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Pituitary adenoma is a common disease occurring in pituitary that is a
central regulatory organ in endocrine system and is clinically categorized as
functional and non-functional pituitary adenomas (FPA and NFPA) (1 -4).
FPA commonly includes adrenocorticotropic hormone (ACTH)-cell adenoma,
thyrotropin-stimulating hormone (TSH)-cell adenoma, growth hormone (GH)-
cell adenoma, and prolactin (PRL)-cell adenoma ( 5 ). Compared to FPA, NFPA
is a very challenging clinical problem due to no any increase of
corresponding serum hormone, which results in difficulty in early-stage
diagnosis and therapy of an NFPA ( 1, 2 ). Moreover, high-degree
heterogeneity occurs in NFPAs, which is present as different subtypes of cell
origins and hormones expressed in a tumor tissue; for example, intact
gonadotroph with luteinizing hormone (LH)/follicle-stimulating hormone
(FSH)-positive (40-79%), null cell without hormone expression (17%),
oncocytoma without hormone expression (6%), silent corticotroph with

ACTH-positive (8%), and silent somatotroph with GH-positive (3%). The intact

gonadotroph is subdivided into LH *, FSH *, and LH/FSH * positive NFPAs ( 5
, 6). The very interesting thing is that the silent hormone expressed in an
NFPA tissue associates tumor biological behaviors, such as invasive
characteristics ( 7, 8 ); for example, a clinically silent corticotroph tumor of a
pituitary shows symptomatic cystic degeneration ( 7 ), and estrogen
receptors and slug contribute to development of invasiveness of an NFPA ( 8
). In addition, NFPA is a very complex whole-body disease with multiple
molecule dynamic alterations in the levels of genome, transcriptome,
proteome, and metabolome, and those different levels of multiple molecules

constitute three-dimensional spatial interactome to exert their biological
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roles in an NFPA biological system from an angle of multiparameter
systematic strategy (9 - 12 ). The documented omics data demonstrate
obvious variations in transcriptome and proteome between NFPAs and

controls ( 6 ), between invasive and non-invasive NFPAs ( 13, 14 ), and

among four hormone-expressed NFPA subtypes ( 1 ). Also, post-
transcriptional splicing and numerous post-translational modifications (PTMs)
contribute to the complexities of transcriptome and proteome and cause the

interactome more complex and more dynamic ( 15 ); for example, the

literature demonstrates the splicing variants/isoforms of hormones, such as
GH and prolactin, and PTMs, such as tyrosine nitration and phosphorylation

that occur in NFPAs ( 6, 16, 17 ). One should understand the interactome in

three levels including alterations in single molecule, molecule profile, and
molecular network profile in an NFPA. Molecular network is the carrier to
recognize the interactome from a view point of systematic strategy. More
attentions have been paid to molecular network of NFPA because it changes
the single-one parameter model to multiparameter systematic strategy
model, which meets the reality of complicated pathophysiological processes

of an NFPA ( 9 - 11 ). Therefore, recognition of molecular network variations

would benefit clarification of molecular mechanisms and discovery of reliable
biomarkers and therapeutic targets of an NFPA toward personalized

medicine ( 18 ) and precision medicine ( 19 ) practices.

In our studies on NFPA, two-dimensional gel electrophoresis (2DGE)-based
quantitative proteomics, PTM-proteomics, bioinformatics, and pathway
network-based systems biology were used to investigate the variations in

proteome and protein molecular networks of an NFPA (1,6 ,14,16, 20).
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(i) For NFPAs compared to pituitary controls ( 6, 16, 20 ), a set of 50

differentially expressed proteins (DEPs), 9 nitroproteins, and 3 nitroprotein-

protein complexes were identified ( 6 , 16 ). Pathway network analysis

revealed four important pathway network systems that operate in an NFPA,
including mitochondrial dysfunction, oxidative stress, cell-cycle
dysregulation, and MAPK-signaling abnormality ( 20 ). (ii) For invasive
relative to non-invasive NFPAs ( 14 ), a set of 57 DEPs were identified.
Pathway network analysis revealed eight important pathway networks that
associate the invasive characteristics of invasive NFPAs, including
mitochondrial dysfunction, oxidative stress, MAPK-signaling abnormality,
proteolysis abnormality, CDK5 signaling abnormality, ketogenesis and

ketolysis, TR/RXR activation, and amyloid processing. (iii) For comparison of
four hormone-expressed subtypes of NFPAs (NF —, LH *, FSH *, and LH/FSH

