Chemotext Tutorial (2017) 
http://chemotext.mml.unc.edu/
Chemotext is a publicly-available Webserver that mines published literature in PubMed in the form of Medical Subject Headings (MeSH) terms. The goal of Chemotext is to establish text-based drug-target-disease relationships in order to identify novel drug repurposing candidates. In principle, Chemotext is an extension of Swanson’s ABC paradigm, wherein “A” terms are disease-related MeSH terms, “B” terms are so-called “target” MeSH terms, i.e. proteins and pathways, and “C” terms are chemical (drug) MeSH terms.
[image: ]I.) Find Connected Terms
In this module, every MeSH term that occurs in the same article as a query term is returned, and the total number of co-occurring terms and the associated article counts are reported.
We will perform query in this module and explore its functionalities.
Please note: The Chemotext database is quite large (~19 million articles and 78 million relationships), so some queries may take time.  Please allow the server some time to run! If the wheel is spinning, Chemotext is working… 
A) Performing Queries and Filtering Results
1) First, click on the “Find Connected Terms” tab and ensure that it is highlighted in white.
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2) Enter “Kinase” in the search bar. Note the auto-complete of MeSH terms in the search bar. 
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3) Hit “Search”.  All MeSH terms that co-occur in the same article as “Kinase” are returned. 
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A total of 7,537 unique MeSH terms co-occur in the same articles as “Kinase”. Please note: exact article counts will change due to constant updates to the Chemotext database.
It can be seen that “Adenosine Triphosphate” has the most “Kinase” co-occurrences with 1865 articles in which both were mentioned.  Kinases hydrolyze ATP, so it is not surprising that the two terms have a high degree of co-occurrence.  Chemotext captures this relationship.  
4) The default table limit for results is 10 terms.  But this table can be expanded. In the “Set Table Limit” search bar, set the count to 1000.   
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When the table limit is expanded, other associated MeSH terms can be investigated.  Above, we see that “Imatinib”, an FDA-approved kinase inhibitor, has 20 article co-occurrences with “Kinase”.  
5) Next, the full list of co-occurring terms can be filtered for specific categories of MeSH subtypes.  Scroll down the page. In the “Filter” search bar, select “Chemicals”, which will include all associate C-terms.  
[image: ] 
6) Click on “Filter”  
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A total of 2,811 unique MeSH C-terms co-occur in the same articles as “Kinase”. It can be seen that “Magnesium” has the most “Kinase” co-occurrences with 822 articles in which both were mentioned.  Magnesium makes bonds with ATP when bound in the kinase active site, so it is not surprising that the two terms have a high degree of co-occurrence.  Chemotext again captures this relationship.  
It should be noted that in the MeSH term ontology, “Adenosine Triphosphate” is categorized as a B-term, so it does not appear among the chemicals.  
The user is encouraged to again expand the table and find the drug imatinib.  
The user can filter the original list of co-occurring MeSH terms by any number of categories provided in the filter bar.  Also, the terms can be filtered by publication dates, as well.  
B) Linking to Articles and Downloading Results
7) With Chemotext, the article in which both terms co-occur can be directly accessed.  Click on the “822” article count for “Magnesium”.  
Chemotext will provide the PMIDs or actual article title (when available) for all 822 associated articles. 
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8) From this page, an article of interest in PubMed can be directly accessed. Click on the link for the article entitled “TRPM7 Channel Is Regulated by Magnesium Nucleotides via its Kinase Domain”
[image: ]
This article illustrates how Chemotext can retrieve articles that relate two terms, i.e., “Magnesium” and “Kinase”.  









9) In Chemotext, the associated MeSH terms and article counts can be downloaded.  Return the Chemotext page.  Click on “View CSV”. Then all entries can be copied and saved in Excel or Notepad.  Please note that pop-up blockers must inactivated on the Chemotext page, otherwise the CSV functionality does not work as intended.
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10) In Chemotext, the associated MeSH terms, article counts, and PMIDs can be downloaded. Return the Chemotext page.  Click on “CSV with pmids”. Then all entries can be copied and saved in Excel or Notepad.  








