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ABSTRACT
A 12-year-old pony mare was presented for evaluation of dental disease and nasal discharge. At presentation, clinical signs in-
cluded bilateral nasal discharge, cutaneous masses, and numerous hard enlargements involving the bones of the skull, maxilla, 
mandible, and cervical vertebrae. Oral exam revealed advanced dental disease with hard enlargements adjacent to and between 
numerous cheek teeth. Radiographs and computed tomography confirmed the presence of severe dental disease and proliferative 
bone lesions disseminated along the skull, hyoid apparatus, and cranial cervical vertebrae. The bony proliferations extended into 
the subcutis, nasal cavity, paranasal sinuses, orbits, cranial vault, and vertebral canal. Multifocal osteomas were considered the 
primary differential, and this was confirmed on biopsy of a bony mass. Due to the extent of the lesions and deterioration of the 
patient’s quality of life, euthanasia was elected. On necropsy, multiple osteomas were present on the skull and to a lesser extent 
the cervical vertebrae. Additional abnormalities included multiple mucosal polyps in the small intestine, epidermal inclusion 
cysts, and adrenocortical adenomas. These findings resemble those seen in Gardner syndrome, a hereditary disease of peo-
ple characterized by gastrointestinal polyps and extraintestinal manifestations, including osteomas, epidermoid cysts, adrenal 
tumors, and dental abnormalities. Historically, Gardner syndrome in people has been considered a separate condition from 
familial adenomatous polyposis (FAP). Gardner syndrome is now considered a variant of FAP associated with mutations in the 
adenomatous polyposis coli (APC) gene. Whole genome sequencing and variant discovery in the pony identified multiple unique 
variants, including a likely pathogenic single base pair insertion leading to a frameshift in APC (ENSECAP00000007276.1:p.
Glu1527ArgfsTer9). While osteomas have been infrequently reported in horses, to the authors’ knowledge, there have been no 
cases of Gardner syndrome described in equids. This case is highly suggestive of Gardner-like syndrome in an equid.

1 | Introduction

Gardner syndrome, also known as Gardner’s syndrome, is a 
genetic condition characterized by gastrointestinal polyps and 
several extracolonic manifestations, with osteomas and den-
tal abnormalities being common [1–4]. To date, the condition 
has not been reported in species other than human beings. 
Though historically Gardner syndrome had been considered a 
separate genetic condition from familial adenomatous polypo-
sis (FAP), currently, it is considered a variant or subtype of the 

condition existing on a spectrum of clinical manifestations of 
FAP [3]. FAP is a rare genetic disorder characterized by ade-
nomatous polyps within the colorectal region that progresses 
to colorectal carcinoma in most patients [4]. In addition to 
the colonic manifestations, Gardner syndrome is character-
ized specifically by osteomas, dental abnormalities, epider-
moid cysts, desmoid tumors, and congenital hypertrophy of 
the retinoid epithelium (CHRPE) [1–4]. FAP is an autosomal 
dominant disorder arising from mutations within the adeno-
matous polyposis coli (APC) gene on Chromosome 5q21-22 
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[5–9]. The APC gene produces the APC protein, which is a 
tumor suppressor protein involved in multiple cellular func-
tions, including the control of cell growth via regulation of 
the timing of cell cycles [5–9]. The specific mutation within 
the APC gene influences the severity of the gastrointestinal 
lesions as well as the specific extracolonic manifestations, re-
sulting in a spectrum of clinical variants or subtypes of FAP 
such as Gardner and Turcot syndromes [1, 10–13]. In human 
patients, FAP is of particular importance due to its association 
with colorectal cancer.

In this case, a 12-year-old pony mare was presented for nasal 
discharge that had been refractory to treatment by the referring 
veterinarian as well as concerns regarding the dentition of the 
patient. A physical exam combined with an oral exam revealed 
unusual clinical findings, including multiple firm enlargements 
involving the skull and cervical spine as well as advanced dental 
disease associated with hard enlargements within interproximal 
spaces. The extent of the lesions suggested a unique disease pro-
cess. This case report outlines the diagnostic evaluation of this 
patient, including the clinical presentation, advanced imaging, 
necropsy findings, and histopathology results as well as genetic 
sequencing. The findings support the suspicion of Gardner-like 
syndrome in this pony.

2 | Case Presentation

2.1 | History and Clinical Presentation

A 12-year-old pony mare was referred for evaluation of ad-
vanced dental disease and nasal discharge. The pony had been 
acquired by a rescue organization approximately 4 months 
prior to presentation with a body condition score (BCS) of 1/9 
(Henneke system). The patient was observed to quid during 
the mastication of a senior feed and hay. Copious malodorous 
purulent nasal discharge was present bilaterally. The referring 
veterinarian found extensive dental disease on oral examina-
tion, and a tentative diagnosis of advanced periodontal disease 
with secondary sinusitis was made. The patient was treated 
with odontoplasty, dietary adjustment to a soaked pelleted se-
nior feed, and multiple courses of antibiotics and anti-inflam-
matories. While some improvement in the BCS was seen, only 
a mild transient improvement was noted in the nasal discharge.

Upon presentation to the University of Tennessee Veterinary 
Medical Center, the pony was bright, alert, and responsive. The 
temperature and heart rate were within normal limits while 
the respiratory rate (RR) was slightly elevated (T = 100.7 °F, 
P = 48∕min , RR = 36∕min). The pony weighed 174 kg with a 
BCS of 4/9. Facial asymmetry was noted upon visual exam, and 
malodorous mucopurulent nasal discharge was present bilaterally. 
Palpation of the head and jawline revealed numerous hard irreg-
ular 1–3-cm-diameter enlargements along the entire mandible as 
well as the entire head and face. The patient did not exhibit evi-
dence of discomfort upon palpation of the skull. Additional firm 
enlargements were noted in association with the cervical spine. 
Several firm cutaneous nodules were also on the neck and thorax.