* . NF— means NFPA that had negative immunohistochemical stains for
ACTH, FSH, GH, LH, prolactin, and TSH) versus pituitary controls (Con) (1), a
total of 76 DEPs was identified, including 59 DEPs in NF vs. Con, 65 DEPs in
LH vs. Con, 63 DEPs in FSH vs. Con, and 55 DEPs in LH/FSH vs. Con.
Overlapping and pathway network analyses revealed a set of DEPs and
pathway networks that are common and specific to each NFPA subtype; of
them, four important common pathway systems were MAPK-signaling
abnormality, oxidative stress, mitochondrial dysfunction, and cell-cycle
dysregulation. However, those four common pathway network systems were
significantly different among four NFPA subtypes with variations in three
different aspects, including different protein expression levels of most of

protein nodes, different protein profiles, and different pathway network
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profiles ( 1, 21 ). With comprehensive consideration of three sets of

quantitative proteomics data-based pathway network analyses between (a)
NFPAs versus controls, (b) invasive versus non-invasive NFPAs, and (c) four
hormone-expressed NFPA subtypes, some interesting results were found that
(i) three pathway network systems including mitochondrial dysfunction,
oxidative stress, and MAPK-signaling abnormality were identified from three
sets of analyses (a)-(c), (ii) cell-cycle dysregulation was identified from two
sets of analyses (a) and (c) but not (b), and (iii) the components (expression
level of each protein node and protein profile) of each pathway network
system were different among three sets of analyses (a)-(c). Those data
clearly indicate the common and specific molecular network variations in

NFPAs and among different subtypes of NFPAs.

Those data provide a preliminary view of molecular network variations in
NFPAs and its subtypes. However, one should realize the limitations of those
mentioned studies and the directions of further studies: (i) those molecular
networks derived from 2DGE quantitative proteomics data were constructed
with bioinformatics and systems biology. The biological relevance of each
molecular network in the pathophysiological processes of an NFPA should be
further studied with /in vitro and in vivo experiments. (ii) 2DGE quantitative
proteomics has obvious limitations in maximizing the coverage of an NFPA
proteome. The 2DGE with an 18-cm pH3-10 NL IPG strip and 12% SDS-PAGE
isolation in mentioned studies detected proteins within a range of Mr 5-150

kDa and pH 4-8 ( 5, 22 ). Multi-dimensional liquid chromatography (MDLC) in

combination with tandem mass spectrometry (MS/MS) is needed to maximize

the coverage of NFPA proteome for molecular network analysis ( 22 ). (iii)
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Protein variants/isoforms and PTMs are the important aspects in a proteome
and associate many important physiological and pathological processes ( 15
). Barely studies are found to explore globally and systematically protein
variants/isoforms and PTMs in an NFPA and how those protein
variants/isoforms and PTMs affect the molecular network systems in an

NFPA, even though several PTMs, such as tyrosine nitration ( 16 , 23 ) and

phosphorylation ( 17 , 24 ), and protein variants/isoforms such as GH

isoforms and PRL isoforms ( 6 , 25 ) were preliminarily investigated in NFPAs.
(iv) Transcriptomics data between NFPAs and controls ( 6 ) and invasive and
non-invasive NFPAs ( 13 ) have been documented. However, transcriptomics

data-based molecular network analysis has not been systematically carried

out in those studies ( 6, 13 ). An integrated molecular network based on
omics data including genomic, transcriptomic, proteomic, peptidomic, and
metabolomic data would have more important biological significance in the
clarification of molecular mechanisms and discovery of reliable biomarkers
for an NFPA patient ( 10 ). (v) NFPA is highly heterogeneous tumor. The
documented molecular network variation studies between NFPAs versus

controls ( 6, 20), invasive and non-invasive NFPAs ( 14 ), and four NFPA

subtypes (NF =, LH *, FSH *, and LH/FSH * ) subtypes ( 1) should be
extended to other NFPA subtypes, such as silent ACTH- and GH-positive
NFPAs, and different FPA subtypes, such as ACTH-, TSH-, GH-, and PRL-cell

FPAs (5).

In summary, NFPA has high-degree heterogeneity and difficulty in its early-
stage diagnosis and therapy. From the angle of systems biology strategy,

exploration of variations in molecular networks that operate in an NFPA will
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be an important approach to the in-depth understanding of molecular
mechanisms and discover effective and reliable biomarkers and therapeutic

targets for personalized and precision medicine practices in an NFPA patient.

