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UNITED STATES PATENT AND TRADEMARK OFFICE (USPTO) 
OFFICE ACTION (OFFICIAL LETTER) ABOUT APPLICANT’S TRADEMARK APPLICATION 

 

U.S. APPLICATION SERIAL NO. 86300247 

 

MARK: ONCOBIOME 

 

          

*86300247*  
CORRESPONDENT ADDRESS: 
       HEATHER E BALMAT 

       BALMAT LAW, PLLC 

       977 SEMINOLE TR., #342 

       CHARLOTTESVILLE, VA 22901 

        

  
GENERAL TRADEMARK INFORMATION: 

http://www.uspto.gov/trademarks/index.jsp   

 

VIEW YOUR APPLICATION FILE 

 

APPLICANT: EVELO THERAPEUTICS, INC. 

  

CORRESPONDENT’S REFERENCE/DOCKET NO:   

       00449       

CORRESPONDENT E-MAIL ADDRESS:   

       hbalmat@balmatlaw.com 

 

 

REQUEST FOR RECONSIDERATION DENIED 

 

ISSUE/MAILING DATE: 7/21/2017 

 
 
 
The trademark examining attorney has carefully reviewed applicant’s request for reconsideration and is 
denying the request for the reasons stated below.  See 37 C.F.R. §2.63(b)(3); TMEP §§715.03(a)(ii)(B), 
715.04(a).  The following requirement(s) and/or refusal(s) made final in the Office action dated 
December 29, 2016  are maintained and continue to be final:  Section 2(e)(1) refusal.  See TMEP 
§§715.03(a)(ii)(B), 715.04(a).  The following requirement(s) and/or refusal(s) made final in the Office 
action are withdrawn:  requirement for a definite Class 5 identification of goods.  See TMEP 
§§715.03(a)(ii)(B), 715.04(a). 



 

In the present case, applicant’s request has not resolved all the outstanding issue(s), nor does it raise a 
new issue or provide any new or compelling evidence with regard to the outstanding issue(s) in the final 
Office action.  In addition, applicant’s analysis and arguments are not persuasive nor do they shed new 
light on the issues.  Accordingly, the request is denied. 

 

If applicant has already filed a timely notice of appeal with the Trademark Trial and Appeal Board, the 
Board will be notified to resume the appeal.  See TMEP §715.04(a).  

 

If no appeal has been filed and time remains in the six-month response period to the final Office action, 
applicant has the remainder of the response period to (1) comply with and/or overcome any 
outstanding final requirement(s) and/or refusal(s), and/or (2) file a notice of appeal to the Board.  TMEP 
§715.03(a)(ii)(B); see 37 C.F.R. §2.63(b)(1)-(3).  The filing of a request for reconsideration does not stay 
or extend the time for filing an appeal.  37 C.F.R. §2.63(b)(3); see TMEP §§715.03, 715.03(a)(ii)(B), (c).   

 

FINAL REFUSAL: SECTION 2(e)(1) MERELY DESCRIPTIVE - MAINTAINED & CONTINUED 

 

Registration is refused because the applied-for mark merely describes a feature, characteristic, purpose, 
intended use and subject matter of applicant’s goods and services.  Trademark Act Section 2(e)(1), 15 
U.S.C. §1052(e)(1); see TMEP §§1209.01(b), 1209.03 et seq. 

 

A mark is merely descriptive if it describes or immediately conveys knowledge of an ingredient, quality, 
characteristic, function, feature, purpose, or use of an applicant’s goods and/or services.  TMEP 
§1209.01(b); see, e.g., In re TriVita, Inc., 783 F.3d 872, 874, 114 USPQ2d 1574, 1575 (Fed. Cir. 2015) 
(quoting In re Oppedahl & Larson LLP, 373 F.3d 1171, 1173, 71 USPQ2d 1370, 1371 (Fed. Cir. 2004)); In 
re Steelbuilding.com, 415 F.3d 1293, 1297, 75 USPQ2d 1420, 1421 (Fed. Cir. 2005) (citing Estate of P.D. 
Beckwith, Inc. v. Comm’r of Patents, 252 U.S. 538, 543 (1920)).   “A mark may be merely descriptive even 
if it does not describe the ‘full scope and extent’ of the applicant’s goods or services.”  In re Oppedahl & 
Larson LLP, 373 F.3d 1171, 1173, 71 USPQ2d 1370, 1371 (Fed. Cir. 2004) (citing In re Dial-A-Mattress 
Operating Corp., 240 F.3d 1341, 1346, 57 USPQ2d 1807, 1812 (Fed. Cir. 2001)); TMEP §1209.01(b).  
Rather, it is enough if a mark describes only one significant function, attribute, or property.  In re The 
Chamber of Commerce of the U.S., 675 F.3d 1297, 1300, 102 USPQ2d 1217, 1219 (Fed. Cir. 2012); TMEP 
§1209.01(b); see In re Oppedahl & Larson LLP, 373 F.3d at 1173, 71 USPQ2d at 1371. 

 

Determining the descriptiveness of a mark is done in relation to an applicant’s goods and/or services, 
the context in which the mark is being used, and the possible significance the mark would have to the 
average purchaser because of the manner of its use or intended use.  See In re The Chamber of 



Commerce of the U.S., 675 F.3d 1297, 1300, 102 USPQ2d 1217, 1219 (Fed. Cir. 2012) (citing In re Bayer 
Aktiengesellschaft, 488 F.3d 960, 963-64, 82 USPQ2d 1828, 1831 (Fed. Cir. 2007)); TMEP §1209.01(b).  
Descriptiveness of a mark is not considered in the abstract.  In re Bayer Aktiengesellschaft, 488 F.3d at 
963-64, 82 USPQ2d at 1831. 

 

Applicant’s mark is “ONCOBIOME” for the following goods and services: 

 

Class 5: Microbial preparations for pharmaceutical, veterinary and medical purposes, namely, 
microbial preparations for use as tumor suppressing agents, immuno-suppressing agents, 
immuno-stimulating agents, and anti-cancer agents; dietary supplements, nutritional 
supplements, nutraceuticals for use as dietary supplements, food supplements, nutritionally 
fortified vegetable-based food, beverages, and nutritional food bars, all of the foregoing 
containing microorganisms for medical, therapeutic, or preventative purposes; therapeutic 
pharmaceuticals containing microorganisms for medical and veterinary use for the treatment 
and prevention of pre-neoplastic lesions, neoplasms, tumors, cancers, and metastases; 
therapeutic pharmaceuticals containing derivatives of microorganisms for medical and 
veterinary use for the treatment and prevention of pre-neoplastic lesions, neoplasms, tumors, 
cancers, and metastases; pharmaceutical, veterinary and medical preparations and 
substances, namely, anti-microbial preparations and substances, anti-bacterial, anti-fungal, 
anti-viral, and anti-protist preparations and substances, all for the treatment of cancer, cancer 
symptoms, cancer-related diseases, and side-effects of cancer therapies; anti-cancer 
preparations and substances; preparations for inhibiting microbiological decomposition in 
food, beverages, animal feed and pharmaceuticals, namely, combination preparations 
containing in majority part antimicrobial preparations and lesser amounts of microbial 
preparations and anti-cancer preparations for use as a preservative; pharmaceutical 
preparations and substances for the treatment of cancer, namely, microbial and anti-microbial 
preparations for veterinary and medical use; anti-cancer preparations for use in treating 
cancer symptoms, cancer-related diseases, and side-effects of cancer therapies; 
pharmaceutical preparations for the treatment of infectious diseases and cancer, namely, 
combination preparations of anti-cancer agents, microbial preparations and anti-microbial 
preparations; diagnostic kits for diagnosing disease, determination of likelihood of disease, 
prognosis of responsiveness to therapy and/or patient prognosis comprised of diagnostic 
reagents and buffers for the detection of microbes, viral, bacterial, fungal, and parasitic or 
non-parasitic protist infections, inflammation, and biomarkers associated with pre-neoplastic 
lesions, neoplasms, tumors, cancers, or metastases; preparations for detecting mutations in 
genes for medical purposes as used in the collection of large-scale genomic, metagenomic, 
proteomic, transcriptomic, epigenetic, and metabolomic medical data and related clinical data   

   

  Class 9:  Scientific, analytical, and statistical computer software for creating and managing 
databases containing genomic, metagenomic, proteomic, transcriptomic, epigenetic, and 
metabolomic data derived from patient clinical care information and medical research data; 



computer software for analyzing and creating statistical models derived from patient clinical 
care information and medical research data in the nature of genomic, metagenomic, 
proteomic, transcriptomic, epigenetic, and metabolomic data   

   

 Class 10: Medical diagnostic instruments for screening, assessing, and determining 
appropriate courses of treatment in relation to pre-neoplastic lesions, neoplasms, tumors, 
cancers and metastases   

   

 Class 42: Electronic data storage services, namely, electronic storage of large-scale genomic, 
metagenomic, proteomic, transcriptomic, epigenetic, and metabolomic data and related 
clinical data for treatment and diagnostic purposes; database, computer-readable program 
and software development services, namely, development of scientific, analytical, and 
statistical software and related databases for use in conjunction with genomic, metagenomic, 
proteomic, transcriptomic, epigenetic, and metabolomic data gathered from patient clinical 
care information and medical research data; scientific, chemical, biochemical and 
microbiological research; scientific research in the field of genetics and genetic engineering of 
microbes; scientific research in the field of genetic and molecular tests, including tests for 
microbial populations in vertebrate samples; research and development of therapeutic 
pharmaceuticals, consumer medical products, diagnostic equipment and prognostic tools 
consisting of genetically engineered microorganisms, combinations of microorganisms, and 
individually selected microorganisms for treatment and prevention of pre-neoplastic lesions, 
neoplasms, tumors, cancers and metastases   

   

Class 44: Medical clinics; veterinary dentistry; behavioural analysis for medical purposes; 
genetic testing for medical purposes; collection and preservation of human blood for medical 
purposes; medical diagnostic testing for assessing pre-neoplastic lesions, neoplasms, tumors, 
cancers, or metastases   

 

The term comprising the applied-for mark “oncobiome” refers to the “microbiota associated with cancer 
development.” See, https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-016-0203-
0; see also, “oncobiome” defined as, the “interplay between the study of the human microbiome and its 
influence on cancer development.” The Microbiome and Cancer: Is the ‘Oncobiome’, 
https://www.biomodulation.com/attachments/article/134/PIIS2405803315000060.pdf. As applicant’s 
Class 5 goods are oncobiome medications, they are intended to work with the oncobiome, the applied-
for mark describes an intended use, purpose, feature and characteristic of these goods. Applicant’s 
software is oncobiome software that is for use in the oncobiome field and will presumably feature 
algorithms that accurately profile microorganisms in metagenomic samples; thus, the applied-for mark 
is descriptive of a feature, characteristic, intended use, purpose and subject matter of applicant’s Class 9 
and Class 42 software goods and services. Applicant’s medical diagnostic instruments will be used to 
screen, biopsy, test and assessing the oncobiome, the applied-for mark is descriptive of a feature, 



characteristic, intended use and purpose of the Class 10 goods. As applicant’s electronic data storage 
services will store oncobiome data, and applicant’s research services are oncobiome research services, 
“oncobiome” is merely descriptive of a feature, characteristic, intended use and purpose of these Class 
42 services. As applicant’s clinical and testing services are ones that will feature testing and clinical 
services related to the oncobiome, the applied-for mark is merely descriptive of a feature, characteristic, 
purpose and intended use of these Class 44 services.  