An oral examination was performed under sedation. Halitosis 
was appreciated after application of a full-mouth speculum. On 

oral exam, it was noted that odontoplasty had been previously 
performed on all four arcades save the incisors, which was consis-
tent with the history. In addition, numerous diastemata of varying 
degrees existed between the cheek teeth, and advanced periodon-
tal disease was present due to the presence of putrefied feedstuff 
interproximally. Numerous cheek teeth were displaced and/or 
misaligned. In addition, all cheek teeth were discolored due to 
oxidative staining of the clinical crown, which was assumed to be 
secondary to the patient’s inability to properly masticate feedstuff, 
therefore compromising the natural cleansing process of the oral 
cavity. Of note was the presence of bony enlargements within nu-
merous interproximal spaces (Figure 1). The growths appeared to 
contribute to the migration of numerous teeth from their normal 
position as well as the periodontal disease.

Bloodwork was submitted for CBC, fibrinogen, chemistry, and 
serum amyloid A. Only mild abnormalities were noted, including a 
leukopenia characterized by neutropenia (WBC = 4.4 × 103 ∕�L , 
reference range 4.6 − 12 × 103 ∕�L ; neutrophils = 1.65 × 103 ∕�L , 
reference range 2.6 − 5.5 × 103 ∕�L), decreased creatinine 
(0.6 mg/dL, reference range 0.82–2.1 mg/dL), decreased albu-
min (2.7 g/dL, reference range 2.8–3.6 g/dL), elevated glucose 
(178 mg/dL, reference range 76.2–123 mg/dL), and decreased 
total bilirubin (0.3 mg/dL, reference range 0.6–2.1 mg/dL).

2.2 | Diagnostic Investigations/Imaging

Lateral and dorsoventral radiographs of the head and lateral 
radiographs of the cervical spine were acquired. There were 
numerous variable-sized rounded mineral nodules associated 
with the osseous surfaces of the skull, plane of the nasal cavities 
(especially right-sided), and cervical vertebrae (Figure 2a–c). 
There was also evidence of severe multifocal dental disease with 
malocclusion, wave mouth, tooth displacement, and suspected 
osteomyelitis of the left mandible.

Computed tomography (CT) was performed for further evalua-
tion (Figure 3a–c). Transverse images were acquired from the 
nasal planum through the second cervical vertebra before and 
after intravenous administration of iodinated contrast medium. 
Disseminated along the osseous margins of the skull (bones of 
the neurocranium and viscerocranium, nasal turbinates, and 
mandible), the hyoid apparatus, and the cranial cervical verte-
brae, there were numerous proliferative bone lesions, ranging 

FIGURE 1   |   Hard enlargement within the interproximal space of 409 
and 410.
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from submillimeter size to 2.4 cm. The largest lesion was asso-
ciated with the right nasal cavity. These bony proliferations af-
fected the periosteal as well as endosteal surfaces and protruded 
into the subcutaneous tissues, nasal cavity, paranasal sinuses, 
bilateral orbits, cranial vault, and vertebral canal. Lesions were 
smoothly marginated, and there was no evidence of associated 
lysis of osseous structures. The skull was most severely affected 
by these new bone formations. Based on the benign appearance 
of the lesions, multifocal osteomas were primarily considered.

There was multifocal dental disease with severe malocclusion 
and undulant margins to the occlusal surfaces (“wave mouth”), 
marked lateral angulation of the left third mandibular premolar 
(307) and the left first mandibular molar (309) teeth, emphy-
sema surrounding the mandibular cheek teeth, severe widening 
of the alveoli, and multifocal mandibular lysis indicative of os-
teomyelitis. The possibility of osseous proliferative lesions being 

at least partially responsible for dental malalignment was con-
sidered likely.

In addition to containing numerous bony proliferative lesions 
as described above, the right nasal cavity and right paranasal si-
nuses were nearly completely filled with fluid- or soft tissue–at-
tenuating material, suggesting upper airway obstruction by the 
osseous proliferative lesions.

Biopsies were taken from a cutaneous nodule on the right neck 
and a bony mass on the right maxilla. The cutaneous nodule was 
an infundibular cyst, and the bony lesion was consistent with 
an osteoma. It was at this point that the combination of clinical 
signs, imaging, and biopsy findings suggested the possibility of 
Gardner-like syndrome. Due to the poor prognosis and deterio-
ration of the patient’s quality of life, euthanasia was elected, and 
a necropsy was performed.

(a) (b) (c)

FIGURE 2   |   (a–c) Lateral (a) and dorsoventral (b) radiographs of the head and lateral radiograph of the cervical spine (c). There are numerous 
variable-sized rounded mineral nodules associated with the osseous surfaces of the skull, plane of the nasal cavities (especially right-sided), and 
cervical vertebrae. There is also evidence of severe multifocal dental disease with malocclusion, wave mouth, and tooth displacement. Abbreviation: 
R, right.

(a) (b) (c)

FIGURE 3   |   (a–c) Transverse CT images at the level of the nasal cavity (a) and the temporomandibular joints (b) and a surface volume–rendered 
3D reconstruction of the CT image dataset (c). Note the extensive multifocal variable-sized periosteal and endosteal proliferations associated with the 
osseous structures. The largest lesion is associated with the right nasal cavity (∗ in a), which additionally contains a large amount of soft tissue– or 
fluid-attenuating material. Note also the dental misalignment/malocclusion, asymmetry of the dental arcades, and expansion of the left mandible 
with soft tissue emphysema (arrows in a). Abbreviation: R, right.
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2.3 | Necropsy Findings

On external exam, there was bilateral pasty tan nasal discharge 
and two skin nodules: one on the left side of the crest of the neck 
(13 × 11 × 8mm) and one on the right side of the crest of the neck 
(9 × 7 × 4mm). Microscopically, these were both epidermal in-
clusion cysts.

The skull and to a lesser extent the cervical vertebrae had doz-
ens of 2-mm-to-2-cm hard irregular bony nodules (Figure 4). 
The mandible and maxilla were most affected, but nodules were 
also present within the calvarium where they caused depressions 
in the cerebrum. The bony nodules within the nasal cavity and 
sinuses resulted in obstruction and impaction of gray–green 
pasty malodorous material. Microscopically, the bony nodules 
consisted of dense compact lamellar bone. These findings were 
consistent with a diagnosis of multifocal endosteal and periosteal 
osteomas.