Author Contributions

XZ conceived of the concept and idea of this article, collected references,
wrote, and revised the entire manuscript, was responsible for the
corresponding work of the manuscript, and trained YL regarding the
concepts of molecular networks and systems biology in cancer. YL
participated in the collection of references, revision, and formatting

manuscript. All authors read and approved the final manuscript.

Conflict of Interest Statement

The authors declare that the research was conducted in the absence of any
commercial or financial relationships that could be construed as a potential

conflict of interest.

Acknowledgments

The authors acknowledge the financial supports from China “ 863” Plan
Project (Grant No. 2014AA020610-1 to XZ), the National Natural Science
Foundation of China (Grant No. 81272798 and 81572278 to XZ), the Xiangya
Hospital Funds for Talent Introduction (to XZ), and the Hunan Provincial
Natural Science Foundation of China (Grant No. 14JJ7008 to XZ). The

scientific contributions of Dominic M. Desiderio are acknowledged.

https://assignbuster.com/exploration-of-molecular-network-variations-in-
different-subtypes-of-human-non-functional-pituitary-adenomas/



Exploration of molecular network variati... - Paper Example Page 8

References
1. Zhan X, Wang X, Long Y, Desiderio DM. Heterogeneity analysis of the

proteomes in clinically nonfunctional pituitary adenomas. BMC Med

Genomics (2014)7 : 69. doi: 10. 1186/s12920-014-0069-6

PubMed Abstract | CrossRef Full Text | Google Scholar

2. Wang X, Guo T, Peng F, Long Y, Mu Y, Yang H, et al. Proteomic and
functional profiles of a follicle-stimulating hormone-positive human
nonfunctional pituitary adenoma. Electrophoresis (2015)36 (11-12): 1289-

304. doi: 10. 1002/elps. 201500006

CrossRef Full Text | Google Scholar

3. Karppinen A, Kivipelto L, Vehkavaara S, Ritvonen E, Tikkanen E, Kivisaari
R, et al. Transition from microscopic to endoscopic transsphenoidal surgery
for nonfunctional pituitary adenomas. World Neurosurg (2015)84 (1): 48-57.

doi: 10. 1016/j. wneu. 2015. 02. 024

PubMed Abstract | CrossRef Full Text | Google Scholar

4. Liu X, Ma S, Dai C, Cai F, Yao Y, Yang Y, et al. Antiproliferative,
antiinvasive, and proapoptotic activity of folate receptor a-targeted
liposomal doxorubicin in nonfunctional pituitary adenoma cells.

Endocrinology (2013)154 : 1414-23. doi: 10. 1210/en. 2012-2128

PubMed Abstract | CrossRef Full Text | Google Scholar

https://assignbuster.com/exploration-of-molecular-network-variations-in-
different-subtypes-of-human-non-functional-pituitary-adenomas/


http://scholar.google.com/scholar_lookup?title=Antiproliferative,+antiinvasive,+and+proapoptotic+activity+of+folate+receptor+%CE%B1-targeted+liposomal+doxorubicin+in+nonfunctional+pituitary+adenoma+cells&author=X.+Liu&author=S.+Ma&author=C.+Dai&author=F.+Cai&author=Y.+Yao&author=Y.+Yang&journal=Endocrinology&publication_year=2013&volume=154&pages=1414%E2%80%9323&doi=10.1210/en.2012-2128&pmid=23462961
http://dx.doi.org/10.1210/en.2012-2128
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23462961
http://scholar.google.com/scholar_lookup?title=Transition+from+microscopic+to+endoscopic+transsphenoidal+surgery+for+nonfunctional+pituitary+adenomas&author=A.+Karppinen&author=L.+Kivipelto&author=S.+Vehkavaara&author=E.+Ritvonen&author=E.+Tikkanen&author=R.+Kivisaari&journal=World+Neurosurg&publication_year=2015&volume=84&pages=48%E2%80%9357&doi=10.1016/j.wneu.2015.02.024&pmid=25731792
http://dx.doi.org/10.1016/j.wneu.2015.02.024
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25731792
http://scholar.google.com/scholar_lookup?title=Proteomic+and+functional+profiles+of+a+follicle-stimulating+hormone-positive+human+nonfunctional+pituitary+adenoma&author=X.+Wang&author=T.+Guo&author=F.+Peng&author=Y.+Long&author=Y.+Mu&author=H.+Yang&journal=Electrophoresis&publication_year=2015&volume=36&pages=1289%E2%80%93304&doi=10.1002/elps.201500006
http://dx.doi.org/10.1002/elps.201500006
http://scholar.google.com/scholar_lookup?title=Heterogeneity+analysis+of+the+proteomes+in+clinically+nonfunctional+pituitary+adenomas&author=X.+Zhan&author=X.+Wang&author=Y.+Long&author=D.+M.+Desiderio&journal=BMC+Med+Genomics&publication_year=2014&volume=7&pages=69&doi=10.1186/s12920-014-0069-6&pmid=25539738
http://dx.doi.org/10.1186/s12920-014-0069-6
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25539738

