ileal inflammation 
seen at 20 weeks. The importance of this finding relates to the 
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fact that CD103+ DCs act as key moderators of ATRA driven 
tolerance in the gut.

Significant changes in retinaldehyde dehydrogenase (RALDH) 
levels, the enzymatic machinery responsible for gut ATRA 
synthesis, were seen, specifically within the DC population [16]. 
CD103+ DCs, in general, exhibited a three to ten-fold higher 
expression of RALDH2 mRNA compared to CD103- cells from 
both wild type and 4-week-old TNFΔ ARE mice. However, at 
the 20-week mark, while TNFΔ ARE mice were in the throes 
of spontaneous chronic ileal inflammation, their CD103+DC 
expressed ten-fold lower RALDH2 mRNA levels than wild type 
CD103+ DCs. Similar observations were made in lamina propria 
cell RALDH2 and RALDH1. These results suggest that CD103+ 
DC are the main producers of ATRA in the gut, and that chronic 
inflammation in the ileum can initiate a down-regulation of ATRA 
synthesis, coupled with a corresponding reduction intolerogenic 
DC.

As expected, significant increases in TGF- β  (~ 5-fold), IL-17A 
(~ 10-fold), IL-6 (~ 5-fold) and IL-23 (~ 2-fold) mRNA expression 
accompanied the development of spontaneous ileal  inflammation 
in the LP of 20-week-old TNFΔ ARE mice as compared to wild type 
litter mates. A surprising doubling of regulatory T cells observed 
in the spleen, lamina propria, and draining mesenteric lymph 
nodes of inflamed TNFΔ ARE mice, suggested an alternate source 
of ATRA in these animals. While exploring for this alternate 
ATRA source, the researchers found that the RALDH enzymatic 
machinery in the gut of TNFΔ ARE mice produced a near doubling 
of RALDH3 mRNA expression within intestinal epithelial cells.

These observations reveal the interconnection of inflammation 
and ATRA synthesis. During periods of homeostasis, lamina 
propria DC cells self-regulate a toleragenic phenotype with 
intrinsic ATRA synthesis. Either the absence of ATRA or the 
presence of abundant inflammatory cytokines down regulates 
RALDH mRNA expression in the CD103+ DC, reducing the number 
of toleragenic DC.  However, intestinal epithelial cells apparently 
sense local ATRA levels and can up-regulate endogenous ATRA 
synthesis. This conditional manufacture of ATRA confers the 
ability to re-establish levels of intestinal ATRA that can be used by 
regional immune cells to re-establish tolerance, as evidenced by 
the local and regional Treg expansion. This compensatory effect 
does not always appear sufficient to abrogate the overwhelming 
effect of chronic inflammation.

To test the ability of exogenous ATRA to re-establish gut 
tolerance in the context of disease, 20-week-old TNFΔ ARE mice 
were given twice-weekly ATRA injections (300 µg) for two weeks 
[16]. This was followed by histologic and cytometric analysis 
of immune cells from the spleen, mesenteric lymph nodes and 
lamina propria. ATRA supplementation significantly decreased 
markers of both acute (granulocyte infiltration) and chronic 
(monocytic and lymphocytic infiltration) inflammation by about 
50%, compared with vehicle treated controls. Attenuation of 
established ileitis was closely associated with increasing numbers 
of functional CD103+ DCs, a modest (~15%) but significant 

increase in regulatory T cell, and a halving of pathogenic Th17 
cell numbers. Cultured lamina propria leukocytes from treated 
animals showed a highly significant reduction in IL-17 release 
(70%), as well as increases in CD103 expression and functional 
regulatory T cell numbers compared to findings from the vehicle-
treated controls.

The important take-away messages from this work include: 
1. Compensatory up-regulation of epithelial ATRA synthetic 
machinery (RALDH3 enzymes) could not re-establish adequate 
(tolerogenic) concentrations of ATRA in the face of ongoing gut 
inflammation, possibly because of a progressive loss of intestinal 
epithelial cell mass; and 2. ATRA supplementation can ameliorate 
active ileal inflammation, in part by establishing greater 
numbers of functional CD103+ DCs and regulatory T cells, and a 
corresponding reduction in lamina propria inhibition Th17 cells 
and IL-17 production.