 

Additionally, as the previously and currently attached internet evidence demonstrates, “oncobiome” is 
commonly used in a descriptive manner in relation to applicant’s goods and services in that 
“oncobiome” describes an intended use, purpose, feature and characteristic of them.   In the article 
“The Microbiome and Cancer: Is the ‘Oncobiome’ Mirage Real?”  the authors note that “much of 
oncobiome research is currently focused on colorectal cancer” and that “oncobiome screening could 
potentially be designed to detect not only individual bacterial species associated with cancer but 
also…before…cancer has developed.” 
https://www.biomodulation.com/attachments/article/134/PIIS2405803315000060.pdf.  This article also 
provides a schematic entitled “Care of the oncobiome patient” which requires “screening,” “treatment” 
and “surveillance” and a figure entitled “Proposed Oncobiome Studies Necessary to Progress the Field of 
Research.” See Id; see also,  https://www.cancer.gov/about-cancer/screening/screening-tests,  
https://www.cancer.gov/about-cancer/screening/screening-tests#other-tests.   Thus, the term 
“oncobiome” in this article is used in a descriptive manner- it describes a feature and characteristic of 
medical testing, medical screenings, medical research, and scientific research, as well as the intended 
use and purpose of these services.   

 

Additionally, it is worth noting that this article has been cited nine times in other scholarly articles, in 
multiple journal blogs and in numerous articles accessible via the internet. See, 
https://www.scopus.com/results/citedbyresults.uri?sort=plf-f&cite=2-s2.0-
84957795451&src=s&imp=t&sid=282EB2466B5D09CA21FC9DB433B96998.wsnAw8kcdt7IPYLO0V48gA%
3a30&sot=cite&sdt=a&sl=0&origin=inward&editSaveSearch=&txGid=282EB2466B5D09CA21FC9DB433B
96998.wsnAw8kcdt7IPYLO0V48gA%3a2;  http://www.blogsearchengine.org/search.html?cx=partner-
pub-9634067433254658%3A5laonibews6&cof=FORID%3A10&ie=ISO-8859-
1&q=%22the+microbiome+and+cancer+is+the+oncobiome+mirage+real%3F%22&sa.x=48&sa.y=14;  
https://www.google.com/?gws_rd=ssl#q=%22the+microbiome+and+cancer+is+the+oncobiome+mirage
+real?%22&spf=1500648572897.    Thus, this descriptive use of the term “oncobiome” in relation to 
applicant’s services has been widely viewed.   

 

Additional recent articles also use “oncobiome” descriptively. In the newly published article entitled 
“The ovarian cancer oncobiome” the authors note that the medical diagnostic element used in the study 
employed “probes.” See, 
http://www.impactjournals.com/oncotarget/index.php?journal=oncotarget&page=article&op=downloa
d&path%5B%5D=16717&path%5B%5D=53459.   Thus, “oncobiome” is descriptive of the intended use 
and purpose of these medical diagnostic elements, as well as a feature and characteristic of them.  



Despite the recent release of this publication, this article is widely available and accessible via the 
internet. See, 
https://www.google.com/?gws_rd=ssl#q=%22The+ovarian+cancer+oncobiome%22&spf=150065254370
3.  In “The vaginal microbiota, human papillomavirus infection and cervical intraepithelial neoplasia: 
what do we know and where are we going next?” the authors note that “All four studies in patients with 
CIN [54, 55, 56, 57] are observational studies, and with lack of longitudinal data, it is only possible to 
demonstrate association with disease states rather than causality. This has been acknowledged as one 
of the current limitations of ongoing research into the ‘oncobiome’; that is the microbiota associated 
with cancer development.” https://microbiomejournal.biomedcentral.com/articles/10.1186/s40168-
016-0203-0.  

 

Oncobiome research employs software. Specifically, oncobiome research is performed using a 
proprietary platform, the applied-for mark is descriptive in relation to software goods and services. See, 
https://news.uchicago.edu/article/2016/04/21/uchicago-evelo-biosciences-develop-microbiome-based-
cancer-therapy.  “Platform” is defined as, “support software for a particular activity.” See, 
http://foldoc.org//platform.   Thus, oncobiome describes the intended use, feature, purpose and subject 
matter of applicant’s software goods and services.  

 

The oncobiome is also the subject matter of lectures, seminars, and PowerPoint presentations, and 
forums within the scientific and medical communities.  See, seminar, University of Arizona, “Microbial 
Genomics and Colorectal Cancer: The Birth of the Oncobiome” http://cbc.arizona.edu/events/microbial-
genomics-and-colorectal-cancer-birth-oncobiome;   Surgery Grans Rounds – Dr. Ryan M. Thomas 
Presents ‘Evidence for the Oncobiome: Can the Human Microbiota Regulate Carcinogenesis?’ 
https://ufhealth.org/events/surgery-grand-rounds-dr-ryan-m-thomas-presents-evidence-oncobiome-
can-human-microbiota;   “Microbiome and cancer (oncobiome), https://cancercenter-
facca.sites.medinfo.ufl.edu/files/2016/04/Topic-1-Viruses-Bacteria-and-the-Microbiome-Dr.-Jobin.pdf; 
Microbiome World Congress “Exploring the Cancer Microbiome or ‘Oncobiome’, and Whether it Will 
Offer a New Horizon in Colon Treatment and Diagnosis?” 
http://www.terrapinn.com/conference/microbiome-americas/agenda.stm; “It’s the oncobiome, the 
interplay between the human microbiome and cancer development, which researchers feel may be 
important factor to consider in response to therapy, including immunotherapies and existing anti-
neoplastic agents.” http://worldmedicalinnovation.org/wp-content/uploads/2016/04/Partners-FORUM-
2016-BROCHURE-D12-Cancer-160422_0942-FREV1-WEB-X3-SM-SPREADS.pdf.   

 

The knowledge of the oncobiome and oncobiome research extends beyond the scientific and medical 
communities in to the public sphere.  The term “oncobiome” is used descriptively in multiple news 
outlets, thus ensuring its perception by consumers as a descriptive term.   A University of Chicago press 
release entitled “UChicago, Evelo Biosciences to develop microbiome-based cancer therapy” discusses 
its partnership with the applicant and contains the following quote: “Immunotherapy is a rapidly 
growing field with huge potential, and the University is at the forefront of oncobiome research.” While 
the quotation mentions applicant, this usage of “oncobiome” indicates that it is not only a field of 



research, but that it is used to descriptively in relation to cancer therapy and therapies. See, 
https://www.cancer.org/treatment/treatments-and-side-effects/treatment-types/chemotherapy/oral-
chemotherapy.html,  https://www.cancer.gov/about-cancer/treatment/types.    This news was also 
covered by Biotechnology Calendar in its “Science Market Update” section, and contains the same 
quote. See, http://info.biotech-calendar.com/uchicago-and-evelo-biosciences-partner-to-develop-new-
cancer-immunotherapy.    In “Big deal: a first real shot at the oncobiome” the author notes that “a 
bacterial pill based on bioinformatics that treats severe and deadly disease by reestablishing bacterial 
composition of the gut” and that  “The oncobiome seems to suppress the immune response to the 
tumor effectively shielding it from harm and supporting it with nutrients.”  
https://medium.com/@deal_by_deal/big-deal-a-first-real-shot-at-the-oncobiome-
67b3dff1389d#.y46o0og84.    The press release entitled “COSMOSID ANNOUNCES ONCOBIOME 
PARTNERSHIP WITH THE WHITE HOUSE CANCER MOONSHOT INITIATIVE” indicates that its 
bioinformatics platform (algorithms that accurately profile microorganisms in metagenomic samples) 
will be used for cancer microbiome, or oncobiome,  research studies. See, 
http://www.cosmosid.com/blog-cosmosid/2016/10/17/cosmosid-announces-oncobiome-partnership-
with-the-white-house-cancer-moonshot-initiative.  This press release was republished by PR Newswire 
and Bioportfolio. See,   http://www.prnewswire.com/news-releases/cosmosid-announces-oncobiome-
partnership-with-the-white-house-cancer-moonshot-initiative-300345759.html,   
http://www.bioportfolio.com/news/article/2874663/CosmosID-Announces-Oncobiome-Partnership-
with-the-White-House-Cancer-Moonshot-Initiative.html.  Cathy Biase, a nutrition consultant provides 
the following article on her website: “Oncobiome: The New Frontier of Cancer Research?” See,  
http://www.cathybiase.com/oncobiome-the-new-frontier-of-cancer-
research/?doing_wp_cron=1500642432.5371088981628417968750.    The Ride for Roswell, a cancer 
charity race sponsored by Roswell Park Cancer Institute, had participants under Team “OncoBiome – 
Microbes Against Cancer”  
http://give.roswellpark.org/site/TR/Events/General?fr_id=1060&pg=team&team_id=1708;   
https://rideforroswell.org/about/;  see also, “Now, to be clear, the research is still emerging and many 
questions remain to be answered, but the potential breakthroughs of research into the relationship 
between cancer and the microbiome, or “oncobiome” [12], may finally help us end our quest for the 
Holy Grail.” https://rebelhealthtribe.com/microbiome-holy-grail/;   “Not to get too much out in left 
field........the (that) field of the microbiome & cancer (new term is "oncobiome")studies are in their 
relative infancy.” https://www.inspire.com/fighterm/journal/why-chemotherapy-works-for-some-but-
not-for-all-alternative-treatments/?page=9&s_item=post&s_type=ahpfr-;   LinkedIn, “Or is it possible 
that a merging of two completely different disease-fighting strategies such as immuno-oncology and 
microbiome will lead to a new one? Perhaps an ‘Oncobiome’ is just around the corner. I’m excited about 
such innovative possibilities.” https://www.linkedin.com/pulse/innovation-through-adversity-stepping-
towards-solutions-singh;  Facebook, https://www.facebook.com/cosmosid/;  Twitter,  
https://twitter.com/hashtag/oncobiome?lang=en.  