II.) Find Shared Terms
[image: ]In this module, two query terms are input, and co-occurring terms and the article counts that are shared between the queries are returned. 
This type of search outputs the associated counts of co-occurrence for three instances: (1) when all three terms (query 1, query 2, and co-occurring term) are present in the same article, (2) when the term co-occurs only in articles with query 1, and (3) when the term co-occurs only in articles with query 2.
We will perform query in this module and explore its functionalities.
A) Performing Queries and Filtering Results
1) First, click on the “Find Shared Terms” tab and ensure that it is highlighted in white.
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2) Enter “Kinase” and “Neoplasm” in the search bar. Hit “Search”.
Please note that this query may take a moment to run due to the scope of the query terms. 
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A total of 5,404 unique MeSH terms co-occur in the same articles as both “Kinase” and “Neoplasm”. 
For the term “Antineoplastic Agents”, there are 30 articles in which all three terms co-occur (instance 1); 136 articles in which “Antineoplastic Agents” and “Kinase” co-occur (instance 2); 31155 articles in which “Antineoplastic Agents” and “Neoplasm” co-occur (instance 3).
As in the previous module, the table limit can be changed.  






5) Likewise, the full list of co-occurring terms can be filtered for specific categories of MeSH subtypes.  Scroll down the page. In the “Filter” search bar, select “Diseases and Indications”, which will include all shared A-terms.  
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A total of 1,033 unique MeSH A-terms shared between “Kinase” and “Neoplasm”.
It should be noted that a term can be shared between the two query terms regardless of whether the associated term has co-occurred in the same article as the other two terms (instance 1).
 Scroll through the resultant term list until “0” article counts are observed in the “Same Article” category.  
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Here it can be seen that “Glioblastoma”, for instance, has yet co-occur in the same article as the two query together (instance 1); however, it has co-occurred with “Kinase” (instance 2) and with “Neoplasm” (instance 3).  Therefore, this term is shared between the two query terms.  
B) Linking to Articles and Downloading Results
7) With Chemotext, the article in which all three terms co-occur (instance 1) can be directly accessed.  Click on the “7” article count for “Liver Neoplams”.  
Chemotext will provide the PMIDs or actual article title (when available) for all 7 associated articles. The associated article can be accessed, as in the “Find Connected Terms Module”.  
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It should be noted that if the user would like to access articles associated with instance 2 and/or instance 3, this query should be repeated in the “Find Connected Terms Module”.  

[bookmark: _GoBack][image: ]III.) Path Search
In this module, complete text-based A-B-C connections can be made through co-occurring MeSH terms.  The name of this module - “Path Search” – indicates that these A-B-C connections can be established through several “paths,” i.e. through multiple intermediary terms or through a single intermediary term. 
A) Performing Queries and Filtering Results
1) First, click on the “Path Search” tab and ensure that it is highlighted in white.
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2) Enter “Kinase” in the search bar and Choose “Diseases and Indications” as the intermediary term.
[image: ] 
It can be seen that 1170 “Disease and Indications” terms co-occur with “Kinase”.  These intermediary terms are ranked by article count.
3) Any number of intermediary terms can be selected to complete the path search, i.e. from 1 term to all 1170 terms.  For the sake of simplicity, only one intermediary term will be used to complete the path.  In this example, the path will be completed by finding all associated “Chemicals”. This will form a complete A-B-C connection. 
Click “Neoplasms” and ensure there is a check mark in the box.  Then set “Chemicals” as the final search.  
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4) Click on Finish Search to run the query.  This will find all “Chemicals” that co-occur with “Neoplasms”. Thus, these “Chemicals” will be associated with “Kinase” through the intermediary “Neoplasm” term. 
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In total, there 11 143 chemicals associated with “Neoplasms” ranked by article count.  This means that 11 143 unique “Kinase”-“Neoplasms”-“Chemicals” connections (A-B-C). 
5) Expand the table size in the “Set Table Limit” box and find “imatinib”   
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There are 255 articles in which “imatinib” and “Neoplasms” co-occur, thereby completing a “Kinase”-“Neoplasms”-“imatinib” connection.  This is a well-established A-B-C connection that Chemotext is capable of retrieving.  
B) Linking to Articles and Downloading Results
1) As with all previous sections, the CSV file with final terms and article counts can be accessed through the “View CSV” tab.  Additionally, CSV file with final terms, article counts, and associated PMIDs can be accessed through the “CSV with pmids” tab.
2) With Chemotext, the article in which both terms co-occur can be directly accessed.  Click on the “255” article count for “imatinib”.  
Chemotext will provide the PMIDs or actual article title (when available) for all 255 associated articles.
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Abstract