Both adrenal glands had multiple adrenocortical adenomas. 
The pituitary gland was normal grossly and microscopically. 
The small intestine had dozens of sessile 1–2-mm mucosal pol-
yps and pedunculated mucosal polyps up to 15 mm (Figure 5a,b) 
that microscopically consisted of tortuous crypts lined by a sin-
gle layer of well-differentiated columnar epithelium with basal 
nuclei and Paneth cells at the base of the crypts (Figure 5c).

There were no gross or microscopic retinal lesions, but there was 
patchy discontinuous mineralization of the scleral collagen sur-
rounding the tapetal choroid.

2.4 | Genetic Analysis

Whole genome sequencing and variant discovery were per-
formed using DNA isolated from the pony’s whole blood. Whole 
genome sequencing was performed using Illumina Novaseq 

FIGURE 4   |   The skull covered in bony nodules.

(a) (b) (c)

FIGURE 5   |   A pedunculated mucosal polyp in the small intestine. Dozens of similar polyps were present in the small intestine. (a) Gross appear-
ance. (b) Subgross showing the uniformly adenomatous nature of the polyp. (c) Photomicrograph of the crypts within the polyp lined by well-differ-
entiated columnar cells with Paneth cells at the base of the crypts (hematoxylin and eosin, 200x magnification).
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(10.3X coverage). The whole genome sequence was mapped to 
the EquCab3.0 reference genome, and variants were identified 
using the whole animal genome sequencing (WAGS) pipeline 
[14]. Briefly, the FASTQ quality was determined using FASTQC, 
and adapters and duplicates were marked and removed. Files 
were mapped to the EquCab3.0 reference genome using BWA 
with base quality score recalibration. GATK HaplotypeCaller 
with hard filtering was used for variant identification, and 
joint calling occurred across a population of 1159 horses [15]. 
Variant annotation was performed using Ensembl VEP using 
the EquCab3.0 annotation with the Y chromosome [16].

BCFtools was used to extract (1) variants that were unique to 
the pony (heterozygous/homozygous) and absent in the other 
1158 horses, (2) variants that were homozygous in the pony and 
not homozygous in the 1158 horses, and (3) variants that were 
present in the pony and present in the 1158 horses at an allele 
frequency of < 5%. The Ensembl VEP filter was used to remove 
variants that were more than 1000 bp downstream of a gene. 
One hundred and sixty-nine candidate genes were identified 
using a keyword search for “Gardner syndrome” in Phenolyzer 
[17]. Variants within candidate genes were extracted using R.

High- and moderate-impact variants for each VCF were ex-
tracted using Ensembl VEP [15]. Genotype accuracy was man-
ually checked using the Integrative Genomics Viewer [18]. The 
variant in the APC gene was further investigated using multi-
species alignment and ConSurf to determine the conservation 
score of the variant site [19]. MutationTaster was used to predict 
the consequence of the APC variant on the human protein [20].

2.4.1 | Variants Unique to the Pony

There were 97 high- and 442 moderate-impact variants that 
were unique to the pony. High- and moderate-impact vari-
ants were manually checked using the Integrative Genomics 
Viewer (Figure 6). One high- and five moderate-impact vari-
ants were present in five candidate genes (Table 1). All six 

variants were heterozygous in the pony and absent in the 
1158 horses. The high-impact variant was present in APC 
(ENSECAP00000007276.1:p.Glu1527ArgfsTer9). This variant 
was a C>CT variation that was predicted to lead to a frameshift 
and a premature stop codon nine amino acids downstream. 
MutationTaster also predicted nonsense-mediated decay and 
a premature stop codon nine amino acids downstream of the 
variant (Figure 7), leading to a truncation of the protein at 
Position 1534, compared to the typical protein length of 2819 
amino acids.

2.4.2 | Variants Homozygous in the Pony 
and Heterozygous or Wild Type in the Equine Population

There were two high- and 22 moderate-impact variants that 
were homozygous in the pony and only heterozygous or wild 
type in the 1158 horses. None of these variants were present in 
candidate genes.

2.4.3 | Variants Present in the Pony 
and Rare (Allele Frequency < 0.05) in the Equine Population

There were 693 high- and 5690 moderate-impact variants that 
were present in the pony and present in the 1158 horses at 
an allele frequency of < 0.05. High- and moderate-impact vari-
ants were manually checked using the Integrative Genomics 
Viewer. One high- and 24 moderate-impact variants were 
present in 25 candidate genes (Table 2). The pony was homo-
zygous for two of these variants and heterozygous for the re-
maining 24 variants.

3 | Discussion

FAP is a rare hereditary condition, which is estimated to af-
fect approximately 1 in 8000 people with no sex predilection 
[1–4,  21]. In its classic form, it is characterized by numerous 

FIGURE 6   |   Integrative Genomics Viewer visualization of the insertion in the pony (purple vertical lines) compared to a normal control (lower 
sequence).
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adenomatous polyps in the colon. A variety of extracolonic man-
ifestations can accompany the polyps, and these define various 
subtypes within the spectrum of FAP [1–4,  10,  21,  22]. While 
Gardner syndrome has historically been considered a different 
genetic condition from FAP, it is now considered a variant or 
subtype of FAP, which exists on a spectrum of clinical manifes-
tations. The extracolonic manifestations of Gardner syndrome 
include osteomas, epidermoid cysts, dental abnormalities, der-
moid tumors, and CHRPE [1–4]. In human patients, the intesti-
nal polyps most often begin to develop during early adolescence 
and increase with age. Without surgical intervention, the lesions 
almost invariably progress to colorectal cancer by around the 
age of 40. While there is no cure for FAP, early identification 
and monitoring play a crucial role in the management of the 
condition.

FAP is an autosomal dominant condition caused by a germline 
mutation in the APC gene [5–9, 23, 24]. While most affected indi-
viduals have a family history of FAP, in approximately 20%–30% of 
patients, a family history is lacking, indicating a de novo mutation 
in the APC gene. The p.Glu1527ArgfsTer9 variant identified in this 
pony leads to an altered amino acid sequence from ETEKPTDSE 
(reference) to EDRKTYRF∗ (variant) and a premature stop codon 
at Position 1534 compared to the reference APC protein length of 
2819 amino acids. It is not possible to comment on the inheritance 
of this variant because the parents of this pony are not known. As 
the pony is heterozygous for this variant, it would suggest that if 
this is the disease-causing variant, it follows a dominant inheri-
tance pattern.