 

Please note that the two major reasons for not protecting descriptive marks are (1) to prevent the 
owner of a descriptive mark from inhibiting competition in the marketplace and (2) to avoid the 
possibility of costly infringement suits brought by the trademark or service mark owner.  In re Abcor Dev. 
Corp., 588 F.2d 811, 813, 200 USPQ 215, 217 (C.C.P.A. 1978); TMEP §1209.  Businesses and competitors 



should be free to use descriptive language when describing their own goods and/or services to the 
public in advertising and marketing materials.  See In re Styleclick.com Inc., 58 USPQ2d 1523, 1527 (TTAB 
2001). The term “oncobiome” is already used widely and descriptively.  

 

These noted uses of “oncobiome” not only demonstrate that oncobiome describes the intended use, the 
purpose, a feature and characteristic of applicant’s goods and services, but that the widespread 
dissemination and usage of oncobiome in a descriptive manner will cause consumers to view the 
applied-for mark merely as a descriptive term.  Therefore, registration is denied for the applied-for 
mark. The final refusal is maintained and continued. 

 

Applicant’s Arguments Against the Refusal 

 

Applicant provides several arguments against the refusal. For the reasons noted, below, these 
arguments are unpersuasive.  

 

The applicant argues that the applied-for mark ONCOBIOME “is suggestive, not descriptive, as applied to 
the applicant's goods and services” and that “one would need to reflect a bit on the mark in order to 
have an idea of the goods and services offered under it.” Applicant’s argument is unpersuasive.  
Determining the descriptiveness of a mark is done in relation to an applicant’s goods and services, the 
context in which the mark is being used, and the possible significance the mark would have to the 
average purchaser because of the manner of its use or intended use.  See In re The Chamber of 
Commerce of the U.S., 675 F.3d 1297, 1300, 102 USPQ2d 1217, 1219 (Fed. Cir. 2012) (citing In re Bayer 
Aktiengesellschaft, 488 F.3d 960, 963-64, 82 USPQ2d 1828, 1831 (Fed. Cir. 2007)); TMEP §1209.01(b).   
“Whether consumers could guess what the product [or service] is from consideration of the mark alone 
is not the test.”  In re Am. Greetings Corp., 226 USPQ 365, 366 (TTAB 1985).  The question is not whether 
someone presented only with the mark could guess what the goods and/or services are, but “whether 
someone who knows what the goods and[/or] services are will understand the mark to convey 
information about them.”  DuoProSS Meditech Corp. v. Inviro Med. Devices, Ltd., 695 F.3d 1247, 1254, 
103 USPQ2d 1753, 1757 (Fed. Cir. 2012) (quoting In re Tower Tech, Inc., 64 USPQ2d 1314, 1316-17 (TTAB 
2002)); In re Franklin Cnty. Historical Soc’y, 104 USPQ2d 1085, 1087 (TTAB 2012). Thus, descriptiveness 
of a mark is not considered in the abstract.  In re Bayer Aktiengesellschaft, 488 F.3d at 963-64, 82 
USPQ2d at 1831.  In this case, someone who knows what the goods and services are will understand the 
mark to convey information about them, namely that their purpose and intended use is with the 
oncobiome, that the oncobiome is a feature and characteristic of them, and that applicant’s research is 
oncobiome research.   Please note that “[a] mark may be merely descriptive even if it does not describe 
the ‘full scope and extent’ of the applicant’s goods or services.”  In re Oppedahl & Larson LLP, 373 F.3d 
1171, 1173, 71 USPQ2d 1370, 1371 (Fed. Cir. 2004) (citing In re Dial-A-Mattress Operating Corp., 240 
F.3d 1341, 1346, 57 USPQ2d 1807, 1812 (Fed. Cir. 2001)); TMEP §1209.01(b).  It is enough if a mark 
describes only one significant function, attribute, or property.  In re The Chamber of Commerce of the 



U.S., 675 F.3d 1297, 1300, 102 USPQ2d 1217, 1219 (Fed. Cir. 2012); TMEP §1209.01(b); see In re 
Oppedahl & Larson LLP, 373 F.3d at 1173, 71 USPQ2d at 1371. 

 

Applicant argues that because other marks that contain the suffix “BIOME” – CARDIOBIOME, PROBIOME 
and µBIOME- its mark should also be able to register. Applicant’s argument is unpersuasive. The fact 
that third-party registrations exist for marks allegedly similar to applicant’s mark is not conclusive on the 
issue of descriptiveness.  See In re Scholastic Testing Serv., Inc., 196 USPQ 517, 519 (TTAB 1977); TMEP 
§1209.03(a).  An applied-for mark that is merely descriptive does not become registrable simply because 
other seemingly similar marks appear on the register.  In re Scholastic Testing Serv., Inc., 196 USPQ at 
519; TMEP §1209.03(a).  It is well settled that each case must be decided on its own facts and the 
Trademark Trial and Appeal Board is not bound by prior decisions involving different records.  See In re 
Nett Designs, Inc., 236 F. 3d 1339, 1342, 57 USPQ2d 1564, 1566 (Fed. Cir. 2001); In re Datapipe, Inc., 111 
USPQ2d 1330, 1336 (TTAB 2014); TMEP §1209.03(a).  The question of whether a mark is merely 
descriptive is determined based on the evidence of record at the time each registration is sought.  In re 
theDot Commc’ns Network LLC, 101 USPQ2d 1062, 1064 (TTAB 2011); TMEP §1209.03(a); see In re Nett 
Designs, Inc., 236 F.3d at 1342, 57 USPQ2d at 1566. 
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Trends in Cancer

The Microbiome and Cancer:
Is the 'Oncebiome' Mirage
Real?

Ryan M. Themas‘“ and Christian Jebin3'*

Investigations focused on the interplay between the human microbtorne and
cancer development, herein termed the ‘oncobiome'. have been growing at a
rapid rate. However. these studies to date have primarily demonstrated asso—
ciative relationships rather than causative ones. We pose the question of
whether this emerging field of research is a ‘mirage’ without a clear picture.
or truly represents a paradigm shift tor cancer research. We propose the
necessary steps needed to answer crucial questions and push the field forward
to bring the mirage into a tangible reality.

The Oncobiome Mirage Appears
Of all human maladies. nothing strkes fear into our hearts. minds. and souls as cancer. A
diagnosis ()I turmensinn, diabetes, or my other litany (rt chronic; diseases that can he nonlmlled
with medication will produce avery differontrespense than that of cancer. Researchers therefore
press forward. attempting to uncover the smoking gun to caqelain tumor susceptibility, initiation,
and pregrcssicn. This search has been tried countless t'rries with similar. ottai discouraging,
results. ‘iNl'tat then makes investigators thir‘k that work involving the host microbiota and cancer
will be any different, or is it all only a mirage?

The microbiota encompass a wide variety of mie'ccrgan‘tsms (bacteria. viruses. protozoa. fungi,
and arches) and this eclectic ecosystem shares the body space of every individual, creating a
commensal, symbiotic. and pathebiont relationship that has garnered inrreasing attention
regarding its role in cartritogenesks[seeGkrssary}11—5]. Olall the body surface. the gastrc'rtlestinal
tract harbors the greatest number and diversity of micrebrs in the human body. with bacteria
representing the bukofthe microbiotat‘t 0' 2 bacteria/gm faces) [6]. Atthougi the oncogenic role of
viruses has been recognized [13}. bacteria represent the chiefmerrthof the micrcb iota and will be
the focus of this (itemtrssit tt't. Perhaps the most recxrgrtixed link hedweert bacteria and (H106! is the
case of! l'r-h‘r'cetmcterpykfiand rtort—t:ardiagastritzcartinema [?.E!J_This hatzleritm has heart shr turn
to secretesemat viru lence factors such asGag/t {cytotoxin—asseeated gene A). VIA {vacuolating
cytotoxin A). urease. aid Mott (neitrephil—activating protein A) that rcsult in oxidative stress.
ct'trenitc inflammation. and host DNA damage that can lead to carcincrna [9-] I]. Ccnsideri rig that
H. {Marinas been designated a type | canc‘rtcgert hyttre Worldl lealth Organization [1 9,1 3]. several
clinical trials have been performed to modulatethe risk of gastric cancer by eradicating the bacteria
in infmled individufits [1 4.1 5]. A recent meta-analysis of six randomized controlled trials damm-
stratss a slight risk reduction of gastric cancer with H. mien elim'r'taticn [16}. Despite this link
between a pathogenic organism and (arcinoganesis, there still has been little direct evidence that
the symbiotic microbiota modulates carcinogenesis in humans. The relafienship between cancer
and [lie ht rsl mimrbiota. It) be termed the 'mcebiome‘, could he a [TI trage: we have an idea of art
image in the distance bill are uncertain of its true reality nrsignirmnce. What is known is thatmcre
people are tak'rtg notice of this mirage — but is it real?
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The 'mcobioms' isths expanding field
of research investigating the role of the
nfiorcbiota and associated microbiome
on hurmn tanner: dovdopment.

writs particular basis-is. such as
Esoherr'o‘tra mt. Sacrectr'des. and
Fusebacrmtm. as wet as associated
toodnsr’genotcutins. have been asso-
stated with men cancer development
in mouse are human slums. there is
no stretches that these micreces cr
metabottes directly cm cancer.

the OI‘IGObiOfl‘Ia field is WIN I'I‘I‘Iitad
by entries of microbiota assodafim
with cancer. rather than with wusaticn
of cancer.

Should the 'rtttuence of the onccbiome
be umttrmerd. it can be envisaged that
the seeming, treatment, and surveitd
lame ct cancer patients will one day
incorporate this research.
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For our interpretation of the oncobiome to become clearer. we have much more to uncover.
Much of oncobiome research is currently focused on colorectal cancer (CRO), which has been
considered the ideal malignancy to study the effects of the host-mirmbe relationship on
carcinogenesis and will serve as the model for most discussion poinm in this article. This forms
is for obvious reasons as the large intestine harbors the greatest rttniher and diversity ol
microbes in the human body (101? bactcnai'gm feces) [6]. Multiple studies using advanced
genomic approachcs have expanded the relationship between intestinal microbcs and CR0
development [1 ?—96]. humever. these investigations have mostly yielded circurrtstantial evi—
dence implicating bacteria in CR0. and should give DGUSG to those delving into the field because
the mirage may he deceiving.

