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Abstract

Objective—The objectives of this study were (1) to characterize the microbiome of the temporal

artery in patients with giant cell arteritis and (2) to apply an unbiased and comprehensive shotgun

sequencing-based approach to determine if there is an enrichment of candidate pathogens in

affected tissues.

Methods—We performed unbiased DNA sequencing of 17 formalin-fixed, paraffin-embedded

temporal artery biopsy specimens collected at a single institution over a period of four years.

Twelve cases fulfilled clinical and histopathological criteria for GCA. Five cases served as

controls. Using PathSeq software, human sequences were computationally subtracted and the

remaining non-human sequences taxonomically classified using a comprehensive microbial

sequence database. The relative abundance of microbes was inferred based on read counts

assigned to each organism. Comparison of the microbial diversity in cases versus controls was

carried out using hierarchical clustering and linear discriminant analysis effect size.

Results—Propionibacterium acnes and Escherichia coli were the most abundant

microorganisms in 16 of the 17 samples and Moraxella catarrhalis was the most abundant

organism in one control. Pathogens previously described to be correlated with GCA were not

differentially abundant in cases, compared to controls. There was not a significant burden of likely

pathogenic viruses.

Conclusion—DNA sequencing of temporal artery biopsies from GCA cases and controls

showed no evidence of previously identified candidate GCA pathogens. A single pathogen was

not clearly and consistently associated with GCA in this case series.

Introduction

Giant cell arteritis (GCA) is a granulomatous systemic vasculitis of the elderly, of unknown

etiology. It is postulated to be an antigen driven disease whereby dendritic cells in the

adventitia become activated by an unknown stimulus (1). Dendritic cells express Toll-like

receptors, components of the innate immune system that recognize pathogen-associated

molecular patterns. The ability of dendritic cells to recognize lipopolysaccharide (LPS), a

component of Gram-negative bacteria, and components of other pathogens suggests that

Address correspondence to William P. Docken, MD, Brigham and Women’s Hospital, Division of Rheumatology, 850 Boylston
Street, Suite 130, Chestnut Hill, MA 02467; wdocken@partners.org.

NIH Public Access
Author Manuscript
Arthritis Rheumatol. Author manuscript; available in PMC 2015 July 01.

Published in final edited form as:
Arthritis Rheumatol. 2014 July ; 66(7): 1939–1944. doi:10.1002/art.38631.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



infectious agents may trigger this disease. Additionally, the report of an apparent spike in

the incidence of GCA every five to seven years has implied the possibility of exposure to an

infectious agent (2).

Previous studies have investigated the posited causal association between microbial

infections and GCA using directed methods. Application of these targeted methods, such as

polymerase chain reaction, has resulted in the detection of parvovirus B19, Chlamydia

species, and varicella zoster virus in GCA, with conflicting results (3–5). Bradyrhizobium

and Rhodopseudomonas sequences have been identified as differentially present in

histopathologically inflamed regions of GCA temporal artery lesions compared to adjacent

uninvolved tissues, using the nucleic acid-based method of representation difference

analysis (6). Recently, a preliminary study using 16S ribosomal RNA gene sequencing

proposed the presence of a Burkholderia-like strain in the temporal arteries of patients with

GCA. (7), All reports identifying candidate pathogens in GCA have involved either targeted

methodologies or extremely small cohorts, and have not yet been reproduced.

Next generation sequencing allows for comprehensive characterization of DNA or RNA

sequences within a tissue sample, including both human and tissue-associated microbial

species. We and others have demonstrated that the combination of sequencing of human

specimens and subsequent characterization of the organisms from which these DNA or RNA

sequences arise can be a powerful tool for the unbiased discovery of candidate pathogens

and description of the tissue microbiome. These efforts have led to the discovery of an

association between the Gram-negative Fusobacterium nucleatum and colorectal cancer, as

well as the de novo discovery of a novel hematopoietic stem cell transplantation colitis-

associated organism, Bradyrhizobium enterica (8, 9). Despite the obvious power of these

types of technologies, such efforts must be well-controlled and executed, as the introduction

of contaminants has been described and can suggest microbe-disease associations that may

be spurious (10).