The APC gene encodes the APC tumor suppressor protein that 
performs diverse cellular functions, including the regulation of 
β-catenin, a widely expressed protein involved in the regula-
tion and coordination of cell–cell adhesion and gene transcrip-
tion [5–9, 23, 24]. When APC function is compromised, there is 
constitutive activation of β-catenin, resulting in the loss of cell 
cycle checkpoints and unregulated cellular proliferation. Most 
of the variants reported to be associated with colorectal cancer 
occur in the “mutation cluster region,” including Amino Acids 
1284–1580. The mutation cluster region is in the middle of the 
APC gene and is critical for the assembly of the β-catenin de-
struction complex. This variant identified in this pony maps 
to Amino Acid Position 1552 in the human APC gene, which 
is within the mutation cluster region. The same variant in the 
human genome would be predicted to lead to EAEKTIDSE (ref-
erence) to EGRKNY∗ (variant) and a premature stop codon at 
Position 1557 compared to the reference APC protein length of 
2843 amino acids. There are four variants identified in patients 
with FAP reported in ClinVar that affect the glutamic acid at 
Position 1552 in the human APC gene: two frameshift vari-
ants (p.Glu1552fs), one premature stop codon variant (p.Glu-
1552Ter), and one synonymous variant (p.Glu1552=). Except 
for the synonymous variant that does not change the glutamic 
acid, the variants have sufficient evidence to be pathogenic or 
pathogenic/likely pathogenic. In the region of the protein af-
fected by this mutation (from Positions 1552 to 2843), there are 
8419 mutations, of which 451 are frameshift or premature stop 
codon–inducing variants. Seven of the 451 variants have con-
flicting evidence of pathogenicity, and 18 are considered vari-
ants of uncertain significance. These variants are all at Position 
2655 or further toward the end of the protein. The remaining TA
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426 frameshift and premature stop codon–inducing variants are 
considered likely pathogenic (n = 20), pathogenic (n = 333), and 
pathogenic/likely pathogenic (n = 73). Based on the American 
College of Medical Genetics and Genomics and the Association 
for Molecular Pathology guidelines, this variant has multiple 
levels of evidence to support it being likely pathogenic: it is a 
predicted null variant in a gene where loss of function is a mech-
anism of disease (PVS1), the variant is absent from the general 
population of horses (PM2), and multiple lines of computational 
evidence support a deleterious effect on the gene product (PP3).

The only other high-impact variant that was present in a candi-
date gene and appeared to be real based on visualization was a 
p.Met1? variant in EIF3H. This gene is known to be a cause of 
hereditary colorectal cancer in a recessive inheritance pattern. 
However, there has not yet been an association with the gener-
alized osteomas seen in this pony. The pony was heterozygous 
for this variant, and the variant was present in the general popu-
lation of 1158 horses at an allele frequency of 0.009. There were 
18 alleles in this population, with 16 other horses being hetero-
zygous for the variant and one being homozygous. Although we 
do not have phenotypes on these horses, given the rarity of the 
affected pony’s clinical signs, it is unlikely that this variant is 
causing this disease.

Gardner syndrome, now recognized as a subtype of FAP, was 
first described in 1951 by Eldon J. Gardner [25] as a genetic 
condition associated with a cluster of cases of carcinoma of the 
lower digestive tract. Gardner syndrome is characterized by in-
testinal polyposis and a variety of extracolonic abnormalities, 
most often including multiple osteomas, especially involving the 
skull (maxillofacial) and various soft tissue tumors, including 
epidermal cysts and desmoid tumors [1–4, 21, 22, 26]. Less com-
mon extracolonic manifestations include abnormal dentition, 
congenital hypertrophy of the retinal pigmented epithelium, 
adrenocortical adenoma and carcinoma, and a variety of other 
neoplasms. The occurrence of the extracolonic manifestations 
seen in Gardner syndrome appears to be determined by the loca-
tion of the defect on the APC gene and epigenetic factors.

This pony had multiple osteomas (especially severe involve-
ment of the skull), intestinal mucosal polyps, epidermal inclu-
sion cysts, dental disease, and adrenal adenomas, all of which 
are components of Gardner syndrome in humans. Osteomas 
have been infrequently reported in horses, most often involv-
ing the craniofacial complex [27–41]. However, unlike the os-
teomas in this case, they are typically isolated lesions. Polyps 

of the gastrointestinal tract are rarely reported in horses 
[42–44, 42, 43, 45, 46]. This pony had dozens of intestinal mu-
cosal polyps that were limited to the small intestine, and no 
malignant progression was identified. In human patients with 
Gardner syndrome, the colon and rectum are most often af-
fected, but upper gastrointestinal polyps and carcinoma have 
been identified [3, 47]. Skin and adrenocortical tumors similar 
to those in humans with Gardner syndrome were also present 
in this pony. Congenital hypertrophy of the retinal pigmented 
epithelium as seen in Gardner syndrome was not identified in 
this pony, although mineralization of the sclera surrounding 
the tapetum was present bilaterally. In human patients with 
Gardner syndrome, the exact signs vary between individual 
patients.

This patient presented with dental disease and nasal discharge, 
which was suspected to be due to secondary sinusitis. In gen-
eral, apical infections are a common cause of sinusitis in the 
horse due to the close proximity of the apices of the upper cheek 
teeth to the sinus and nasal cavities, allowing for contamina-
tion of these structures by bacteria [48, 49]. However, this case 
was unique in that the severe dental disease was associated 
with extensive osteoma formation throughout the mandible and 
maxilla, including the sinus compartments. The presence of os-
teomas within the sinus compartments resulted in obstruction 
of the normal outflow tracts, resulting in bilateral mucopurulent 
nasal discharge as well as malformation of the patient’s skull 
and misalignment of the teeth. In people with FAP, the reported 
prevalence of dental abnormalities varies, ranging from 30% to 
75% of patients [21, 50–54]. Importantly, the dental manifesta-
tions may precede the development of intestinal polyposis, mak-
ing identification of the dental features of Gardner syndrome 
helpful in the early diagnosis of the condition.