What Does the Mirage Look Like?
Our currcmt interest and vision of the oneobiorrie developed over a century ago with the
idattil'ication of bacteria in cantoer specimens [W]. Since that time this association has been
further explored [28] as well the ditterenoES in fecal bacterial composition irt populations at risk
for ORG development [29]. Carcinogenesis is inherently a process of inflammation. with manyr
proinfiemmatory and immosuppmssivc pathways acting along the neoplastic proocss (Box I}
[30—32]. These immunological pamways have been functionally 'nvestigated in humans and
mouse models of cancer. irtolud'ng CFtC [33-40]. With a well-estahlhmed tripacl cl microbial
products on the innate and adaptive immtne system [41—46], one outrld speculate that bacteria
could influence carcinogmosis through immune rcsponsm. The concept is clearly illustrated in a
mouse model of impaired intestinal barrier function where the emosure of it‘T'ITIUI'IG cells to the
microbial product lipopolysaccharide (LPS) favors intestinal tLI’TIOt' growth through the action of
interleukin {ll.}—23r’ll.1? [48]. Although the link between rr‘litmhial products, inflammation, and
carcinogenesis is firmly established. the role oi microbes acting as a ormsort'ttm on neoplasia is
less clear. Ushg gcncmic approaches. multiple studies have compared the intralurninal and
muoosal surtaco microbiota bemieen healthy patients and those with CRO [19.20.23.4r.48].
Although no consensus “comer—biota has enacted tom these studies. it appears that the
abundance of laxa amrmiated with a protective function [e.g.. Roseanne) decreased while laxa
with potential deleterioth effects [e.g.. Eschencitr'ar‘Shi'gelta. Nebsfeiia. Fusobacten'um}

Box 1. The Interplay Between Mcrobes, Inflammation, and Cancer
AIme the majority of data for the interplay between host microbiota. iniiamn-etion. and Wogenesis involve
investigath on one. many of trees same pathways may be applicants to other malignmcies particularly those that
have a direct cmnioation to the gastrontestirel tract. Bacteria mav seen deletean elects on the? host in several
ways. bonding metabolism of ingested material into ionic metabolites, {fact secretion of toxic substances, and
promotim oi inflammatory pathways. For sample, microorganism-associated molecular patterns {MAMPs} are com-
ponents of the microbe such as troopoh'samharida RPS}. fagdlin. and nucleic acids that are rooogm'zed by the host
immune systemvia pattern recom'tion receptors {PFIFIs} [154- I 5ft]. Tha best-characterised of hose PFl‘Fls indude Toll-
Iiioe receptors t'l'LRsJ and Nod-Ike receptors (NU-is} tan‘tly llf'iT, IESI. Upon binding at We to these PRES. various
host man nmrthal modify im'riuna status. For m'l'l‘lpla, I PS, present as part oftha other membrane on Gran-
negative bacteria [154.159]. binds to TLth [160.161] whid’: upregulatas lL-S [162] and tumor necrosis factor tTNF}
production. with swat:un recruitment olnnnonucloar cells. inhibit ion otToell apoptos's, anniing'rtiot-r otmgulatoryT
cell {Frog} (filterentiation [32.163]. These events lead to pesistenl and umhedted inflammation. Furthermore. MMFs
some to activate “tin? with emsoouant upragulation oi the prointtmtoiy cytotdne, IL—23, and inhibition of ILvt D. an
anti-inflammatory cytoldne [32]. These proi'rtlamrnatory cytolonas roster the neoplasm cascade by promoting oeituar
DI'OHdI'EfiOI'I and Inhibiting meiosis |1 Ed. I65]. Elam on dietary cabotwd’ate consumption. Wow: 01 bacterial
fermentation leadtothd production ofyto‘t'chain tally adds (SCH) which. ther various G protein-coupled receptors
located on sciatic dpithdium. activate 004‘ r oollsw'rlh d‘iterentiatbn into regulatory T cells and the production of the
anti-inflammatory motor-tea I.- In and translern'ing gown iaclu‘ {TGFHt [SE-E. These mediates also serve to inhibit the
prohiiamnialrry cytoldnes L6 and TNF. Tharetore. in a state at dysbiosis “hereby decreased iarmerrtalion at
mandates into SCFAs toads to a relative decrease in the anti-intiamr'ratcry aignaing pathways, potentially leaan
prohtlammalory pathways unohaoktefi. This may lurtha lead to disruption or normal mithdial barriers. reedt'rlg in
bacterial transmutation and tumar statement signaling. arch dysreoualion would potentially lead to newest! host comer
proha'aficn.dscreaead apoptos's. and anrhcragn-indopondml gum - alhalI-narl-rsotmatg-tant Iranstormalion [that

CePress

Glossary
cunmmsat describes the
ratationship between two organismsin which one bet-reins without
attracting. or itself being beneficial. to
the sewncl organism.
Dyshiosis: a state wherebv the
microbial companion of the host is
unbalanced or showed toward
pm" hr mivouganiyns as
compared to the composition ct a
'haalthv' host.
Euhiosis: a state vvttordyy the
microbial composition oi the host is
of a normal proportion that is typically
[01nd in 'healthy’ 'rtdviduals.
Gum—true (on: raters to animals
cornered, born. and raised in a
sterile environment and thus lack any
moroorganisms (accept endogenous
viruses].
Mmbulomit: the study 01' the
specflic metabolites Weed bit
microbes, either inoiutctrairy or
selectively as part of the host
microbiota.
Onnnhiumn: 1116 intricate interplay
and study of the human Morohiorne
and its inllumco on canoe
development.
Pallrohinnt miooorgarisne that
normally behave in a symbiotic
mamarwith their host but eadioit
Pathogenic potential based on
changes in their abundance or
environmental conditions.
Planktnn‘lur n'iiachea that (M51 as
single cells in a hee-tloathg
entire-mam that are typically tset-
growing and suscepthlo to
entire-mental hflrencesflugs. as
opposed to microbes in a oioflm
which are slower-growing
communities of adherent baaeria
that as more tolerant o1
environmental marenoes.
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Increased an ether stool or mucosal location [219]. These studies therefore suggest that microbial
dysbiosis is associated with CBC development. Whether these associations are causative and
can therefore modulate initiation. progression. or metastasis remains unclear.

Nelmthelms, the concept [hat dyebiosis could be inked to ()F-IC pushed investigators to test
whether microbial genes could serve as calmer biomarkers [bust These studies showed that
the detection of non—invasive. catty—stage ORG could be feasible by using taxonomic microbial
markers. Although microbial biomarkers do not need to be functionally inked to CH0 [0 be
clinically useiul. the study of microbial genomics in relation to CRO pathogenesis must push
beyond the assumialive phase to signifitanlly conlribute to disease knowledge. Adding com—
plexity to this Issue. microbiome data are not informative of the organizational level of microbial
communities in a given niche. A recent study has reinforced the notion that genomic analysis of
fecal samples. alone may provide limited irlfonhalion on host—mimtbiota irtlsxaclion in CRC [5?].
Indeed, right—sided colon tumors are more likely asstxnated with bicl'llm-producirlg bacteria
becaum they were presenl in 89% of samples versus only 19% of left—sided [limors associated
with biofiim—producing bacteria. In addition. subjects with biofirrl—positivc tumors possessed
bicfilm aggregates that were distant from their tumors and that were associated with normal
mucosa. perhaps indicating susceptibility to such colon‘zation. Clearly. microbes I'Ning in a
planktonic stale exhibil a different plat-irlotypic and melabolomic profile than those organixed
III a biofilm norhmunily [53—56], and this must be accounted for in future ilwesligalims.

Even assuming a single causative organism. which is unlikely to be the case. difficulties culturing
specific microbes to fuifill Koch's postulate have created barriers to establishing cancer causa—
tion. Nevertheless. evidence gathered from preclinical models hint at a functional role of
microbes in CF‘tC. For example, germ-tree {GP} Fischer rats delrlonslraled decreased sponta—
neous tumor formation compared to conventionallyI housed rats. as well as dcercased intestinal
tumors in a 1 .2—dimcthylhydrazino—inducod model of carcinogenesis [area]. In addition. utiliZIng
the adenomateus potyposis coli {AFC} multiple intestinal necplasia (Min) murine model of colon
carcimigenesis. which possesses a po'rlt mulatinn in [he mun'rle homolog of [he human AFC
tumor—suppressor gene that results in multiple (>100) intestinal adenomas [£99]. a reduction in

colon tumors was noted in CF ApcMW‘ mice compared to convmtionallyr housed controls [60].
Finally. increased carc'nogcncsis was noted alter the ottcral introduction of Fusobactcrfum
mieieatum or enteretoxigenie Baetcrol'des liagiiis. in ApcMW' mice confirming the efiect of
bacteria on canmr Iorrnation in vilm [4161]. However, as opposed [o IBD where arltihiolic usage
has sicwn some clinical effectiveness [62—64]. no such cl'nical studies are available for ORG.
Deemfle Ihese dala in favor of the oncobiome, the n‘licrohiola may also prevenl tarcinogt—ylesis
through protective mechanisms. detoxification. or anticancer metabolites [Bo—6r]. Precedence
has nevertheless been established that supports a potential modulatcry role for microbes in
caminngenesis [5158.60.68]. l-Iowmer, Ihese models do nol replicate clinical reality, and UHF—
causing bacteria in mouse models have not been confinhod by observational studies in humans.