Exploration of molecular network variati... - Paper Example Page 9

5. Zhan X, Desiderio DM. Comparative proteomics analysis of human
pituitary adenomas: current status and future perspectives. Mass Spectrom

Rev (2005)24 : 783-813. doi: 10. 1002/mas. 20039

PubMed Abstract | CrossRef Full Text | Google Scholar

6. Moreno CS, Evans CO, Zhan X, Okor M, Desiderio DM, Oyesiku NM. Novel
molecular signaling in human clinically non-functional pituitary adenomas
identified by gene expression profiling and proteomic analyses. Cancer Res

(2005)65 (22): 10214-22. doi: 10. 1158/0008-5472. CAN-05-0884

CrossRef Full Text | Google Scholar

7. Walsh MT, Couldwell WT. Symptomatic cystic degeneration of a clinically
silent corticotroph tumor of the pituitary gland. Skul/l Base (2010)20 (5): 367-

70. doi: 10. 1055/s-0030-1253579

PubMed Abstract | CrossRef Full Text | Google Scholar

8. Zhou W, Song Y, Xu H, Zhou K, Zhang W, Chen J, et al. In nonfunctional
pituitary adenomas, estrogen receptors and slug contribute to development
of invasiveness. J Clin Endocrinol Metab (2011)96 (8): E1237-45. doi: 10.

1210/jc. 2010-3040

PubMed Abstract | CrossRef Full Text | Google Scholar

9. Zhan X, Desiderio DM. The use of variations in proteomes to predict,
prevent, and personalize treatment for clinically nonfunctional pituitary

adenomas. EPMA J(2010)1 : 439-59. doi: 10. 1007/s13167-010-0028-z

https://assignbuster.com/exploration-of-molecular-network-variations-in-
different-subtypes-of-human-non-functional-pituitary-adenomas/


http://scholar.google.com/scholar_lookup?title=In+nonfunctional+pituitary+adenomas,+estrogen+receptors+and+slug+contribute+to+development+of+invasiveness&author=W.+Zhou&author=Y.+Song&author=H.+Xu&author=K.+Zhou&author=W.+Zhang&author=J.+Chen&journal=J+Clin+Endocrinol+Metab&publication_year=2011&volume=96&pages=E1237%E2%80%9345&doi=10.1210/jc.2010-3040&pmid=21632819
http://dx.doi.org/10.1210/jc.2010-3040
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21632819
http://scholar.google.com/scholar_lookup?title=Symptomatic+cystic+degeneration+of+a+clinically+silent+corticotroph+tumor+of+the+pituitary+gland&author=M.+T.+Walsh&author=W.+T.+Couldwell&journal=Skull+Base&publication_year=2010&volume=20&pages=367%E2%80%9370&doi=10.1055/s-0030-1253579&pmid=21359002
http://dx.doi.org/10.1055/s-0030-1253579
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=21359002
http://scholar.google.com/scholar_lookup?title=Novel+molecular+signaling+in+human+clinically+non-functional+pituitary+adenomas+identified+by+gene+expression+profiling+and+proteomic+analyses&author=C.+S.+Moreno&author=C.+O.+Evans&author=X.+Zhan&author=M.+Okor&author=D.+M.+Desiderio&author=N.+M.+Oyesiku&journal=Cancer+Res&publication_year=2005&volume=65&pages=10214%E2%80%9322&doi=10.1158/0008-5472.CAN-05-0884
http://dx.doi.org/10.1158/0008-5472.CAN-05-0884
http://scholar.google.com/scholar_lookup?title=Comparative+proteomics+analysis+of+human+pituitary+adenomas:+current+status+and+future+perspectives&author=X.+Zhan&author=D.+M.+Desiderio&journal=Mass+Spectrom+Rev&publication_year=2005&volume=24&pages=783%E2%80%93813&doi=10.1002/mas.20039&pmid=15495141
http://dx.doi.org/10.1002/mas.20039
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=15495141