TRPMT is a Ca(2+)- and Mg(2+)-permeable cation channel that also contains a protein kinase domain. While there is general
consensus that the channel is inhibited by free intracellular Mg(2+), the functional roles of intracellular levels of Mg.ATP and the kinase
‘domain in regulating TRPM7 channel activity have been discussed controversially. To obtain insight into these issues, we have
determined the effect of purine and pyrimidine magnesium nucleotides on TRPM7 currents and investigated the possible involvement
of the channel's kinase domain in mediating them. We report here that physiological Mg ATP concentrations can inhibit TRPM7
channels and strongly enhance the channel blocking efficacy of free Mg(2+). Mg.ADP. but not AMP. had similar, albeit smaller effects,
indicating a double protection against possible Mg(2+) and Ca(2+) overflow during variations of cell energy levels. Furthermore, nearly
all Mg-nucleotides were able to inhibit TRPI activity to varying degrees with the following rank in potency: ATP > TTP > CTP > or =
GTP > or = UTP > TP approximately free Mg(2+) alone. These nucleotides also enhanced TRPIT inhibition by free Mg(2+).
suggesting the presence of two interacting binding sites that jointly regulate TRPM7 channel activity. Finally. the nucleotide-mediated
inhibition was lost in phosphotransferase-deficient single-point mutants of TRPM7, while the Mg(2+)-dependent regulation was
retained with reduced efficacy. Interestingly. truncated mutant channels with a complete deletion of the kinase domain regained
Mg.NTP sensitivity: however. this inhibition did not discriminate between nucleotide species, suggesting that the COOH-terminal
truncation exposes the previously inaccessible Mg(2+) binding site to Mg-nucleotide binding without imparting nucleotide specificity.
We conclude that the nucleotide-dependent regulation of TRPIT is mediated by the nucleotide binding site on the channe's
endogenous kinase domain and interacts synergistically with a Mg(2+) binding site extrinsic to that domain.

PMID: 16533898 PHCID: PMC2151514  DOI: 10.1085/0p.200509410
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Uridine kinase activities in normal and neoplastic lymphoid cells.
Greenberq N, Schumm DE, Hurtubise PE, Webb TE.

Abstract

Both adult (1) and embryonic (If) forms of uridine kinase have been identified in the transplantable EL-4 leukemia of C57BL/6 mice and
in the P815Y mastocytoma of DBA/2 mice. Only Species | is found in primary tumor cells of lymphoid orgin (virus-induced feline
lymphosarcoma, human acute and chronic lymphocytic leukemia) and in normal calf thymocytes and porcine peripheral blood
lymphocytes; Species | was induced 4-fold upon stimulation of the normal blood lymphocytes with phytohemagglutinin. The level of
uridine kinase activity in the feline lymphosarcoma of thymus-dependent lymphocyte orgin and childhood lymphocytic leukemia of
possible thymus-dependent lymphocyte or null-cell origin was similar to the induced level in phytohemagglutinin-stimulated normal
lymphocytes, i.e., thymus-dependent lymphocytes. In contrast lymphocytes of a patient with chronic lymphocytic leukemia of thymus-
independent lymphocyte origin had a level of uridine kinase activity comparable to that of the unstimulated normal lymphocytes or
thymocytes. The uridine kinase activity in the EL-4 tumor cells was repressed by acute treatment of the mice with 5-azacytidine.
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