The Ever—Changing Mirage
While [he (IIEKJI'IIOII’IB mirage has. nol revealed [he (tasis. of desired answers. the image is
beginn'mg to morph from bacterial association lo causathre pallwvays. Despite the fact [hat
prospective/lurgiludhal studies have not been able to assess CF‘tC risk in patients based on
changes in their microbiota. animal studies have begun to interrogate the mechanistic details of
bacteria—associated carc'negenesis. Current sludies are IOGLPSII'tg on the links between CR0 and
toxic bacterial metaboiitcs. diet—induced changes. and bacteria—derived gototoxic substances.
albeit unproven in human studies. For example. under eubiotic conditions the microflora ter—
ments ethanol 'nto acetaldehyde and carbohydrates into the three mhary short-main fatty
acids, acelate, propionate, and bulyrale [care]. II has been demonslraled that a (Xirreialiun
may exist between low—butyratc and high—acetate levels in patients with adenomatous polyp
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formation and colon cancer [n.r2}. Although no difference in the overall bacterial ooniinunity
was demonstrated, titers of the butyrate—produeing species .f'i‘umr‘noooccus and Pswdooutyr—
firibn'o rumian were tower in Cl'iC stool specimens. whidi (mrrefaled with lower hutyrate levels
[?2]. While preclinical models have demonstrated a role of microbederived butyrate in damp-
eri'lig (xrlitis—associated CRC developrrient, similar studies have shown the opposite effect
[KS-it i‘]. This may be secondary to host genetics or possible implications of dietary fiber [f8].
thus setting the stage for microbial activities behg central to diet—induced carcinogenesis. The
role of butyrate and other diet—induced metabotites iri carcinogenesis likely requires further
investigation.

In addition to the products of carbohydrate metabolism. to><ins from bacterial metabolism have
likewise been implicated in Cl'tC. For example. avarier of ingested com pounds and nutritional
oomponents are metabolized by host microbes into potentially pro— and ariticarciriogeriic
metabolites [69,?9.80], such the metabolism of proteins into N-nitroso compounds,
amn‘ionia, polyamines, and hydrogen sulfide. Colonic epithelial exposure to these metabolites
results in chronic inflammation [69.81—86]. The role ofthose compounds in CRO development
is in many ways still hypothetical, and may be related to direct dietary ingestion rather than to
byproducts of bacterial metabolism [8?]. However. these studies are limited in that they rely on
the local effects of rnim'ohiota-produced toxins. such as inflammation and epithelial cell
damage in the case of CRC. Although potentially important, studies have not taken into
consideration carcinogenic mediators that may act from distant sites [88—91]. It is currently
unknown if systemic absorption of such metabolites infers the same potential cancer suscep-
tibility as seen experimentally at the local (epithelial) level. While the production of pro— and anti—
initammatory metabolites hy the (:ommerrsal system has been implicated 'n CFtC initiation and
progression, ttre data regarding an actual causal relationship still do not exist [9124,99].
Furthermore, fecal samples alone should not be relied upon for investigating the influence of
microbial metabolites on carcinogenesis because metabolites from various sources can be
detected in semm and who samples. and may correlate with gastrointestinal dysbiosis or ORG
risk. Metahotorriics of senrm and urine sarriples should therefore be undertaken to detect
dysbiOSis and cancer risk because fecal samples alone may not account for metabolites that
have been absorbed by the host [93—9 if]. It is these metabolites. and their resultant influ once on
the host. that will potentially playr a large role. if one exists. in canccrdevclopment and demands
further investigation. The development of computational algorithms capable of integrating the
vast amounts of heterogeneous biomedical data (metabolites, GWAS. etc.) may help to
generate an interacting map between microbial metabolites and host cancer susceptibility.
and foster design of hypothesis—driven experiments.

Moreover. bacteria-derived genotoxic substances have gamered attention for their direct ability
to impart DNA danage, which is district from geriotoxicily from bypmxtucts of bacterial
metabolism such as hydrogen sulfide and reactive oxygen species [6932.85.86.92]. An
example of such a gerurtoxin is oolhactin, entxrded by the polykelide synthase mks} genoloxicity
island, which is found primarily in the Enterobacteriaceae family of bacteria. of which E belt of the
B? group represents the rriairi carier [98]. The genotoxic effect ofpks—[xmiliye strains off-T. coir is
likely secondary to the induction of double—strand DNA breaks with subsequent cell cycle arrest
and genomic instability [6639.100]. Previous studies showed that colonic mucosa] samples
from patients with ORG had a highcr prevalence of pics—positive E. cofi' compared to controls
L99.101.109].Allhough preclinical models showed that pits—positive F. coit' strains promote CHO
931101.103]. the link between high E. coil prevalence. genotox'ic'rty. and nooplasia in human
Cl'tC has not been demonstrated. Therefore. the microbiota—mediated mechanisms of cancer
initiation and progression, at least as it cmentty stands for ORG. are potentially multifold. As the
mirage changes, further details regarding a [xrtential role for specific; mimobes, microbial
metabolites. andr’or genotoxic agents will be necessary to maintain a doe image.
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How to Make the Mirage Clearer
Topass the correlativethreshotd of onoobion‘ie research and move hto causativetBrrltory. avarith
of studies ushg human-derived. (:anmr—asmciated mimnbes are necessary {Figim t}. For
example. it would be 'rnpcrtant to determ'ne the oncogenic potential of both hurrah biofilm-
posilive and luminal microbial oomnunities in presiirrical models and to define their carcinogenic
activities. This is especially important given that studies using stools from either healthy subiects or
ORG patients haw provided suprising results on the relationship between luminal bacteria and
CH0, sum that CFiC develnpma'il was more prominent in GF mice transplanted with slmls [mm
healthy subjects titan those tram CHO patients [1021]. Therefore, although one is communicable
between mine [105], the translar oi Carcinogenesis between human and mouse remains to he
established. Precl'nical models using transmission of rinse microbes would therefore hep to
dcfnethe natural history of both sporadic and hereditary forms of carcinogenesis. as has been
Used to study the 'mpacl of early F. not prof coloniaatiun on intestinal murma [106].

Morernrer, it is impflrtanl tr) understand if [he acquis'rtion 0f Inicnbes with carcinogenic potential
at birth influences ORG development later in life’iI It is known from kindled data and population
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Figure 1. Proposed Oncobiorne Studios Necessary to Progress the field of Research. Cmosrsubjeotstgrav} or
healthy arbist Mite] are prosmtnd tor oath ama at nodded investigation. (A) (imam-associated micmhiota (year-m] is
transmitted to fries with mmarrizod immune systems to imcstigatcthsir inlaaclion with the: human immune system and
their ahililgrI to same cancer. (Bi Patients at figt risk Er With a gonntir; maisrms'tim to cancer at: treated with mininhima
reptacsrnenl Ihaapy to restore erbiosis (tattle). Patients are oorrpaed to Ihe general population and control subjects not
treated with ntisrdJiuta replassrnmt heady tor ditterensefi in sander 'nu'dends. {C} The rrl'cmbiula L1ow patients are
screened tor lqtown cardnogenic rnolsdrbss 31d genes. Cand dates are identified and isstsdr'rr vimiur their wilin to cause
Gander tormation. (D! the nticrohiota ot Gamer patients are deteim'nsd batons and alter standard cancer treatment.
Determination is made WWW; mstoration ot eubiosis and it continued or recurrent dvsbiosis is associated with cancer
recurrence. {[3 Thomicmhiota ofhmlthvI subjects are detnrmi nod prospectivva correlated with the development ofpro
cartwmus md cmcsmus lesions. (F) The n‘icmhiota of hrrattht.r indri duals am determined for various rman systra'ns and
body fluids. This will prove mum's! for fuiuroinvosiigyrlions and In determine if body litidsfspocimmsirom mrzsitman act as
a surrogate for a diltsrerit disease site.
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studies that the age of onset for people with predispositims to canoers. such as hereditary
breast or gastric, or those associated with chronic 'nfiammatory states such as CRO with
uloerative oolilis. is yomger than for srxnadit: forms {HGT—11?]; National Gamer lnslilute
Surveillance. Epidemiology. and End Results (SEER) Program Fact Sheets: Breast Cancer,
fIttp:fx‘seer.cancer.gov!sla[fat:tsihlmlrbreasLhtrnl; Colon and Rectum Cancer, hltpfr’seer.
cancer.govfstatfactsahtmLtoolorecthtmi; Stomach Cancer. http2’2“seer.cancer.govl‘stattactslr
htmLi’stomamhtml). 'lhis demonstrates a potential lead—time between genetically ‘ndueed
and mitrobe—induoed cancers. and liteew represents different tin‘lelines of progression. Regard—
less. the question remains: is microbial carcinogenic activity triggered early upon colonization or
is it llider the influence of external factors (diet, inflammation, or erwironment}? Fvidenoe exists
that our microbiota are established in atom and develop rapidly. but with stable diversity dunng
the first year of life. and continue to increase in abundance throughout the first decade
[1 13—115]. This may suggest that alteration of the mimcbiota dur'ng life via external factors
(diet. mv‘mnmenl) alters cancer susceptibility. The friding that the E ooii pks' slra'n fails to
prornole CFIC in a model of (mlitis—assmiated ORG highlights the complex interaction between
microbes and host [116]. In this study. the authors showed. using H10 / mice dcfectrve in
mature T and B lymphocytes. that development of colitis—(aminogmesis led to transcriptional
changes in E. colt gene repertoire, includ'ng genes present in the pits genotoxic island.

Furthermtxe, ooutd miombe—deriw—xt caroirurgenit: moleoules and genes be detected 'n CRO
patients and do they correlate with malignancies? For example. expression of the F. nucieatum
virulence factor FadA {HJsobact’enum adhain A}. which is implicated in bacterial attachment and
invasion. is increased in carc'noma tissues of CR0 subjects and correlates with oncogenic and
inflammatory host gene (actression {Box 1) [11?]. Similarly. the bf! LBHCft—‘mtl’ffl‘t fragii'rs toxin}
gene responsible for the enteroloxir: properties of enlerotoxigenic Bacteml‘des {raglt’s and CRO

development inApcMN" mice [51] was found in agreater proportion of colon cancer specimens
than healthy mucosal controls. suggesting a role for this bacterial toxin in carcinogenesis [118].
Finalty. as the data on the interaction of the microbiota with the host immune system and tumor
micmenvircnment mature [6.4166119]. utilizing mioe with humanized immune systems in
oonjunction with human microbes will prove crucial 'n dissecting the interaction between host
microbes and the immune system in carcinogenesis [120.121].

As 'nsight is gained regarding the onco‘oiome, focus will be placed on treatment of human
diseases and rniligaling tamer risk. Growing research has demonstrated the influence of the
host microbiota on various chemomerapeutics [119.122.123]. Because not all chemotherapy
trials result in drug efficacy against their targeted cancer, it can be hypothesixed that this maybe
secondary to intestinal dysbiosis. which was not accounted for during trial design [124]. As such.
it would be advantageous itthese trials incorporated microbiota stu dies to con-elate drug efficacy
with mitrobial composition.