Exploration of molecular network variati... - Paper Example Page 10

PubMed Abstract | CrossRef Full Text | Google Scholar

10. Grech G, Zhan X, Yoo BC, Bubnov R, Hagan S, Danesi R, et al. EPMA
position paper in cancer: current overview and future perspectives. EPMA |

(2015)6 (1): 9. doi: 10. 1186/s13167-015-0030-6

PubMed Abstract | CrossRef Full Text | Google Scholar

11. Hu R, Wang X, Zhan X. Multi-parameter systematic strategies for
predictive, preventive and personalized medicine in cancer. EPMA /(2013)4 :

2. doi: 10. 1186/1878-5085-4-2

CrossRef Full Text | Google Scholar

12. Hood L, Tian Q. Systems approaches to biology and disease enable
translational systems medicine. Genomics Proteomics Bioinformatics

(2012)10 (4): 181-5. doi: 10. 1016/j. gpb. 2012. 08. 004

PubMed Abstract | CrossRef Full Text | Google Scholar

13. Galland F, Lacroix L, Saulnier P, Dessen P, Meduri G, Bernier M, et al.
Differential gene expression profiles of invasive and non-invasive non-
functioning pituitary adenomas based on microarray analysis. Endocr Relat

Cancer (2010)17 (2): 361-71. doi: 10. 1677/ERC-10-0018

PubMed Abstract | CrossRef Full Text | Google Scholar

14. Zhan X, Desiderio DM, Wang X, Zhan X, Guo T, Li M, et al. Identification

of the proteomic variations of invasive relative to non-invasive non-functional

https://assignbuster.com/exploration-of-molecular-network-variations-in-
different-subtypes-of-human-non-functional-pituitary-adenomas/


http://scholar.google.com/scholar_lookup?title=Differential+gene+expression+profiles+of+invasive+and+non-invasive+non-functioning+pituitary+adenomas+based+on+microarray+analysis&author=F.+Galland&author=L.+Lacroix&author=P.+Saulnier&author=P.+Dessen&author=G.+Meduri&author=M.+Bernier&journal=Endocr+Relat+Cancer&publication_year=2010&volume=17&pages=361%E2%80%9371&doi=10.1677/ERC-10-0018&pmid=20228124
http://dx.doi.org/10.1677/ERC-10-0018
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20228124
http://scholar.google.com/scholar_lookup?title=Systems+approaches+to+biology+and+disease+enable+translational+systems+medicine&author=L.+Hood&author=Q.+Tian&journal=Genomics+Proteomics+Bioinformatics&publication_year=2012&volume=10&pages=181%E2%80%935&doi=10.1016/j.gpb.2012.08.004&pmid=23084773
http://dx.doi.org/10.1016/j.gpb.2012.08.004
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23084773
http://scholar.google.com/scholar_lookup?title=Multi-parameter+systematic+strategies+for+predictive,+preventive+and+personalized+medicine+in+cancer&author=R.+Hu&author=X.+Wang&author=X.+Zhan&journal=EPMA+J&publication_year=2013&volume=4&pages=2&doi=10.1186/1878-5085-4-2
http://dx.doi.org/10.1186/1878-5085-4-2
http://scholar.google.com/scholar_lookup?title=EPMA+position+paper+in+cancer:+current+overview+and+future+perspectives&author=G.+Grech&author=X.+Zhan&author=B.+C.+Yoo&author=R.+Bubnov&author=S.+Hagan&author=R.+Danesi&journal=EPMA+J&publication_year=2015&volume=6&pages=9&doi=10.1186/s13167-015-0030-6&pmid=25908947
http://dx.doi.org/10.1186/s13167-015-0030-6
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=25908947
http://scholar.google.com/scholar_lookup?title=The+use+of+variations+in+proteomes+to+predict,+prevent,+and+personalize+treatment+for+clinically+nonfunctional+pituitary+adenomas&author=X.+Zhan&author=D.+M.+Desiderio&journal=EPMA+J&publication_year=2010&volume=1&pages=439%E2%80%9359&doi=10.1007/s13167-010-0028-z&pmid=23199087
http://dx.doi.org/10.1007/s13167-010-0028-z
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23199087

Exploration of molecular network variati... - Paper Example Page 11

pituitary adenomas. Electrophoresis (2014)35 (15): 2184-94. doi: 10.