ATRA  and IBD Correlates in Human IBD Tissues 
and Controversial Clinical Observations
ATRA in Human Gut Tissues

Besides the observations of Bai and colleagues already 
discussed, additional insight into ATRA effects comes from human 
tissue studies by Sanders and colleagues, working at the London 
School of Medicine and Dentistry in 2014 [17]. They investigated 
potential sources of ATRA in gut tissues from healthy subjects 
and Crohn’s disease (CD) patients. Ileal and colonic tissues were 
collected from ten CD patients undergoing endoscopy or surgery 
and compared with similar tissues from healthy subjects. Cell 
fractions were harvested from these tissue samples and antigen 
presenting cells (APC) isolated by flow cytometry to assess 
their RALDH activity. The group first characterized APCs by 
population markers into myeloid, CD103+, and CD103- dendritic 
cells. Analysis revealed that the RALDH activity was doubled 
and tripled within CD103+ and CD103-myeloid dendritic cells 
(respectively) extracted from CD samples as compared to healthy 
controls. Although ATRA levels were not measured and the CD 
sample size was small, the findings indicate that the capacity to 
generate ATRA is common to multiple APC populations in the 
human intestine. The upregulation of ATRA generating capacity 
in CD patients may reflect a compensatory mechanism like the 
alternate ATRA source found in TNFΔ ARE mice in the context 
of chronic intestinal inflammation. Again, despite positive effects 
on toleragenic CD103+ dendritic cells, RALDH activity appeared 
insufficient to attenuate disease, or may have even provided ATRA 
for the differentiation of pro-inflammatory gut macrophages that 
might have increased intestinal inflammation.

Clinical Controversy 

While the preponderance of in vivo, ex vivo and in vitro 
evidence from the animal models indicate potential benefits 
of ATRA supplementation, clinical observations add a layer of 
complexity to the role of ATRA in intestinal inflammation. Initial 
clinical observations suggested that ATRA treatments might 
have triggered cases of new onset UC [18, 19]. In 2006, Reddy 
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and colleagues, working at the University of Chicago, analyzed 
all reports filed with the Food and Drug Administration (FDA) 
regarding ATRA and ulcerative colitis. Using the Naranjo adverse 
drug reaction (ADR) probability scale, they reported that 4 cases 
(5%) scored in the “highly probable” range for isotretinoin as the 
cause of IBD, 58 cases (68%) were “probable,” 23 cases (27%) 
were “possible,” and no cases were “doubtful” [18]. Since then, 
several epidemiologic studies from multiple countries have 
reported conflicting outcomes regarding the association between 
use of isotretinoin and IBD. Some studies, like the publication 
from Crockett and colleagues out of the University of North 
Carolina at Chapel Hill in 2010, reported that ulcerative colitis 
was strongly associated with prior isotretinoin exposure but 
found no association between isotretinoin exposure and Crohn’s 
disease. Others, like the 2013 publication of Alhusayna and 
colleagues from The University of Toronto, found no association, 
while yet another reported a potential protective effect [20, 21].

Interestingly, in 2013, Stobaugh and colleagues, at the North 
Shore University Health System of Illinois, analyzed a total of 
2,214 IBD cases allegedly resulting from isotretinoin filed with 
the Food and Drug Administration Adverse Event Reporting 
System (FAERS) between 2003 and 2011 [22]. Attorneys reported 
1944 (87.8%) cases whereas physicians reported 132 (6.0%) and 
consumers reported 112 (5.1%). While report accuracy was not 
ascertained, the authors noted that for the entire FAERS, only 3.6% 
of all reports (2, 451, 314) for all other drug reactions submitted 
during the same timeperiod were filed by attorneys. Their analysis 
indicated a clear distortion of the background reporting rate, and 
they concluded that the submission of attorney-initiated reports 
artificially inflated the pharmacovigilance signal of isotretinoin-
associated IBD.

This controversy was thoroughly reviewed by Steven S. 
Coughlin of Emory University in 2015, who concluded that results 
from the several epidemiologic studies that were completed as of 
his writing, did not support an association between isotretinoin 
use and any increased risk of inflammatory bowel disease [23]. 
No clear evidence of a causal link could be found. Since the 
Coughlin review, another large meta-analysis, published by 
Lee and colleagues working at the University of Missouri, also 
concluded that isotretinoin exposure was associated with neither 
ulcerative colitis nor Crohn’s disease [24].

Most observations from tissue culture, clinical experience 
and epidemiologic data pertaining to isotretinoin exposure all 
argue against the likelihood that exogenous ATRA exacerbates 
or induces IBD. While the absence of harm cannot be seen as a 
proof of benefit, preclinical work in rodents and one published 
epidemiological study suggest that ATRA might provide benefit 
to IBD patients, although none of the clinical studies mentioned 
were designed to detect a benefit in IBD [21]. The clinical utility 
of exogenous ATRA as an IBD treatment remains to be tested.