Finalty, although the ontnbiome in CRO is presently the most mature arr-51, other r‘natignancies
demand attention. Gastro'ntestinal tumors (e.g.. esophageal. gastn'c. hepatobiliay. and pan—
creatic] seem to he natural starting points. and the findings of CHC—rnirmhiota research are
potentially directly applicable to these malignancies as well. l lowever. it is currently unknown
what fiuidflissue sample(s} from thtse organs best reflect their unique microbiota. For example,
is the microbiota of the bile. pancreatic fluid, or duodenum most reflective of hqnato—pancreato—
biliary (HPB) malignancies, or are these malignancies not influenced by their local microbiota but
instead by microbiota from distant sites? The difficulty then becomes sample acquisition
because obtaining such samples requires invasive procedures. However. one solution could
be to recruit patients for trials who require upper endoscopy as part of their canco’wolkup. With
these samples, future studies can initially focus on understanding the normal biota and later its
possible connection between microorganisms and carc'nogenesis.
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Have We Reached the Mirage?
That the microbiota can cause cancer is a unique and potentially paradigm—shifting event. What
then is to be done it particular bacterial species are connmred to cancer? Hypothetical
interventions would be basad on the cmsiderations of screening. D'eatment. and surveillance for
each particular cancer (Figure 9). Using ORG as an example. screening begins at the age of 50
years for patients at average trek. and oncobicme tests could potentially augment or replace
current screening modalities. For example. one National Comprehensive Cancer Network
remmmerutation is that stool—based high—sensitivity guaiac or i'rrmunohi‘sttmhemiral tasting
be performed annually. This tester aims to detect occult blood and has been shown to reduce
CF10 mortality [1?5—1??]. Because admomalcus (pm—malignant} polyps and early cancers may
bleed only interrnittmtly. it at all. this testing has the disadvantage of not being able to detect
these lesions, prompting the recommendation to test thee successive specimens. Emerging
technologies rely on the detection of mutated AFC or KRAS genes. or vimerrtin methylation 'n
lurnor Emails slrnrghed in the stool. Overall, these tests have (‘lH'rronslrated poor sensitivity and
specificity, and only one is currently available in the USA [1 28—1 30]. This method oi screen 'ng is
costly and. similarly to other screening methods. it relies on the detection of early signs or
symptoms of canmr and thus is not necessarily preventative. Homver. onoobiome screening
could potentially be designed to detect not only individual bacterial species associated with
(:rarrtrer but also dysbiosis long beiore admornatrxrs polyps or cancer have developed. hdaed a
recent study characterized the microbiota from ‘healthy' subjects and those with adenomas or
CRO as ccnfin‘ned by coloncscnpy [.51 .131 ]. and found that. when combined with known clinical
risk factors for CHO (age. race. body mass index}. combining six specific operational taxonomic
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i igure 2. iiyoothelical integration oi the Omobiome into the Care 01 Cancer Patients. Each area is divided-rite
somingfiroatmont, and Rarvcillancc phases. I‘acl'r phase characrm'ze; rho microbiota cfthr: patient based on tho car-ray
to he scrommr‘imatcd fin, {races for 020;. Treatment is has” upm med mgirmnsthat have dermn titrated effimcy with
a palbcuiar rrirmtiota cr metabolite profile. It can bu onvimgud lira: patients who have rcsloratim oimbiosis will have
improved smear survival mnpr to those who maintain or [clause to dysbiosis alts treatment.
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units (OTU} of gut microbiota in stool sanples significantly increased the ability to differentiate
heaithy subjects from those with adenomas or ORG. Likewise. taxonomic markers were
identified through melagenomic sequencing of fecal samples to distinguish CRO patients from
tumor-free patients i501. While the sensitivity and specificity of the taxonomic markers was
similar to the currently used screening method of feral [)(XItltt blood testing (FORT: sensitivity
58% vs 49%. respectively; specificity 92%). their combined use with FDBT increased the
sensitivity of Ct'iC detection by more than 45% compared to FOBT alone (?2% vs 49%,
rememitety}. while maintaining the specificity [99%). While these data are limited, they demon—
strate the possibility of utilizing mlcroblota composition to predict disease. It may therefore be
envisaged that a proattive. as opposed to reactive. screening strategy could be implemented to
prevent cancer fonhation. possiblythrough dietary modification as one example. i towcvcr. while
diet has previously been shown to alter the host microbieta. the direct effect of dietary
modification on caminngenesis is currently uriresntved [13?—134j. This screening strategy
may also be useful for other malignancies as more evidence emerges on the oncobiome: saliva
for nropharyngeal cancers. sputum for lung cancer. vaginal secretions [or ovariarvfulerfnef
cervical cancers. urine for renal and ur'nary bladder malignancies. and potentially fcccs for
other gastrointestinal malignancies.

In the field of oncology. it is the hope that with the mreening and diagnosis orcancer will come
treatment options. Much effort has tomsed on iru‘tiwiuali/ed medicine. as evidenced by the use
ofgene arrays and patimt—deriwd tunorxenografts to help guide patient discussions on cancer
treatment and recurrence risk [135-140]. Assuming that the host microbiota plays a role in
cancer. it too will provide an individualized approach to treatment. The potential influence of the
micmhiola on drug efficacy has been highlighted. and may have a great impact on future
(:t‘ler'r‘tolherapy trials {119.193.141.1471A situation can be envisaged whereby the microbiota of
each patient is tested. before starting a chemotherapeutic treatment strategy. to choose the
agents that witl offer the greatest benefit. In this manner. the onoobiome will enter the arena of
personde medicine for cancer (are with limitless pcssbilities.

Finalty. as we gain a greater understamding of host eubiosis and the dysbiosis that occurs it
various diseases. it is intriguing to think about restoration of cubiesis after cancer treatment.
Typical cancer surveillance involves radiographic imaging which incurs a large financral burden to
the patient and the medical community. However. it the curative treatmmt of cancer results in
the restoration of euhiosis. this (an be used to the advantage ot the medical community for the
purpose of cancer smieillanoe white limiting the use of current In odatities. Much in the same way
as the postoperative rise of serum tarrzitoerr'brytnit: antigen {CFA} levels may indicate ORG
recurrence [ 143—l4b]. a state of dysbiosis after postoperative restoration of eubiosis may
indicate cancer recurrence or risk of recurrence. Tests for dysbicsfs could potentialiy ‘mprove
or augment the sensitivity and specificity (acumen—available serum tumor markers. especially
when one considers the fact that commonly used tumor markers have vanable sensitivity and
specificity for the diseases they aim to detect, are not pnodm;ed in every clinical scenario by
specific tumor typcs. and can have false positives even in the setting of curative surgery
[146—152]. Gamer survival cnutd be modified significanlty by identifying patients who 'relapse‘
into a o‘ysbiotic state. Lifestyle. dietary. or pharmacotogic modifications could therefore be made
to restore eubiosis and mitigate this risk. Altematively. introduction of an entirely nevvI microbiota
could be envisaged. similarly to patients with recurrent Ciostn‘dium dietetic infection [153].

Concluding Remarks
Despite the fact that there is. as yet. no direct evidence linking the hm‘lan microbiota to cancer
development and progression. the oncobiome field continues to grow rapidly with many
unanswered questions {see Outstanding questions). The appeal of micmybiola as at active
oornponent of diseases and health is too great to ignore. and htense investigation in this field of
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Outstanding Questions
What owner-associated mieoeiota
profiles result in cancer initiation in mice
with humanized immune systems?

Does the amuis‘tim oi nicrobes wilh
oareimgenic potential salty in life intiu
once amour development tater in lite?

Is the cardnogsnic activity at particular
nv'crebes "tagged upon colonization.
orisa ammo 'hit' from external teeters
(diet. environmenl. chronic inflamma—
tnn} raved?

What isthelesdtime between colt-122i—
tion with weer-associated microbes
and cancer development?

Can microbe-dented carcinogenic
molewles andfor genes be detected
in human specimen-Is (med, urine.
saliva}. and do they correlate with can-
cer presence, stage of disease, or
response to chanmhwapy‘?

What patient Samptes are most reflec-
tiu-e at the nieiobiota ot a particular
organ or cancer? For eolsmple, is bite
most reflective of hapato-pmcreato-
biliary manganese or is stool an
appropriate surrogate?

Is dysbiosis a name-k of particular
cancers compared to healthyr controls.
and is resmalim of ouhlceis alter
treatment for cancer an indicator of
impn'wed mnrivat?

Can alteration UT the miuooicla et indi-
viduals at high-risk [or camer- devidop-
mmt mitigate their risk?
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research. especially came. would likely shed light onto this ncwel pasdign. While some smdies
demonstrate me association of micmbial populations with various cancers. others have begin
to interrogate the intricate relationshp between the host. its immune system. and its microbiota.
Placing added lows on the cncobion'le 'n the context of clinical d1e'nctherapy trials will
Lndwbtedly yield important infcn'naticn with regards to dug metabolism and efficacy. Finally.
ehoulcl elements of the host microbiota pmve to have a direct role in cancer development. the
inpllcations for me! screening. treatment. and wwefllance are l'mifless. This dynamic field is
only in its hfemy. md advancing it will require a conceited effcrt between the medical and
scientific ccrnrnmities to view the mirage as reality.
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A BSTRAI f'l‘

Humans and other mammals are colonized by microbial agents across the
kingdom which can represent a unique microbiome pattern. Dysbiosis of the
microbiome has been associated with pathology including cancer. We have identified a
microbiorne signature unique to ovarian cancers, one of the most lethal malignancies
of the female reproductive system, primarily because of its asymptomatic nature
during the early stages in development. We screened ovarian cancer samples along
with matched, and non—matched control samples using our pan—pathogen array
(PathoChip), combined with capture-next generation sequencing. The results show
a distinct group of viral, bacterial, fungal and parasitic signatures of high significance
in ovarian cases. Further analysis shows specific viral integration sites within the
host genome of tumor samples, which may contribute to the carcinogenic process.
The ovarian cancer microbiome signature provides insights for the development of
targeted therapeutics against ovarian cancers.

INTRODUCTION ovarian carcinomas [2 5]. However, recent studies from
our laboratory and others have l‘ound that Ihe turn or
microbiome may be far more complex. We have defined
unique microbial signatures associaled with triple negative
breast cancer and head and neck cancer [6] (Banerjce
er al. unpublished). These signatures potentially provide
insight into predisposilion, presence or prognosis of the
cancer. Such diagnostic data may increase the therapeutic
potential for early detection and tieatiiient.