Given the epidemiological and pathophysiological factors that support the possibility of the

GCA-pathogen association, we aimed to employ an unbiased, sequencing-based approach to

characterize the microbiome of temporal arteries from patients with GCA and non-GCA

controls. Furthermore, we also sought to apply a sensitive and unbiased method to determine

if a specific microbial pathogen or pathogens, either novel or as previously described, could

be identified in the temporal arteries of patients with GCA.

Materials and Methods

Sample Selection

Seventeen temporal artery (TA) biopsy specimens were obtained from patients presenting

with symptoms suggestive of GCA, at a single institution (Brigham and Women’s Hospital,

Boston, Massachusetts). All TA biopsies were performed by the same neuro-

ophthalmologist and were formalin-fixed and paraffin-embedded in the same pathology

facility over a period of four years (from 2009–2012). Patient ages at the time of TA biopsy

ranged from 66 to 88 (cases) and 69 to 86 (controls) (Table 1). Twelve cases had abnormal

temporal artery biopsies with active inflammation diagnostic of GCA and fulfilled the 1990
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ACR classification criteria for GCA. Five cases with histologically negative TA biopsies,

for which the patients’ subsequent clinical courses showed no evidence for GCA, served as

controls. Thirteen of the seventeen patients (four controls, nine cases) received steroids prior

to biopsy, and two of the seventeen patients received antibiotics prior to biopsy; detailed

medication information was not available for one control patient.

DNA extraction and Sequencing

Seventeen formalin-fixed, paraffin-embedded (FFPE) temporal artery biopsy blocks were

faced (shaved until the block was even) using new blades on a microtome. A 100um scroll

of each block was collected. Genomic DNA was extracted using a RecoverAll Total Nucleic

Acid Extraction Kit (Ambion), according to the manufacturer’s instructions. Bar-coded

libraries were generated and 101-base pair, paired-end sequencing was performed on the

Illumina HiSeq V3 platform to a depth of approximately 3× whole genome sequence

coverage, as previously described (8).

PathSeq Analysis

Sequences obtained were analyzed by PathSeq, a software algorithm that taxonomically

classifies each sequencing read; this method and its tested limits of sensitivity have been

previously described (8). Briefly, we used the PathSeq software (www.broadinstitute.org/

software/pathseq), to (a) quality filter all reads, (b) computationally subtract human reads

and (c) classify the remaining non-human reads using a comprehensive microbial reference

sequence database (11).

Following taxonomic classification of the nonhuman reads, the relative abundance (RA) for

each organism was calculated as follows: RA = (# unique alignment positions in genome ×

1,000,000) / (# total alignable reads × genome size). The RA values were then normalized

per sample in order to facilitate comparison of the microbiome between samples. Data were

carefully reviewed for the presence of known bacterial and viral pathogens and for

organisms previously described to be associated with GCA.

Comparative marker analysis was performed using the GENE-E software package to

identify statistically significant differences between cases and controls (http://

www.broadinstitute.org/cancer/software/GENE-E/). Hierarchical clustering was also

performed based on the composition of the microbiome in cases and controls (12). A linear

discriminant analysis effect size (LEfSe) was performed to define class-based differences in

the microbiome between cases and controls (13). Given the assumption that a candidate

pathogen must be present at a moderate abundance, a median RA cutoff of 0.05% was

applied for all bacteria and only organisms with a median RA values above this cutoff or

LEfSe outputs with an effect size of greater than four LDA units were nominated as

candidate pathogens.
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Results

Patient characteristics

To determine if candidate pathogens in GCA could be identified using a comprehensive and

unbiased sequencing-based approach, we analyzed the whole genome sequences of temporal

artery biopsies of GCA patients and of controls. Age and gender distribution between cases

and controls were comparable (Table 1). Males comprised 17% (n=2) of cases and 20%

(n=1) of controls. A detailed clinical chart review was performed and revealed similar

steroid and antibiotic exposure in each cohort. One control patient received

immunosuppressive agents other than steroids (methotrexate); another control patient

received the chemotherapeutic agent lenalidomide for treatment of multiple myeloma.