ATRA Potential to Treat IBD

This begs the question of whether ATRA has the potential to 
treat IBD. Isotretinoin is prescribed over a wide range of dosages. 

Acne is treated with 0.5 to 1.0 mg/kg/day, given in two divided 
doses with food for 15 to 20 weeks. Allometric scaling of effective 
doses (300 µg) from rodent IBD models predict that up to 10-
fold higher doses could be required for effective treatment of 
IBD compared to doses given for acne, putting patients at a 
prohibitively high risk for serious, potentially life-threatening 
side effects. Since systemic exposure to levels of ATRA predicted 
to be efficacious for IBD entail unacceptable  risks, efforts to 
translate the immunological benefits of ATRA to IBD patients 
must focus on formulations such that the active ingredient is 
delivered directly to the disease microenvironment and/or gut 
immune structures.

Encapsulation 

One promising approach entails the oral administration of 
ATRA-loaded micro-particles. Efforts to encapsulate ATRA have 
included various chitooligosaccharide ride formulations, as well 
as, poly (lactic-co-glycolic acid) (PLGA) based particles [25, 26]. 
PLGA encapsulated ATRA particles are of particular interest since 
they have been tested in vitro and in vivo in rodent IBD models 
[27, 28].

Activity in vitro

Capurso and colleagues working at Yale University in 2010 
reported the development of a PLGA-based particulate drug 
delivery platform capable of encapsulating and releasing ATRA 
in vitro [27]. They described a single emulsion nano-particle 
fabrication technique that produced nano-sized droplets of 
dichloromethane (DCM) containing dissolved PLGA and ATRA. 
Evaporation of DCM, washing and lyophilization yielded spherical 
PLGA particles with ATRA molecules entrapped in the polymer 
matrix. Observation via electron microscopy revealed smooth-
surfaced, spherical particles of roughly similar size (~ 0.25 µM) 
loaded with 2-3 µg/ATRA per mg PLGA. The in vitro ATRA release 
curve was biphasic, with an initial burst during the first 48 hours 
followed by slower, steady release over at least 5 days.

The particles were then tested, along with soluble ATRA, for 
in vitro activity. Th17, regulatory, and naïve T cells (control) were 
generated from CD4+ murine splenocyte along with exposure 
to soluble or particulate ATRA, or to blank (i.e., unloaded) 
particles. In some experiments, Th17 cells were cultured with 
3T3 fibroblasts to mimic the in vivo IL-6 driven positive feedback 
cycle favoring the development of more Th17 cells. Compared 
to blank particles, soluble and particulate ATRA abrogated IL-
17 and IFNγ production from Th17 cells. ATRA treatment also 
decreased intracellular expression of IL-17 (66%) and the key 
Th17 transcription factor RORγ (33-50%). ATRA also enhanced 
the development of the regulatory T cell phenotype, both in 
terms of FOXp3 expression (about 4-fold) and IL-10 production 
(about 6-fold). Both soluble and particulate ATRA abrogated IL-
17 dependent IL-6 production by fibroblasts. These effects were 
generally dose dependent, although the greatest activity was 
observed at the highest (10 nM) dose. Soluble and particulate 
ATRA behaved similarly with comparable potency. This work 
demonstrates that ATRA released from PLGA encapsulation, at 

http://dx.doi.org/10.15226/2374-815X/6/3/001126


Page 5 of 8Citation: Auci DL, Egilmez NK, Dryden  GW (2018) Anti-Fibrotic Potential of All Trans Retinoic Acid in Inflammatory Bowel Disease. 
Gastroenterol Pancreatol Liver Disord 6(3): 1-8. DOI: 10.15226/2374-815X/6/3/001126

Anti-Fibrotic Potential of All Trans Retinoic Acid in Inflammatory Bowel Disease Copyright: 
© 2018 Auci DL, et al.

least in vitro, performs as expected in terms of immunological 
bioactivity. More specifically, this data suggests that in the context 
of IBD, ATRA could theoretically provide a benefit, especially if 
delivered directly to the immune structures of the gut.

Activity in vivo

Conway and colleagues, working in 2015 at Therapy X, a small, 
Buffalo New York based biotechnology company, reported on the 
clinical development of very similar PLGA-based particulate ATRA 
as a potential treatment for IBD [28]. The group is developing a 
combinatorial particulate product (TreXTAM) containing both 
the key regulatory cytokine TGF-β  and ATRA in a 1:2 w/w ratio. 
In this study, TGF-β was encapsulated in poly-lactic acid (PLA) 
microspheres manufactured using a proprietary encapsulation 
(EXSTaM) technology [29]. ATRA was encapsulated in poly-lactic-
co-glycolic acid microspheres manufactured using the solvent 
evaporation technique [30]. While PLA formulations are better 
suited to preserve the structural integrity and biological activity 
of large proteins, both particle types are ideally suited for oral 
delivery, achieving local, sustained release of drug product to the 
gut over extended periods [31].