In the present study we used the PathoChip,
a micrtvarray—bascd approach comprised of probes
for detection of all known viruses and other human

In the US. ovarian cancer is the second most

common and most deadly of the gynecologic cancers,
atl'eeting l in it] women, with a mortality rate of l% of
all women (httpti'i'mvwmerckmanuals.eoine'professionalr"
gynecology—and—ohsleU-icsigynecologic—tumors-"ovarian—
cancer). This accounts for its being the 51h leading cause
ol'cancer—related deaths in women, causing an estimated
32,280 new cases (1.3% of all new cancer cases) and
14,340 deaths (2.4% of all cancer deaths) in 2016 (www.
cancer.org). importantly, the incidence is even higher in

www.irnpactjoumals.comloncotarget

developed countries (htlpf-‘wwwwcrliorgj. Due to [he
asymptomatic nature of the early stage of the disease
most patients go undiagnosed until the cancer reaches an
advanced stage [1 Thus finding specific hiom aritcrs for
earl).r diagnosis o t' the disease is of utmost importance.
Many studies have Found that DNA of the Human
Papillomavirus (HMO—16 and llPV—lb‘ is associated with

36225

pathogenic microorganisms l6, 9]. The current version
o[' the Pathot'Ihip contains 60,000 probes representing all
known viruses, 250 helminths, 130 protoma. 360 fungi
and 320 bacteria I6, 9|. In addition to proch that idcrilify
specific virtis'es and micro-organisms, PathoChip also
contains fam ily-specific conserved probes which provide
a means lor detecting previously uncharacterized members
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of a family. Using this technique we have previously
identitied a microbiome signature associated with triple
negative breast cancers [6], and oropharyngeal squamous
cell carcinomas (Banerjee et at, unpublished).

We have used 99 ovarian canccr samples and
20 in atched (tissue adjacent to the tumor deemed non—
cancerous by pathological analysis) and 20 unmatched
control samples to define a specific ovarian cancer
microbiome signature which is distinct from the signature
of the controls To corroborate these results we selected

microbial probes across the dillerent organisms detected
by the Pathc-Chip screen and used them to capture
the signatures from the ovarian cancer samples. This
enrichment allowed targeted next generation sequencing
to validate the PathoChip screen results and also allowed
us to identify microbial insertion sites in the host genome
of the ovarian cancer tissues. The data generated in dais
study suggest a robust and specific microbiome associated
with ovarian cancer. “’hether or not. these organisms
contribute as direct drivers to the cancer or simply
persist as bystanders or secondary in a supportive tumor
microenvironmcnt remains to be determined.

RESULTS

Microbial signatures uniquely associated with
ovarian cancer

We used the Pathotjhip technology to screen ovarian
cancer samples, as well as matched and non—matched
controls. To establish the microbiome signatures we
compared the average hybridization signal for each probe
in the cancer samples versus the controls. These probes
that detected significant hybridization signals inthe cancer
samples (p—value <2 0.05, log fold change in hybridization
signal 2* logl), were considered. Additionally. we
calculated the percent prevalence of the specific microbial
signatures in the cancer samples, these data indicate how
prevalent a significant virus or microorganism signature
is in the cancer samples regardless of the hybridization
intensity. Similarly, we also detected microbiome
signatures in die matched and non—matched control
samples versus the ovarian cancer samples. The signature
of non—matched controls is quite distinct while there is
more similarity between the tumor tissue and the matched
controls. However, there are distinct viral and microbial
signatures in the tumor—specific signature.

Viral signatures associated with ovarian cancer

The viral signatures detected in the ovarian
cancer and control samples are shown according to
their decreasing hybridization signal along with their
prevalence in [Figure 1A 1E. By summing all of the
hybridization signals for viral families we found that
the predominant signatures detected in the ovarian
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cancers were positive sense single stranded RNA
viruses, double stranded DNA viruses and negative
sense single stranded RNA viruses {Figure 1A). Among
the signatures for viral families detected, 23% were
identified as tumorigenic viruses {Figure 1B), and were
prevalent on average, in more than 50% of the cancer
samples screened (l-igure 1C). Signatures of [{etroviridae
showed the highest hybridization signal, followed by
that of Hepadnaviridae, Papillomaviridae, Flaviviridae,
Polyomaviridae and Herpesviridae (Figure lC). Notably,
Papillom aviridae family members have previously been
shown to be associated with ovarian cancer [2, 10].
Interestingly, we found papilloma virus signatures in
the cancer samples and in the non—matched controls.
but not at significant levels in the matched controls.
the papilloma virus signatures in the ovarian cancer
samples screened included not only llPVlt’: and 18 but
also other HPVs (HPV—2, 4, 5, oh, "i", If}, 32, 48, 49, 50,
60, 54, 92, 96, 101, I28, 129, 131, 132) (Figure 1F).
However the HFV signatures in matched controls that
showed significantly high hybridization signal intensity
over those in cancer samples. were HPV 41, 88, 53 and
103 (Figure 1F). We also found an abundance of other
viral signatures in the ovarian cancer samples (Table I,
Figure 11", and Supplementary Figure 1), including
1|erpesviridae(1l|lV-4, l “IVS, IIEIVS, IlllVGa, lIIlV (11)),
Poxvmdac (both pox and parapoxvirus), Polyomavindae
(Merkel cc11 polyomavirus, JC poiyomavirus, Simian virus
40), Retroviridae (Simian foamy virus, Mouse mammary
tumor virus).

1n the adjacent matched controls and in non—
matchcd control samples, we also detected signatures
of tumorigenic viral families, along with other viral
signatures (Figure 1t) and 1B). Figure 1G and Table l
shows the common as well as unique viral signatures
detected in ovarian cancer. when compared to the matched
and non—matched controls.

The data suggest a substantial perturbation
of the virome in ovarian cancer. First, the average
hybridization signal for the viral families detected in
the cancer is actually lower compared to the control
samples (compare Supplementary Figure 1 with Figure
lC—lE); Second7 despite lower hybridivation signal for
many viruses in the cancer samples, the viral families
present are quite different from controls; for example.
signatures of Anclloviridae, Astroviridac, Bimaviridae.
Bomaviridae, Caliciviridae, Hepadnaviridae, lridoviridae.
Paramyxoviridae, Rhabdoviridae and Togaviridae
were detected at significant levels only in the cancer
samples (Supplmnentary Figure 1, Table 1). Third,
among the viral families detected in both cancer and
control samples, specific members of a virus famin
differed between cancer and controls. For example,
specific molecular signatures of the high risk l-ll’Vlt’:
and 18 were detected only in the cancer samples and
not in the matched or non—matched control group.
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Tnsteatl the non—matched control samples showed
significant detection or molecular signatures of the
L1 major capsid gene of HPV 41. 88, 53, and H] gene
of l-ll’V 103 (Figure 1F and Supplementary Table 2 .
A similar situation was detected with the poxviridae.
“’hile signatures ol' poxviridae that are conserved
across the family were significantly detected in cancer
as well as the controls (both matched and non—m atchetl)
(Figure 11“, Supplementary Table 2), highly specific
signatures of certain pnxviruses [Monkeypox virus,
Myxoma virus, Yaha monkey tumor virus (YM'I‘V),
Yaba—like disease virus (YLDV)] and paraposviruses
[(l’seudocowpox virus (PCP), Ort‘ virus (Orf), Bovine
papular stom atitis virus (BPS VJ] were detected only in
the ovarian cancer samples (Figure lF, Supplementary
Table 2). The specific parapoxvirus signalures detected
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were that ol' ll.—l0 encoded by OrE' virus and Bovine
papular stomatitis virus, and the A—type inclusion protein
of l’scudocowpox virus and Orf virus, as well as the
glycoprotein of Orf virus (Supplementary Table 2).
Specific signatures of poxviruses detected were sequences
of thymidine kinase (66R) and ankyrin repeat (MTR)
ol' the tumorigenic Yaha monkey tumor virus, 3—heta—
hydroxysteroid dehydrogenase of- Yaha—Iike disease
virus (Supplementary Table 2). Also, the majority of the
Polyomavirus probes significantly detected in the ovarian
cancers were that of Merkel cell Polyomaviruses which
were undetectable in the controls, whereas the majority
of the l’olyomavirus probes detected in the controls were
that of SW40, traces of which were also detected in the
cancers (Figure lF, Supplementary Table 2). Among the
Ietroviral probes dctecletl in the majority of cancers were
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Figure 1: Viral signatures detected in ovarian, matched and non—matched controls. (A) Molecular signatures of viral
groups detected in ovarian cancer, with the total hybridization signal for each viral groups (sum of average lwtxidization signal for all the
representative fiarnilies in the group) represented according to descending order as a bar graph and prevalence of the same as dots (B) The
percentage ofturnorigenie viral signatures detected in the ovarian cancers are represented in a pie chart. (C) The average hybridization
signal ofthe amorigenic viral signatures detected in the ovarian cancers are represented in the decreasing order as a bar graph, whereas
theirrespecfive prevalence are represented as dots. (D and E)The signatures of viral families detected inmatched (D) and non-matched (E)
controls are represented according to decreasing average hybridization signals as bar graphs, and their respective prevalence as dots. (F)
Heat map of average hybridization signals for probes of Poxviruses. Retroviruses, Herpesviruses, Polvornavimses and Papillounavimses
detected in ovarian camel's (0C), matched (MC) and non-matched (NC) cmb'ols. Heat map of average hybridization signal of both
conserved and specific probes of Pomdridae are shown. Among the conserved pomriridae probes mentioned, (:1) comprises the conserved
probes detected significantly in the ovarian cancer versus the connols, and (b) comprises the conserved probes detected significantly in
the controls versus the ovarian cancers screened In the heat map with Herpesvirldae probes, those mentioned (c) are conserved probes
All other probes in these heat maps are specific probes. (G) Venn diagam showing the number ofviral families women or unique to the
ovarian cancer and control samples
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specific probes ol'Ntammary Tumor Virus (ht-MTV) and
Foamy Virus (SFV), whereas, the majority ol'Retroviral
probes detected in the controls were specific probes
for the lentivirus subgroup of retroviruses (Figure 13,
Supplementary Table 2). Interestingly, the detection
of llerpesviridae probes identified llllVE with high
significance in the non—m atched control compared to the
cancers. However, the cancer samples showed detection
[or conserved and specific probes of HHVfiA and
HHVI‘SB which were undetectable in the controls Other

herpesviridae probes of lllllv'4, lilt‘v’i and TlllVS were
detected in both cancer and non—matched control samples
(Figure 1F, Supplementary Table 2).