Sequencing results and PathSeq analysis

PathSeq was used to classify each sequence based on the organism of origin. We obtained a

median of 43 million human reads (range: 30–72.2 million), 2,433 microbial reads (range:

907–5,254), and 6,337 unmapped reads (range: 3,490 – 17,706) per sample. Microbial reads

included those corresponding to known bacteria, archaea, fungi and viruses. Reads

corresponding to bacteriophage were excluded from this analysis as control libraries

generated from the PhiX bacteriophage are often introduced during sequencing to enhance

overall sequencing quality. The number of human reads, microbial reads, and unmapped

reads were comparable between cases and controls (Figure 1a; Supplementary table 1). As

the majority of sequences aligned to the human genome, the FFPE-extracted DNA can be

inferred to be of high quality. Raw results (number of reads mapping to each microbial

organism) of the taxonomic classification are presented in Supplementary table 2.

Microbial analysis

We compared the microbial composition of the temporal artery between GCA cases and

controls to determine if biologically relevant differences could be identified. Other than rare

HPV reads in one case (sample 185) (Supplementary table 2), no pathogenic viruses were

identified, including previously reported GCA-associated organisms such as parvovirus B19

or varicella zoster virus (4, 14). No novel organisms emerged from an analysis of the

unmapped reads.

The relative abundance (RA) of bacteria (Supplementary table 3) was calculated and was

then corrected for the total number of human reads per sample (Supplementary table 4) for

the 49 bacterial organisms with the highest mean abundance in cases and controls. The most

abundant organism in 16 of the 17 patients studied was Propionibacterium acnes, a Gram-

positive component of the skin flora. Escherichia coli, a facultative Gram-negative

bacterium, and a component of the stool microbiome, was the second most abundant

microorganism in most cases and controls. The only other highly abundant organism of note

was Moraxella catarrhalis, a Gram-negative bacterium associated with upper respiratory

infections (Figure 1b). M. catarralis was present in high abundance in one control, a patient

with multiple myeloma who presented with a fever of unknown origin in the setting of prior

therapy with lenalidomide and dexamethasone.
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The corrected relative abundance of the 49 most abundant bacteria is presented as a heatmap

(Figure 2). Hierarchical clustering was conducted using all available RA data (pairwise

average linkage and Pearson’s correlation coefficient; Figure 2) and did not reveal a strongly

discernible difference between cases and controls (12). Comparative marker analysis was

also performed and did not reveal any significantly enriched bacterial species (False

Discovery Rate < 0.1) in cases or controls.

LEfSe analysis was carried out to identify class-wise differences between cases and controls

(13). With an LDA effect size cutoff score of 4.0 and a median RA cutoff of 0.5%, no

organisms were statistically significantly enriched in cases versus controls.

Discussion

The microbiomes of the GCA cases and the controls in this cohort were not distinctive.

Despite routine measures to insure surgical sterility, both cases and controls were dominated

by P. acnes and E. coli, well described members of the skin microbiome. The relatively even

distribution of sequencing reads between cases and controls indicates that the sample

handling and sequencing process did not introduce a class-based bias. Moreover, the GCA

cases did not have a notably larger number of non-human reads compared to controls,

implying that the abundance of microbes was similar in both groups. Several statistical tests

were applied to determine if microbial characteristics of the samples could differentiate

cases and controls. Hierarchical clustering, comparative marker and LEfSe analysis did not

support differences between the microbiomes of the cases and controls. Finally, none of the

previously identified bacterial or viral candidate pathogens was enriched in the GCA cases

compared to controls (4, 5, 7, 14). In sum, the data demonstrate that the microbial

composition of temporal arteries in GCA patients is similar to those in the control

population studied here.