FAP and its variants, including Gardner syndrome, have not 
been reported outside of human patients. The severe dental 
disease and multiple bony enlargements in this pony were sug-
gestive of Gardner syndrome, and this was further supported by 
diagnostic imaging, biopsies, and necropsy. Although it can be 
challenging to interpret genetic analysis from a single patient, 
the heterozygous single base pair insertion variant leading to a 
frameshift in the APC gene is similar to human variants con-
sidered pathogenic or likely pathogenic for FAP in the ClinVar 
database [55]. Further investigation of this variant is neces-
sary to confirm that this is the causative variant in this case. 
Additionally, while unable to be performed at this time, genome 
sequencing of the intestinal polyp to identify the APC mutation 

FIGURE 7   |   Predicted consequence of the APC frameshift variant and comparison of amino acid conservation across species. Photo taken from 
the MutationTaster prediction tool.
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would have strengthened the case for FAP. Overall, the findings 
in this patient are highly suggestive of Gardner-like syndrome 
with a suggested genetic cause, making it the first known re-
ported case in a veterinary species.

Acknowledgments

The authors would like to acknowledge the East Tennessee Miniature 
Horse and Donkey Rescue and Dr. Melissa Hamilton for their care and 
management of this patient. They would also like to thank Jordan Hall 
for assistance in pathology and the radiology staff for the acquisition of 
the radiographs and CT images.

Funding

Funding was provided by the National Institutes of Health 
(10.13039/100000002) under grant numbers K12TR002492 and 
UL1TR002494.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

Data are available on request from the authors.

References

1. W. D. Foulkes, “A Tale of Four Syndromes: Familial Adenomatous 
Polyposis, Gardner Syndrome, Attenuated APC and Turcot Syndrome,” 
Quarterly Journal of Medicine 88, no. 12 (1995): 853–863.

2. D. Perniciaro, “Gardner’s Syndrome,” Dermatologic Clinics 13, no. 1 
(1995): 51–56.

3. P. Dinarvand, E. P. Davaro, J. V. Doan, et al., “Familial Adenomatous 
Polyposis Syndrome: An Update and Review of Extraintestinal 
Manifestations,” Archives of Pathology & Laboratory Medicine 143, no. 
11 (2019): 1382–1398, https://doi.org/10.5858/arpa.2018-0570-RA.

4. E. Juhn, and A. Khachemoune, “Gardner Syndrome: Skin 
Manifestations, Differential Diagnosis and Management,” American 
Journal of Clinical Dermatology 11, no. 2 (2010): 117–122, https://doi.
org/10.2165/11311180-000000000-00000.

5. J. Groden, A. Thliveris, W. Samowitz, et al., “Identification and 
Characterization of the Familial Adenomatous Polyposis Coli Gene,” Cell 
66, no. 3 (1991): 589–600, https://doi.org/10.1016/0092-8674(81)90021-0.

6. W. F. Bodmer, C. J. Bailey, J. Bodmer, et al., “Localization of the Gene 
for Familial Adenomatous Polyposis on Chromosome 5,” Nature 328, 
no. 6131 (1987): 614–616, https://doi.org/10.1038/328614a0.

7. H. Ma, L. A. A. Brosens, G. J. A. Offerhaus, F. M. Giardiello, W. W. J. 
de Leng, and E. A. Montgomery, “Pathology and Genetics of Hereditary 
Colorectal Cancer,” Pathology 50, no. 1 (2018): 49–59, https://doi.
org/10.1016/j.pathol.2017.09.004.

8. A. Waller, S. Findeis, and M. J. Lee, “Familial Adenomatous 
Polyposis,” Journal of Pediatric Genetics 5, no. 2 (2016): 078–083, https://
doi.org/10.1055/s-0036-1579760.

9. E. B. Gomez Garcia, and N. V. Knoers, “Gardner’s Syndrome 
(Familial Adenomatous Polyposis): A Cilia-Related Disorder,” 
Lancet Oncology 10, no. 7 (2009): 727–735, https://doi.org/10.1016/
S1470-2045(09)70167-6.

10. M. P. Bronner, “Gastrointestinal Inherited Polyposis Syndromes,” 
Modern Pathology 16, no. 4 (2003): 359–365, https://doi.org/10.1097/01.
MP.0000062992.54036.E4.TA

B
LE

 2
   

|   
(C

O
N

T
IN

U
E

D
)

C
h

ro
m

Po
si

ti
on

R
ef

A
lt

C
on

se
qu

en
ce

Im
pa

ct
G

en
e

E
xo

n
H

G
V

Sc
H

G
V

Sp
G

T
G

en
e 

ra
n

k
H

I
G

I
IG

V

3
79

25
94

53
A

G
M

is
se

ns
e

M
od

er
at

e
K

D
R

13
/3

0
c.

18
07

A
>

G
p.

M
et

60
3V

al
0/

1
74

0.
40

0.
94

Ye
s

30
12

16
66

08
C

T
M

is
se

ns
e

M
od

er
at

e
D

U
SP

10
3/

5
c.

10
6G

>A
p.

A
la

36
Th

r
0|

1
14

7
0.

69
0.

77
Ye

s

31
80

77
94

8
T

C
M

is
se

ns
e

M
od

er
at

e
SL

C2
2A

3
3/

10
c.

71
5A

>
G

p.
Ile

23
9V

al
0/

1
13

4
0.

09
0.

76
Ye

s

5
61

50
61

2
C

T
M

is
se

ns
e

M
od

er
at

e
SE

LE
7/

12
c.

11
60

G
>A

p.
A

rg
38

7H
is

0/
1

86
0.

07
0.

06
Ye

s

8
32

21
06

58
T

C
M

is
se

ns
e 

&
 

sp
lic

e 
re

gi
on

M
od

er
at

e
PO

LE
34

/4
8

c.
44

02
A

>
G

p.
Se

r1
46

8G
ly

0/
1

18
0.

63
0.