The data as a whole suggest that specific viral
signatures are dramatically altered in the cancer tissue.
Some signatures appear only in the cancer or have
significantly increased hybridization intensity, while
others are decreased compared to the surrounding tissue.
Several points must be kept in mind when considering
these data: I) the tumor microenvironment may provide
advantages for the persistence of some viruses, thus
promoting their presence in the cancer. Hence, their
presence need not be related to the cause of the cancer.
Similarly, the appearance ot‘ a virus in the matched
control and not the cancer may suggest that the tumor
microenvironment is inhibitory for persistence ot‘ the
virus. 2) The probes may also be detecting relatives or
variants of known viruses li'orn which the probes were
derived. For example, specific probes for lentiviruses
including HlV—l were positive in the analysis of control
samples. These are dc—identified samples; however we
doubt that these patients were HIV positive but suspect
that the probes are likely detecting the presence of a
related7 uncharacteriyed hum an lentivirLLs.

 

Identification of bacterial signatures associated
with ovarian cancer

Similar to that seen with the viruses, the bacterial
signatures of the tumor tissue were dramatically altered
from those of matched and non—matched controls. The

specific bacterial signatures detected in the cancer and the
matched and non—matched samples are shown in Figure 2A
according to their decreasing prevalence. Two predominant
bacterial phyla were detected in the ovarian cancer samples
screened. They were Proteobacteria (52%), followed by
Fir-micutes ( 2%) (Figure 213). We also detected other
phyla at lower percentages including Baeteroidetes,
Actinobacteria, Chlamydiae, Fusobacteria, Spiroehaetes
and Tenericutes in the cancer samples. Signatures
ot' Protcobacteria and Firmicutes were also detected

significantly in the matched control samples screened,
and that of Proteobacteria, Actinohacteria, liacteroidetes
and Firmicutes were detected signiticanlly in the non—
matched control samples (Figure 2T3). Many more bacterial
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signatures were significantly detected in the cancer samples
compared to the controls. The signatures associated only
with the ovarian cancer samples are listed Table l). The
different bacterial signatures, unique or common to the
control and ovarian cancer samples are listed in Table l
and represented in Figure 2C.

While signatures of Pediococcus was detected
with the highest hybridization signal in the ovarian
cancer samples screened, followed closely by that
of Burkholderia, Sphingomonas, Chryseohacterium,
EnterocochLs, Staphylococcus, Treponema and
Francisella [(log gr’log r) 1* ll, Shewanclla signatures
were detected with the highest prevalence in
91% of the cancers (Figure 2A). The majority of
the bacterial signatures detected in the cancers
had high prevalence, except for signatures of
Escherichia, Legionella, Streptobacillus, Ureaplasma.
Clostridium, Geobacillus which were detected in
less than 50 percent ol— the cancer samples screened
(Figure 2A). interestingly, there are no common
bacteria between all 3 types of samples (Figure 2C,
Table 1). However, 5 agents were shared between the
cancer and non—m atched controls, and 3 agents between
the cancer and matched controls (Figure 2C, Table I). 52
unique bacterial agents were detected predominantly in
only the cancer (Figure 2C, Table 1).

Identification ol'l'ungat signatures associated
with ovarian cancer

Our pathogen screen For fungal signatures again
suggests a significant perturbation of the microbiome
in the tumor. The fungal signatures detected in the
ovarian cancer and controls are shown according to
their decreasing prevalence in Figure 3A. The 18 fungal
signatures that were detected only in the ovarian cancer
samples and interestingly not found associated with
the controls are listed (Table 1, Figure BB). 183 rRNA
signatures of- Claricsporiam were detected in all the
ovarian cancer samples with the highest hybridization
signal (Figure 3A). Signatures of Pneumoeysris,
Acremom'rrm, Cloabphi'al‘ophora, Melanesia and
Microsporidia Ptetsrophora were also detected
significantly in all the ovarian cancer samples screened
(Figure 3A). Signatures ot' Rhizomrrcor, Rhodororufn,
Alremmia, Eleotn'dmm were found to be associated with
more than 95% cf the ovarian cancer samples screened
(Figure 3A). it should be noted that the signature of
Geotr'teham was also detected in all the control samples
(Table l and Figure 3A). Therefore the associated fungal
agents appear to be dominant in the ovarian cancer with
only Geotrichrrm common among the cancer and controls.
This suggests that the fungal signatures may he more
tightly associated in this particular microenvironment
than previously predicted.
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Identification of parasitic signatures associated
with ovarian cancer

The parasitic signatures detected in the ovarian
cancer and controls are Shown (Figure 4A), according
to their decreasing prevalence. The parasitic signature
significantly detected in cancer samples was far more
complex than the matched and, especially, the non—
matched controls, once again suggesting a marked
perturbation of the minor microbiome. The parasitic
signatures detected only in the ovarian cancer samples
are listed (Figure 43, Table 1). All of the tumor samples
showed a high hybridiyation signal (log gflog r‘» 2) for the
285 rRNA signature of Dr'pylr'dium. A high hybridization
signal for the ISS rRNA signatures of Th'chun's and
Lershmama was also found in all of the ovarian cancer

samples (Figure 4A). The 185 rRNA signatures ofBabesia
were also significantly detected in all the ovarian cancer
samples, although with a relatively moderate hybridization
Signal (log gtlog r -‘> 1, '1 2) (Figure 4A). lSS rRNA
signatures of Tn'chinetla, Ascaris, and Triehamrmas
were detected in >95% of the ovarian cancer samples
screened, also with a moderate hybridization signal
intensity (log gflog r b l, C 2) (Figure 4A). The other
parasitic signatures detected in the ovarian cancer listed in
Figure 4A were detected with lower hybridimtion signal

A1?-

 

intensity (log glng r 4: 1), although with high prevalence
except for signatures cl'l’on for}, Aeanthamoeba, Tacm'a,
Drcmcoel'r'um, Wuchereria which were detected in
less than 45% of the ovarian cancer samples screened.
Signatures or 4 parasites that were detected in the cancer
samples were also found in the adjacent matched control
samples; these include Acanrhamoeba, Naeglen'a, Theme
and Trichr'ms’la (Figure 4A, Table 1). However, they were
not detected in the non—matched controls (Figure 4A).

Hierarchical clustering of the ovarian cancer
sam ples

Hierarchical clustering analysis compares the
similarity of the overall microbiome signatures detected
in each ovarian cancer sample and clusters the samples
together based on common microbiome similarity
(Figure 5A 5B). While some samples did not group
into a cluster (namely un—grouped l and 2) (Figure 5B),
majority or the samples grouped into three distinct clusters,
namely cluster 1, 2 and 3 (Figure SA and 513), with cluster
3 samples showing significant differences in detection of
several viral and other microbial signatures compared to
the samples of cluster 1 and 2. Supplementary Table 3
shows the significant differences in microbial detection
between the clusters. Ovarian cancer samples of cluster 1
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Figure 2: Bacterial signatures detected in ovarian. matched and non—matched controls. (A) Bacterial signatures detected in
ovarian cancers, matched and non-matched controls. The prevalence ofthose signatures are represented intlte decreasing order as dots, and
their average hybridization signal being represmted as a bar graph. (B) Distribution ofbacterial phyla detected in ovarian cancer, Hatched
and non—matched controls. {C} Venn diagram showing the munber ofhaeteria common or 1mique to the ovarian cancer and control samples
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and 2 showed significant differences in the detection ol‘2
viral agents (Arenaviridae and Flaviviridae) and bacterial
agents (Camila and Listeria) signatures, and few fungal
(Acremomam, Ciadosporiam, Miicor, Pleisrophom,
Pnermoeysfls and Rhodotomfa) and parasitic (Bahama,
Dipylidiam, Leisfimania, ibxocam, 'ilrichimila,
E‘Hchomonas and 'it'idnm'r] signatures. These signatures
are all ofhigher intensities in cluster 2 than 1. On the other
hand, ovarian cancer samples ol'clLleer 3 had significantly
less detection of a|n1 0st all the viral and several microbial

signatures mentioned in Supplementary Table 3.
Based on topological analysis the ovarian camel"

samples clustered into 3 groups (A B and C), while some
could not be grouped together (singletons) (Figurc 5C).
Supplementary Table 4 shows significant differences in
microbial detection in each groups. Group B had significantly
higher detection ofthe following signatures compared to Group
A: viral sigmtm’w ofCortmavirithe, Aslrm'indae, Togaviridae,
Recwiridae, Papillomaviridae, Poxviridae, Bmyaviridae,
Pimmaviridae, Parmyxoviridae, Btmviridae, Birnavindae,
Rimbdoviridae, Caliciviridae, Arenaviridae and Flaviviridae;

along with certain bacterial sigruilures ol' Pam‘rynmonar,
Anapflmm, Azorhizobiim, Comebacten‘m, Ambacter,
Metamous‘, Mediylobocrmum, flagella, Proteus, Bmceiia,
Uieaplaom and Premteffa; ftmga] signaunm of Abncfia,
ihdropim‘on, memes, Geotrichrm and Conddannd
parasitic signatures of Armor, Bipolan'r, Acmflramoeba.
Sarcocysiis, Buimitidiym. Echinonoma, Dicmcoefirm
and Wflmdfla Group C differed from group B in having
significantly higher signatures of mainly viral families ol-
anviridae, Pal-iillnrnaviridaei ("nnmaviridae? Bunyaviridae,
Retroviridae, Herpesviridae, Rcoviridae, Anelloviridac
and 'lcgaviridae and bacterial signatures of Richelieu and
Legrooelia compared to Group B. Group C differed from
Group A in having significantly higher detection of flie viral
signattu‘es of Poewiridae, 'l‘ogaviridae, Papillomaviridae,
Comnaviridae, Bunyavin'dae, llerpesviridae, Anelloviridae,
Relnwiridae, Remiridae, Pm'vcivindae, Rhahdm'indae,
Pfirflmyxovindae, Arenaviridae, F'ictmaviridae, Circtwiridae,
1FlavWit-idea, Ademwiridae, Eimavindae, Calicivindae,
Polyomaviridae, Orthomyoroviridac, Jridoviridac,
Bomiridae,1\stroviridae; bacterial signatures ofLegioneikz,
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Figure 3: Fungal signatures detected in ovarian, matched and non—matched controls. {A} thgal signatures detected in
ovarimi cancer, matched and non-matched controls. The prevalence ofthose signatures are represented in the decreasing order as dots, and
their average hybridization signal being represented as a bar graph. (13) Venn diagram showing the number of fungi common or unique to
the ovarian cancer and control samples.
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