While the Buffalo group reported TreXTAM activity in both 
the DSS and the SCID mouse adoptive CD4+ CD25- T-cell transfer 
model of IBD, particulate ATRA was tested only in the transfer 
model, a model which recapitulates many of the pathological cell-
mediated immune responses associated with Crohn’s disease 
[28]. The group reported that thrice weekly (for two weeks) 
oral treatment with 20 mg particles (20 µg ATRA) beginning at 
disease onset, ameliorated weight loss, significantly reduced 
histologic evidence of colitis (~40%), colon shortening (~15%) 
and dramatically reduced serum amyloid A levels by 75%. While 
the combination generally performed better, the activity of 
particulate ATRA alone in this challenging onset model, was still 
broadly significant.

Importantly, the group also performed initial toxic kinetic 
studies in rats and found only small amounts of ATRA (Cmax~20 
ng/mL) in the blood within an hour of oral treatment (Figure 
1). Levels rapidly declined with a t1/2 of 143 min (Table 1). A 
subsequent GLP 28-day repeat dosing toxicity study in rats 
indicated a NOAEL greater than doses predicted to be efficacious 
(data not shown). While these PK results are preliminary, when 
combined with other observations, they indicate that low systemic 
ATRA exposure after oral ingestion of particulate material may be 
related to an initial burst on rehydration (as noted by Capurso 
and colleagues and confirmed by the group at Buffalo), and that 
particles remaining in gut tissues release ATRA directly into 
tissue, slowly, over days, with minimal systemic exposure [27].

The in vitro and in vivo observations with PLGA particulate 
ATRA, when taken together, suggest that oral treatment 
can release biologically active ATRA locally, over days, with 
minimal systemic exposure, obviating ATRA side effects while 
delivering efficacious drug doses for controlling inflammation 
in the intestinal tissue and immune structures of the gut. More 

recently, proprietary spray drying methods have been developed 
by Therapy X to consistently produce the large quantities of 
particulate ATRA necessary to conduct clinical studies and 
potential commercialization. This is a unique accomplishment in 
the industry.

Figure 1: Serum pharmacokinetics of ATRA in naive rats dosed 
with encapsulated ATRA (18 mg/kg).  Sprague-Dawley rats (6 males, 
6 females; 12 per group) were dosed (2 mL/kg) by oral gavage. Animals 
were bled at each indicated time point after administration of test dose 
and blood processed to serum.  Levels of ATRA were measured by HPLC. 
Data are expressed as ng/mL, +/- standard deviation.

ATRA’s Potential to Treat Fibrosis

Intestinal fibrosis remains one of the most serious 
complications of Crohn’s disease, and to a lesser extent, UC. 
Marked by an excessive deposition of extracellular matrix 
(ECM) by activated mesenchymal cells, it was thought to be an 
irreversible, inevitable consequence of chronic inflammation, 
that, all too often, leads to bowel obstruction and subsequent 
stricture resection. Because of its alarming contribution to 
the morbidity and mortality of IBD, intestinal fibrosis has 
commanded significant attention. Progress on understanding 
mechanisms, clinical management and potential treatments 
for IBD fibrosis has been chronicled over the last 20 years in 
two review articles from the same group, the first published in 
2008 and second, more recently in 2017 [32, 33]. Looking back 
over the last few decades, the group noted that while potent 
anti-inflammatory biologic therapies have revolutionized IBD 
treatment, they have made little impact on fibrosis. This not only 
underscores the urgent unmet medical need for novel therapies, 
but also challenges the view of inflammation as the sole driver of 
gut fibrosis and suggests underlying, inflammation-independent 
self-perpetuating, fibrostenotic processes. Deeper mechanistic 
understanding should reveal novel targets for therapies specific 
to type and degree of intestinal fibrosis in IBD.
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While no report establishes the ability of ATRA to treat IBD 
fibrosis specifically, there is a wide, suggestive literature based 
on the ability of ATRA to limit fibrosis in various other tissues. 
However, a small number of reports also suggest that ATRA might 
enhance ECM production and exacerbate fibrosis both in vitro 
and in vivo. In 2013, this controversial point was reviewed in 
detail by Zhou and colleagues [34]. Along with efforts to elucidate 
mechanism, that body of work strongly suggests that exogenous 
ATRA treatments could be effective at reducing IBD fibrosis. 