88
Ye

s

A
bb

re
vi

at
io

ns
: A

lt,
 a

lte
rn

at
e 

al
le

le
; C

hr
om

, c
hr

om
os

om
e;

 G
I, 

ge
ne

 in
to

le
ra

nc
e 

sc
or

e;
 G

T,
 g

en
ot

yp
e;

 H
I, 

ha
pl

oi
ns

uf
fic

ie
nc

y 
sc

or
e;

 IG
V,

 In
te

gr
at

iv
e 

G
en

om
ic

s V
ie

w
er

 in
te

rp
re

ta
tio

n 
of

 tr
ue

 v
ar

ia
nt

 (y
es

/n
o)

; R
ef

, r
ef

er
en

ce
 a

lle
le

.

https://doi.org/10.13039/100000002
https://doi.org/10.5858/arpa.2018-0570-RA
https://doi.org/10.2165/11311180-000000000-00000
https://doi.org/10.2165/11311180-000000000-00000
https://doi.org/10.1016/0092-8674(81)90021-0
https://doi.org/10.1038/328614a0
https://doi.org/10.1016/j.pathol.2017.09.004
https://doi.org/10.1016/j.pathol.2017.09.004
https://doi.org/10.1055/s-0036-1579760
https://doi.org/10.1055/s-0036-1579760
https://doi.org/10.1016/S1470-2045(09)70167-6
https://doi.org/10.1016/S1470-2045(09)70167-6
https://doi.org/10.1097/01.MP.0000062992.54036.E4
https://doi.org/10.1097/01.MP.0000062992.54036.E4


10 of 11 Case Reports in Veterinary Medicine, 2026

11. G. Menon, and A. Kasi, “Familial Adenomatous Polyposis,” in 
StatPearls (StatPearls Publishing, 2025).

12. R. J. Scott, “Familial Adenomatous Polyposis (FAP) and Other 
Polyposis Syndromes,” Hereditary Cancer in Clinical Practice 1, no. 1 
(2003): 19–30, https://doi.org/10.1186/1897-4287-1-1-19.

13. E. J. Groen, A. Roos, F. L. Muntinghe, et al., “Extra-Intestinal 
Manifestations of Familial Adenomatous Polyposis,” Annals of 
Surgical Oncology 15, no. 9 (2008): 2439–2450, https://doi.org/10.1245/
s10434-008-9981-3.

14. J. N. Cullen, and S. G. Friedenberg, “WAGS: User-Friendly, 
Rapid, Containerized Pipelines for Processing, Variant Discovery, 
and Annotation of Short Read Whole Genome Sequencing Data,” G3 
Bethesda Md 13 (2023): , https://doi.org/10.1093/g3journal/jkad117.

15. S. A. Durward-Akhurst, R. J. Schaefer, B. Grantham, W. K. Carey, J. 
R. Mickelson, and M. E. McCue, “Genetic Variation and the Distribution 
of Variant Types in the Horse,” Frontiers in Genetics 12 (2021): , https://
doi.org/10.3389/fgene.2021.758366.

16. W. McLaren, L. Gil, S. E. Hunt, et al., “The Ensembl Variant Effect 
Predictor,” Genome Biology 17, no. 1 (2016): 122, https://doi.org/10.1186/
s13059-016-0974-4.

17. H. Yang, P. N. Robinson, and K. Wang, “Phenolyzer: Phenotype-
Based Prioritization of Candidate Genes for Human Diseases,” 
Nature Methods 12, no. 9 (2015): 841–843, https://doi.org/10.1038/
nmeth.3484.

18. H. Thorvaldsdóttir, J. T. Robinson, and J. P. Mesirov, “Integrative 
Genomics Viewer (IGV): High-Performance Genomics Data 
Visualization and Exploration,” Briefings in Bioinformatics 14, no. 2 
(2013): 178–192, https://doi.org/10.1093/bib/bbs017.

19. B. Yariv, E. Yariv, A. Kessel, et al., “Using Evolutionary Data to 
Make Sense of Macromolecules With a “Face-Lifted” ConSurf,” Protein 
Science 32, no. 3 (2023): e4582, https://doi.org/10.1002/pro.4582.

20. J. M. Schwarz, D. N. Cooper, M. Schuelke, and D. Seelow, 
“MutationTaster2: Mutation Prediction for the Deep-Sequencing Age,” 
Nature Methods 11, no. 4 (2014): 361–362, https://doi.org/10.1038/
nmeth.2890.

21. J. Seehra, S. Patel, and C. Bryant, “Gardner’s Syndrome Revisited: 
A Clinical Case and Overview of the Literature,” Journal of 
Orthodontics 43, no. 1 (2016): 59–64, https://doi.org/10.1179/14653133
15Y.0000000008.

22. J. Chenbhanich, A. Atsawarungruangkit, S. Korpaisarn, T. 
Phupitakphol, S. Osataphan, and P. Phowthongkum, “Prevalence of 
Thyroid Diseases in Familial Adenomatous Polyposis: A Systematic 
Review and Meta-Analysis,” Familial Cancer 18, no. 1 (2019): 53–62, 
https://doi.org/10.1007/s10689-018-0085-3.

23. W. Hankey, W. L. Frankel, and J. Groden, “Functions of the APC 
Tumor Suppressor Protein Dependent and Independent of Canonical 
WNT Signaling: Implications for Therapeutic Targeting,” Cancer and 
Metastasis Reviews 37, no. 1 (2018): 159–172, https://doi.org/10.1007/
s10555-017-9725-6.

24. T. Venesio, M. S. Balsamo, M. S. Scordamaglia, et al., “Germline APC 
Mutation on the β-Catenin Binding Site Is Associated With a Decreased 
Apoptotic Level in Colorectal Adenomas,” Modern Pathology 16, no. 1 
(2003): 57–65, https://doi.org/10.1097/01.MP.0000042421.83775.0E.

25. E. J. Gardner, “A Genetic and Clinical Study of Intestinal Polyposis, 
a Predisposing Factor for Carcinoma of the Colon and Rectum,” 
American Journal of Human Genetics 3, no. 20 (1951): 167–176.

26. S. D'Agostino, F. Dell'Olio, A. Tempesta, et al., “Osteoma of the 
Jaw as First Clinical Sign of Gardner's Syndrome: The Experience of 
Two Italian Centers and Review,” Journal of Clinical Medicine 12, no. 4 
(2023): 1496, https://doi.org/10.3390/jcm12041496.