1002/elps. 201300590

PubMed Abstract | CrossRef Full Text | Google Scholar

15. Zhan X. Insight into protein variants/isoforms and post-translational

modifications in a proteome. Austin Proteomics (2015)2 (1): 1009.

Google Scholar

16. Zhan X, Desiderio DM. Nitroproteins from a human pituitary adenoma
tissue discovered with a nitrotyrosine affinity column and tandem mass
spectrometry. Anal Biochem (2006)354 (2): 279-89. doi: 10. 1016/j. ab.

2006. 05. 024

PubMed Abstract | CrossRef Full Text | Google Scholar

17. Beranova-Giorgianni S, Zhao Y, Desiderio DM, Giorgianni F.
Phosphoproteomic analysis of the human pituitary. Pituitary (2006)9 (2):

109-20. doi: 10. 1007/s11102-006-8916-x

PubMed Abstract | CrossRef Full Text | Google Scholar

18. Longo DL. Tumor heterogeneity and personalized medicine. N Engl | Med

(2012)366 : 956-7. doi: 10. 1056/NEJMe1200656

CrossRef Full Text | Google Scholar

19. Collins FS, Varmus H. A new initiative on precision medicine. N Engl

Med (2015)372 (9): 793-5. doi: 10. 1056/NEJMp1500523

https://assignbuster.com/exploration-of-molecular-network-variations-in-
different-subtypes-of-human-non-functional-pituitary-adenomas/


http://scholar.google.com/scholar_lookup?title=Tumor+heterogeneity+and+personalized+medicine&author=D.+L.+Longo&journal=N+Engl+J+Med&publication_year=2012&volume=366&pages=956%E2%80%937&doi=10.1056/NEJMe1200656
http://dx.doi.org/10.1056/NEJMe1200656
http://scholar.google.com/scholar_lookup?title=Phosphoproteomic+analysis+of+the+human+pituitary&author=S.+Beranova-Giorgianni&author=Y.+Zhao&author=D.+M.+Desiderio&author=F.+Giorgianni&journal=Pituitary&publication_year=2006&volume=9&pages=109%E2%80%9320&doi=10.1007/s11102-006-8916-x&pmid=16807684
http://dx.doi.org/10.1007/s11102-006-8916-x
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16807684
http://scholar.google.com/scholar_lookup?title=Nitroproteins+from+a+human+pituitary+adenoma+tissue+discovered+with+a+nitrotyrosine+affinity+column+and+tandem+mass+spectrometry&author=X.+Zhan&author=D.+M.+Desiderio&journal=Anal+Biochem&publication_year=2006&volume=354&pages=279%E2%80%9389&doi=10.1016/j.ab.2006.05.024&pmid=16777052
http://dx.doi.org/10.1016/j.ab.2006.05.024
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=16777052
http://scholar.google.com/scholar_lookup?title=Insight+into+protein+variants/isoforms+and+post-translational+modifications+in+a+proteome&author=X.+Zhan&journal=Austin+Proteomics&publication_year=2015&volume=2&pages=1009
http://scholar.google.com/scholar_lookup?title=Identification+of+the+proteomic+variations+of+invasive+relative+to+non-invasive+non-functional+pituitary+adenomas&author=X.+Zhan&author=D.+M.+Desiderio&author=X.+Wang&author=X.+Zhan&author=T.+Guo&author=M.+Li&journal=Electrophoresis&publication_year=2014&volume=35&pages=2184%E2%80%9394&doi=10.1002/elps.201300590&pmid=24729304
http://dx.doi.org/10.1002/elps.201300590
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=24729304

Exploration of molecular network variati... - Paper Example Page 12

CrossRef Full Text | Google Scholar

20. Zhan X, Desiderio DM. Signaling pathway networks mined from human
pituitary adenoma proteomics data. BMC Med Genomics (2010)3 : 13. doi:

10. 1186/1755-8794-3-13

PubMed Abstract | CrossRef Full Text | Google Scholar

21. Zhan X. Hormone-related proteomic and functional variations in human
nonfunctional pituitary adenomas. Inflamm Cell Signal (2015)2 : e841. doi:

10. 14800/ics. 841

CrossRef Full Text | Google Scholar

22. Zhan X. Current status of two-dimensional gel electrophoresis and multi--
dimensional liquid chromatography as proteomic separation techniques. Ann

Chromatogr Sep Tech (2015)1 (2): 1009.