Despite the strong suggestion from our data analysis that a specific microbial trigger or

enriched microbial community is not likely to be present in GCA, several issues must be

considered when interpreting these results. Limitations of the DNA sequencing approach

used here include its inability to detect RNA viruses or microorganisms that have already

been cleared by a host immune mechanism. Of note, most of the candidate viral agents

identified in previous studies are double stranded DNA viruses, and should have been

identified using these methods(4, 14). Our approach is also inherently biased toward

abundant organisms and pathogens that are present at the site of clinical inflammation –

thus, a greater depth of sequencing may be required to detect a pathogen present in very low

quantities and more systemically-focused studies (for example, sequencing of the blood or

remote sites of candidate pathogenic triggers) may be indicated. Ideal tissue controls are

another significant challenge, as all patients who served as controls in this study had clinical

signs or symptoms that were concerning enough to prompt a temporal artery biopsy.

Temporal arteries obtained from truly unaffected individuals, for example through an

autopsy series, might serve as alternative controls. Lastly, while there is an intrinsic

advantage to obtaining cases and controls obtained and processed in a controlled clinical and

pathological environment, the generalizability of this single institution study may be limited.

In order to overcome these challenges, studies of future multi-center prospective TA
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collections or evaluation of additional affected tissues (such as the aorta in cases of GCA

aortitis) could be considered. Such prospective studies might also be improved by

approaches that limit the introduction of skin flora or dermal and epidermal contamination

into the surgical specimen.

Notwithstanding these potential limitations, this investigation of TA biopsies of GCA cases

and controls did not demonstrate significant differences in the microbiomes of temporal

arteries from patients with GCA compared to controls. An unbiased, deep sequencing

approach did not identify bacteria or viruses previously reported to be associated with GCA.

These results also suggest that unbiased methods for pathogen discovery are preferable to

targeted methods that query individual species.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Whole genome sequence analysis of temporal artery biopsies from giant cell arteritis
and control cases
(A) Whole genome sequencing reveals a similar number of human, microbial (bacteria,

viruses, archaea, and fungi), and unmapped reads between cases and controls. The median

number of reads and their distribution is depicted. (B) Species level comparison of the three

most abundant organisms. P. acnes was the most abundant organism in sixteen cases and E.

coli was typically the second most abundant. M. catarrhalis was identified in high

abundance in one control.
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Figure 2. Heatmap representation of the most abundant organisms in the tissue microbiome of
GCA and control TA biopsies
Whole genome sequencing of TA biopsies was followed by microbial taxonomic

classification of reads using the PathSeq computational platform. As demonstrated, PathSeq

analysis of the GCA microbiome does not show an enrichment of candidate pathogens or

other microbes in cases compared to controls. The forty-nine most abundant organisms in

cases and controls are shown in the heatmap. The heatmap indicates the relative abundance

value for each bacterium listed in each sample (RA values were normalized based on the

number of total human reads per sample). Red shading indicates a relatively higher
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abundance of the given bacterium, white shading indicates intermediate abundance, and blue

shading indicates a relatively low abundance of the given bacterium. Hierarchical clustering

of cases (noted by a purple box in the top row) and controls (noted by a green box in the top

row) was conducted using pairwise average linkage and Pearson’s correlation.
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Table 1

Summary of patient demographics and their treatment history prior to temporal artery biopsy.

Description Cases Controls

  Demographics

Age Median age in years (Range) 74 (66–88) 70 (66–86)

Sex % Male (n) 17% (2) 20% (1)

  Prior therapy

% No Steroids (n) 25% (3) 20% (1)

% Steroids (n) 75% (9) 80% (4)

% Antibiotics (n) 17% (2) 0% (0)

% Immunosuppression (n) 8% (1) 20% (1)*, **

*
Patient 183 received Methotrexate for two months.

**
Patient 194 received Dexamethasone and Lenalidomide for multiple myeloma.
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