27. A. M. Abu-Seida, and A. A. Shamaa, “Congenital Osteoma of the 
Frontal Bone in an Arabian Filly,” Journal of Equine Veterinary Science 
93 (2020): 103217, https://doi.org/10.1016/j.jevs.2020.103217.

28. I. Cilliers, J. Williams, A. Carstens, and N. M. Duncan, “Three Cases 
of Osteoma and an Osseous Fibroma of the Paranasal Sinuses of Horses 
in South Africa,” Journal of the South African Veterinary Association 79, 
no. 4 (2008): 185–193, https://doi.org/10.4102/jsava.v79i4.271.

29. J. A. Collins, “Ossifying Fibroma/Osteoma in the Proximal Tibia of a 
Mature Gelding,” Veterinary Record 143, no. 13 (1998): 367–368, https://
doi.org/10.1136/vr.143.13.367.

30. A. K. Fisher, “A Compact Osteoma in the Skull of a Horse,” Journal of 
the American Veterinary Medical Association 121, no. 904 (1952): 42–44.

31. S. R. Hance, and A. L. Bertone, “Neoplasia,” Veterinary Clinics of 
North America: Equine Practice 9, no. 1 (1993): 213–234, https://doi.
org/10.1016/s0749-0739(17)30425-x.

32. S. E. Kold, L. C. Ostblom, and H. P. Philipsen, “Headshaking Caused 
by a Maxillary Osteoma in a Horse,” Equine Veterinary Journal 14, no. 
2 (1982): 167–169, https://doi.org/10.1111/j.2042-3306.1982.tb02379.x.

33. R. Maggi, D. Mudimba, and G. Marruchella, “Mandibular Osteoma 
in a Haflinger Mare: Clinical and Pathological Features,” Journal of 
Equine Veterinary Science 116 (2022): 104048, https://doi.org/10.1016/j.
jevs.2022.104048.

34. C. C. Morse, J. E. Saik, D. W. Richardson, and A. W. Fetter, “Equine 
Juvenile Mandibular Ossifying Fibroma,” Veterinary Pathology 25, no. 6 
(1988): 415–421, https://doi.org/10.1177/030098588802500603.

35. B. F. Nottle, D. M. Tatarniuk, F. J. Caldwell, et al., “Fibro-Osseous 
Lesions of the Craniofacial Complex in Horses: 30 Cases (2001-2019),” 
Veterinary Surgery 50, no. 2 (2021): 383–392, https://doi.org/10.1111/
vsu.13559.

36. C. A. Ragle, M. C. de Mira, L. K. Pearson, and J. C. Coelho, 
“Pneumocephalus Secondary to Removal of an Osteoma From the 
Paranasal Sinuses of a Horse,” Journal of the American Veterinary 
Medical Association 235, no. 2 (2009): 184–188, https://doi.org/10.2460/
javma.235.2.184.

37. D. W. Richardson, and H. M. Acland, “Multilobular Osteoma 
(Chondroma Rodens) in a Horse,” Journal of the American Veterinary 
Medical Association 182, no. 3 (1983): 289–291, https://doi.org/10.2460/
javma.1983.182.03.289.

38. E. K. Schooley, and D. A. Hendrickson, “Musculoskeletal System 
Neoplasia,” Veterinary Clinics of North America: Equine Practice 14, no. 
3 (1998): 535–542, https://doi.org/10.1016/s0749-0739(17)30185-2.

39. N. C. Scotty, M. Ford, F. Williams, et al., “Exophthalmia Associated 
With Paranasal Sinus Osteoma in a Quarterhorse Mare,” Journal of 
Veterinary Diagnostic Investigation 16, no. 2 (2004): 155–160, https://doi.
org/10.1177/104063870401600212.

40. J. Schumacher, B. L. Smith, and S. J. Morgan, “Osteoma of Paranasal 
Sinuses of a Horse,” Journal of the American Veterinary Medical 
Association 192, no. 10 (1988): 1449–1450, https://doi.org/10.2460/
javma.1988.192.10.1449.

41. A. Steinman, G. A. Sutton, D. Lichawski, and D. E. Johnston, 
“Osteoma of Paranasal Sinuses in a Horse With Inspiratory Dyspnoea,” 
Australian Veterinary Journal 80, no. 3 (2002): 140–142, https://doi.
org/10.1111/j.1751-0813.2002.tb11374.x.

42. M. C. Furness, H. N. Snyman, M. Abrahams, A. Moore, A. Vince, 
and M. E. Anderson, “Severe Gastric Impaction Secondary to a Gastric 
Polyp in a Horse,” Canadian Veterinary Journal 54, no. 10 (2013): 
979–982.

43. C. C. Morse, and D. W. Richardson, “Gastric Hyperplastic Polyp in 
a Horse,” Journal of Comparative Pathology 99, no. 3 (1988): 337–342, 
https://doi.org/10.1016/0021-9975(88)90054-0.

https://doi.org/10.1186/1897-4287-1-1-19
https://doi.org/10.1245/s10434-008-9981-3
https://doi.org/10.1245/s10434-008-9981-3
https://doi.org/10.1093/g3journal/jkad117
https://doi.org/10.3389/fgene.2021.758366
https://doi.org/10.3389/fgene.2021.758366
https://doi.org/10.1186/s13059-016-0974-4
https://doi.org/10.1186/s13059-016-0974-4
https://doi.org/10.1038/nmeth.3484
https://doi.org/10.1038/nmeth.3484
https://doi.org/10.1093/bib/bbs017
https://doi.org/10.1002/pro.4582
https://doi.org/10.1038/nmeth.2890
https://doi.org/10.1038/nmeth.2890
https://doi.org/10.1179/1465313315Y.0000000008
https://doi.org/10.1179/1465313315Y.0000000008
https://doi.org/10.1007/s10689-018-0085-3
https://doi.org/10.1007/s10555-017-9725-6
https://doi.org/10.1007/s10555-017-9725-6
https://doi.org/10.1097/01.MP.0000042421.83775.0E
https://doi.org/10.3390/jcm12041496
https://doi.org/10.1016/j.jevs.2020.103217
https://doi.org/10.4102/jsava.v79i4.271
https://doi.org/10.1136/vr.143.13.367
https://doi.org/10.1136/vr.143.13.367
https://doi.org/10.1016/s0749-0739(17)30425-x
https://doi.org/10.1016/s0749-0739(17)30425-x
https://doi.org/10.1111/j.2042-3306.1982.tb02379.x
https://doi.org/10.1016/j.jevs.2022.104048
https://doi.org/10.1016/j.jevs.2022.104048
https://doi.org/10.1177/030098588802500603
https://doi.org/10.1111/vsu.13559
https://doi.org/10.1111/vsu.13559
https://doi.org/10.2460/javma.235.2.184
https://doi.org/10.2460/javma.235.2.184
https://doi.org/10.2460/javma.1983.182.03.289
https://doi.org/10.2460/javma.1983.182.03.289
https://doi.org/10.1016/s0749-0739(17)30185-2
https://doi.org/10.1177/104063870401600212
https://doi.org/10.1177/104063870401600212
https://doi.org/10.2460/javma.1988.192.10.1449
https://doi.org/10.2460/javma.1988.192.10.1449
https://doi.org/10.1111/j.1751-0813.2002.tb11374.x
https://doi.org/10.1111/j.1751-0813.2002.tb11374.x
https://doi.org/10.1016/0021-9975(88)90054-0