Role of ATRA in Organ Fibrosis

The 70-plus publications reviewed by Zhou from the last 
30 years focused on the role of ATRA in liver, lung and kidney 
fibrosis. In the liver, nine different publications reporting thirteen 
separate in vivo and in vitro effects of ATRA on fibrotic processes 
were summarized. Of these, eleven indicated a protective role for 
ATRA against liver fibrosis/extracellular matrix accumulation 
while just two, from the same group, suggested a negative role 
involving the accumulation of ECM in the liver. In lung tissue, 
five different publications reporting seven separate in vivo or 
in vitro effects of ATRA on fibrotic processes were summarized, 
where all seven indicated a protective role for ATRA against 
pulmonary fibrosis and/or extracellular matrix accumulation. 
And finally, in kidney tissue, sixteen different publications 
reporting eighteen separate in vivo or in vitro effects of ATRA on 
fibrotic processes were summarized, with seventeen indicating a 
protective role for ATRA against pulmonary fibrosis/extracellular 
matrix accumulation and only one, a negative role. A summary of 
mechanistic observations showed that ATRA not only effectively 
inhibits the expression of various collagens (III, 1A1,Procollagen 
I) and other pro inflammatory pro-fibrinogenic bio molecules 
(e.g., α-SMA, TNF-α, and IL-6 etc), but also fibrosis overall. 
Therefore, exogenous ATRA would likely play protective roles in 
fibrotic organ diseases via common pathways.

Mechanisms

While the anti-inflammatory activity of ATRA in IBD 
may depend on its ability to attenuate Microbiota induced 
Th17 driven inflammation via a CD103+ dendritic cell driven 
expansion of gut regulatory T cells, a body of evidence also 
suggests the presence of an inflammation-independent, anti-
fibrotic activity [35]. Gut fibrotic mechanisms are based on the 
same mechanisms of exaggerated expansion and activation of 
mesenchymal cells, (fibroblasts, myofibroblasts, and smooth 
muscle cells) with subsequent accumulation of collagen-rich ECM 
seen in other organs [33, 36]. Leakage of enteric flora and other 
luminal components, immune and non-immune cell products 
and processes (e.g., proliferation, epithelial and endothelial 
to mesenchymal and stellate cell transition, migration of bone 
marrow derived  stem cells) combine to drive fibroblast and 
myofibroblast expansion and activation in parallel with activation 
of the immune response. Normally, these mechanisms combine to 
promote a healing response to injury, but in the context of chronic 
IBD, they drive intestinal fibrosis.

Several studies examining effects of ATRA on the cell types 

mentioned above support a potential protective effect of ATRA 
on gut fibrosis. The ability of ATRA to reverse radiation induced 
fibroblast proliferation in the lung and to limit proliferation 
and collagen secretion in cardiac fibroblasts was described in 
2006 [37, 38]. While an older report from 1991 suggested that 
under inflammatory conditions, ATRA could augment synovial 
fibroblast proliferation, a recent publication by Shimizu and 
colleagues reported that ATRA played a key role in reducing liver 
stellate cell activation [39]. Several additional reports buttress 
this observation, documenting anti-fibrotic effects on pancreatic 
stellate cell differentiation and activation [40-43]. Finally, a pair 
of reports from the early 2000’s describes ATRA as a potent 
inhibitor of both proliferation and migration of human vascular 
smooth muscle cells and a regulator of ECM turnover [44, 45]. 
Overall, the activity of ATRA on cells responsible for gut fibrosis 
would appear to be protective.

Moving Forward

In addition to inducing and maintaining remission of gut 
inflammation, preventing or even reversing fibrosis remains 
the moon shot of IBD therapy [33]. Observations of ATRA-
induced anti-inflammatory activity in rodent models suggest a 
potential role for ATRA in the regression of established fibrotic 
processes [46].  ATRA’s in vitro activity on fibrogenic cells, 
especially the ATRA-induced quiescence of pancreatic stellate 
cell differentiation and activation, gains increasing relevance due 
to its dependence on modulation of the ECM microenvironment 
[40-43]. The early stages of disease, before ECM deposition 
and increased stiffness become established may represent the 
best opportunity for clinical trials in terms of preventing gut 
fibrosis. However, balancing the serious toxicities associated with 
systemic administration of efficacious doses means that a shift 
in clinical equipoise will be required prior to translating the pre-
clinical benefits observed in vitro and in rodent models to IBD 
patients. The paradigm shift will likely come in the form of novel 
delivery systems that can deliver and sustain efficacious doses 
of ATRA to the local, diseased microenvironment, while avoiding 
toxicities associated with systemic ATRA exposure. 
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