Google Scholar

23. Zhan X, Wang X, Desiderio DM. Pituitary adenoma nitroproteomics:
current status and perspectives. Oxid Med Cell Longev (2013)2013 : 580710.

doi: 10. 1155/2013/580710

PubMed Abstract | CrossRef Full Text | Google Scholar

24. Giorgianni F, Beranova-Giorgianni S, Desiderio DM. Identification and
characterization of phosphorylated proteins in the human pituitary.

Proteomics (2004)4 (3): 587-98. doi: 10. 1002/pmic. 200300584

https://assignbuster.com/exploration-of-molecular-network-variations-in-
different-subtypes-of-human-non-functional-pituitary-adenomas/


http://scholar.google.com/scholar_lookup?title=Pituitary+adenoma+nitroproteomics:+current+status+and+perspectives&author=X.+Zhan&author=X.+Wang&author=D.+M.+Desiderio&journal=Oxid+Med+Cell+Longev&publication_year=2013&volume=2013&pages=580710&doi=10.1155/2013/580710&pmid=23533694
http://dx.doi.org/10.1155/2013/580710
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=23533694
http://scholar.google.com/scholar_lookup?title=Current+status+of+two-dimensional+gel+electrophoresis+and+multi-%C2%ADdimensional+liquid+chromatography+as+proteomic+separation+techniques&author=X.+Zhan&journal=Ann+Chromatogr+Sep+Tech&publication_year=2015&volume=1&pages=1009
http://scholar.google.com/scholar_lookup?title=Hormone-related+proteomic+and+functional+variations+in+human+nonfunctional+pituitary+adenomas&author=X.+Zhan&journal=Inflamm+Cell+Signal&publication_year=2015&volume=2&pages=e841&doi=10.14800/ics.841
http://dx.doi.org/10.14800/ics.841
http://scholar.google.com/scholar_lookup?title=Signaling+pathway+networks+mined+from+human+pituitary+adenoma+proteomics+data&author=X.+Zhan&author=D.+M.+Desiderio&journal=BMC+Med+Genomics&publication_year=2010&volume=3&pages=13&doi=10.1186/1755-8794-3-13&pmid=20426862
http://dx.doi.org/10.1186/1755-8794-3-13
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=20426862
http://scholar.google.com/scholar_lookup?title=A+new+initiative+on+precision+medicine&author=F.+S.+Collins&author=H.+Varmus&journal=N+Engl+J+Med&publication_year=2015&volume=372&pages=793%E2%80%935&doi=10.1056/NEJMp1500523
http://dx.doi.org/10.1056/NEJMp1500523

Exploration of molecular network variati... - Paper Example Page 13

PubMed Abstract | CrossRef Full Text | Google Scholar

25. Zhan X, Giorgianni F, Desiderio DM. Proteomics analysis of growth
hormone isoforms in the human pituitary. Proteomics (2005)5 : 1228-41. doi:

10. 1002/pmic. 200400987

PubMed Abstract | CrossRef Full Text | Google Scholar

https://assignbuster.com/exploration-of-molecular-network-variations-in-
different-subtypes-of-human-non-functional-pituitary-adenomas/


http://scholar.google.com/scholar_lookup?title=Proteomics+analysis+of+growth+hormone+isoforms+in+the+human+pituitary&author=X.+Zhan&author=F.+Giorgianni&author=D.+M.+Desiderio&journal=Proteomics&publication_year=2005&volume=5&pages=1228%E2%80%9341&doi=10.1002/pmic.200400987&pmid=15717326
http://dx.doi.org/10.1002/pmic.200400987
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=15717326
http://scholar.google.com/scholar_lookup?title=Identification+and+characterization+of+phosphorylated+proteins+in+the+human+pituitary&author=F.+Giorgianni&author=S.+Beranova-Giorgianni&author=D.+M.+Desiderio&journal=Proteomics&publication_year=2004&volume=4&pages=587%E2%80%9398&doi=10.1002/pmic.200300584&pmid=14997482
http://dx.doi.org/10.1002/pmic.200300584
http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=ShowDetailView&TermToSearch=14997482

	Exploration of molecular network variations in different subtypes of human non-fu...
	Author Contributions
	Conflict of Interest Statement
	Acknowledgments
	References