11 of 11

44. C. M. Colbourne, J. B. Bolton, J. V. Yovich, and L. Genovese, 
“Hamartomatous Polyp Causing Intestinal Obstruction and Tenesmus 
in a Neonatal Foal,” Australian Equine Veterinarian 14 (1996): 78–80.

45. B. C. Watt, S. S. Trostle, and A. J. Cooley, “Intraluminal Leiomyoma 
Colon Polyp in a Mare,” Equine Veterinary Journal 33, no. 3 (2001): 326–
328, https://doi.org/10.2746/042516401776249769.

46. J. C. Patterson-Kane, L. C. Sanchez, R. J. MacKay, J. P. Sundberg, 
and B. L. Homer, “Small Intestinal Adenomatous Polyposis Resulting 
in Protein-Losing Enteropathy in a Horse,” Veterinary Pathology 37, no. 
1 (2000): 82–85, https://doi.org/10.1354/vp.37-1-82.

47. R. Van Stolk, M. V. Sivak, J. L. Petrini, R. Petras, D. R. Ferguson, 
and D. Jagelman, “Endoscopic Management of Upper Gastrointestinal 
Polyps and Periampullary Lesions in Familial Adenomatous Polyposis 
and Gardner's Syndrome,” Endoscopy 19, no. S 1 (1987): 19–22, https://
doi.org/10.1055/s-2007-1018303.

48. J. M. O’Leary, and P. M. Dixon, “A Review of Equine Paranasal 
Sinusitis. Aetiopathogenesis, Clinical Signs and Ancillary Diagnostic 
techniques,” Education 23, no. 3 (2011): 148–159, https://doi.
org/10.1111/j.2042-3292.2010.00176.x.

49. P. M. Dixon, and I. Dacre, “A Review of Equine Dental Disorders,” 
Veterinary Journal 169, no. 2 (2005): 165–187, https://doi.org/10.1016/j.
tvjl.2004.03.022.

50. P. Singhal, A. Singhal, R. Ram, and R. Gupta, “Peripheral Osteoma 
in a Young Patient: A Marker for Precancerous Condition,” Journal of 
Indian Society of Pedodontics and Preventive Dentistry 30, no. 1 (2012): 
74–77, https://doi.org/10.4103/0970-4388.95588.

51. W. Carl, and L. Herrera, “Dental and Bone Abnormalities in Patients 
With Familial Polyposis Coli,” Seminars in Surgical Oncology 3, no. 2 
(1987): 77–83, https://doi.org/10.1002/ssu.2980030206.

52. J. Butler, C. Healy, M. Toner, and S. Flint, “Gardner Syndrome – 
Review and Report of a Case,” Oral Oncology Extra 41, no. 5 (2005): 
89–92, https://doi.org/10.1016/j.ooe.2005.02.001.

53. A. M. Cankaya, M. A. Erdem, S. C. Isler, et al., “Oral and Maxillofacial 
Considerations in Gardner’s Syndrome,” International Journal of 
Medical Sciences 9, no. 2 (2012): 137–141, https://doi.org/10.7150/
ijms.3989.

54. M. Madani, and F. Madani, “Gardner’s Syndrome Presenting With 
Dental Complaints,” Archives of Iranian Medicine 10, no. 4 (2007): 
535–539.

55. M. J. Landrum, J. M. Lee, G. R. Riley, et al., “ClinVar: Public Archive 
of Relationships Among Sequence Variation and Human Phenotype,” 
Nucleic Acids Research 42 (2014):  D980–D985, https://doi.org/10.1093/
nar/gkt1113.

https://doi.org/10.2746/042516401776249769
https://doi.org/10.1354/vp.37-1-82
https://doi.org/10.1055/s-2007-1018303
https://doi.org/10.1055/s-2007-1018303
https://doi.org/10.1111/j.2042-3292.2010.00176.x
https://doi.org/10.1111/j.2042-3292.2010.00176.x
https://doi.org/10.1016/j.tvjl.2004.03.022
https://doi.org/10.1016/j.tvjl.2004.03.022
https://doi.org/10.4103/0970-4388.95588
https://doi.org/10.1002/ssu.2980030206
https://doi.org/10.1016/j.ooe.2005.02.001
https://doi.org/10.7150/ijms.3989
https://doi.org/10.7150/ijms.3989
https://doi.org/10.1093/nar/gkt1113
https://doi.org/10.1093/nar/gkt1113

	Germline Pathogenic Variant in the APC Gene Suggestive of Gardner Syndrome in a Pony
	1 | Introduction
	2 | Case Presentation
	2.1 | History and Clinical Presentation
	2.2 | Diagnostic Investigations/Imaging
	2.3 | Necropsy Findings
	2.4 | Genetic Analysis
	2.4.1 | Variants Unique to the Pony
	2.4.2 | Variants Homozygous in the Pony and Heterozygous or Wild Type in the Equine Population
	2.4.3 | Variants Present in the Pony and Rare () in the Equine Population


	3 | Discussion
	Acknowledgments
	Funding
	Conflicts of Interest
	Data Availability Statement




