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While the cause remains complex and multifactorial, the main 
proponents of patient reported pain and dysfunction at the shoulder 
are bursa, tendons and ligaments.

Sub-Acromial Bursa
Several studies suggest that shoulder conditions such as RCD 

and AC might be preceded by, or promoted by, the involvement 
of the sub acromial bursa [4-6]. Gotohet et al. [4] demonstrated an 
increase in IL-1 and IL-1R antagonist mRNA in subacromial bursa 
biopsy specimens from patients with rotator cuff disease versus 
controls. Similarly [5], have shown marked hyperplasia of the blood 
vessels and fibroblasts of sub acromial bursa in patients with rotator 
cuff tendonitis compared to patients with anterior instability. IL-1, 
TNF-α, bFGF and TGF-β were all over expressed in blood vessels and 
fibroblast cytoplasm. IL-1 and TNF-α have been reported to induce 
pain by stimulating COX-2 expression, resulting in the production 
of prostaglandins [6].  Clinical manifestations could therefore be a 
result of hypertrophy of the bursa, which might disturb the sliding 
mechanism of the synovium thus limiting movement and resulting 
in contracture of the connective tissues. An enlarged bursa could also 
result in impingement. If untreated, both outcomes could lead to 
chronic pain, and the altered movement patterns observed in breast 
cancer survivors, which are known to lead to dysfunction [7].

Rotator Cuff Tendons
Key Growth Factors (GF) for tendon inflammation and healing 

are bFGF, IGF-1, PDGF and TGF-β, all of which are expressed in the 
early phase of the rotator tendon healing process [8]. bFGF promotes 
cellular proliferation of rotator cuff tendon cells and increases type 
III collagen production in healing tendons [9]. Similarly, TGF-β, 
which is active during all stages of tendon inflammation and healing, 
stimulates extrinsic cell migration, and regulates proteinase and 
collagen production [8]. Suppression of TGF-β on the other hand 
results in a decrease in adhesion formation [10].

Radiotherapy Alters the Expression of Many of these 
Proteins

Ionizing radiation causes DNA damage that alters biological 
mechanisms via cytokines, chemokines, altered cell-cell interactions 
and the influx of inflammatory cells [11]. Radiation-induced fibrosis 

Shoulder morbidity is a well-documented consequence of 
treatment for breast cancer. Despite less invasive surgery, a subset 
of breast cancer survivors present with decreased shoulder complex 
mobility, tightness, oedema, weakness, pain and numbness after 
treatment [1]. Additional considerations are connective tissue 
changes such as scarring and Axillary Web Syndrome (cording) [1], 
which are known contributory factors to arm dysfunction and pain 
after treatment. Patients experiencing shoulder and arm problems 
have significantly reduced functional use of their upper limb [1,2], 
which limits their quality of life and their ability to return to work 
[1]. Many women develop shoulder pain and dysfunction for up to 6 
years post-surgery independent of axillary involvement [1,2]. These 
reports describe altered muscle function and joint kinematic patterns 
that mimic those of known shoulder conditions such as rotator cuff 
disease (RCD) and Adhesive Capsulitis (AC) [2]. We know that 
treatment can resolve the pain and dysfunction but the rehabilitation 
programmes are resource intensive and thus not implemented in 
standard cancer care pathways [3]. This means patients first present 
with shoulder problems to musculoskeletal practitioners who do not 
link the condition to cancer treatment. Elucidation of the risk profiles 
and biological mechanisms involved would allow us to target patients 
at risk of developing problems and support future therapeutic 
options.

Attempts to identify clinical risk factors have been hindered 
by the complexity of the condition and the many clinical variables 
involved in cancer management. Adding a unique anatomical and 
biomechanical structure such as the shoulder complex further 
complicates the problem. In order to better understand the underlying 
mechanisms causing shoulder pain orthopaedic researchers have 
moved towards mechanistic and genomic studies. Given that the 
clinical presentation of shoulder problems in breast cancer survivors 
mimics that of known shoulder conditions, it seems logical to cross 
reference current knowledge of mechanistic pathways and genomes 
to determine any similarities of abnormality. Further support for 
taking this direction comes from the fact that not all patients treated 
for breast cancer develop shoulder problems, structures unrelated to 
direct treatment are affected, shoulder morbidity is bilateral while 
radiotherapy (axillary or trunk) and chemotherapy are associated 
with increased upper limb pain and dysfunction [1,2].These factors 
suggest a potential systemic cause of shoulder pain and dysfunction. 

https://doi.org/10.23937/2378-3419/2/1/1009
https://doi.org/10.23937/2378-3419/2/1/1009
https://doi.org/10.23937/2378-3419/2/1/1009


• Page 2 of 2 •Shamley. Int J Cancer Clin Res 2015, 2:1

DOI: 10.23937/2378-3419/2/1/1009 ISSN: 2378-3419

has been linked to TGF-β and TNF-α and inflammatory responses 
to IL-1, TNF- α, IL-6 and TGF-β. However, current views are 
that sensitivity to radiation is largely genetically determined [11].  
Genome Wide Association (GWA) studies are exploring this with 
respect to known long term reactions such as fibrosis, atrophy and 
vascular changes, all of which could alter normal physiological and 
biomechanical function [11]. The results of these studies will be very 
interesting since the ability of damaged musculoskeletal tissues to 
tolerate load is variable in non-cancer related conditions and can 
be partially explained by a genetic component [12]. At the shoulder, 
expression of IL1-α, IL-1β, and IL-6 genes is increased in patients with 
sub acromial bursitis compared to control specimens [13] while the 
TNF-863A allele genotype is important in identifying susceptibility 
to fibrosis [14]. Whether genetic polymorphisms are able to explain 
the difference between those breast cancer survivors who develop 
shoulder problems and those who don’t remains to be explored.

In most countries shoulder pain and dysfunction is a poorly 
understood and unresolved problem for women treated for breast 
cancer. Collaboration between researchers in oncology, radiobiology 
and orthopaedics would bring together an ideal skill set for furthering 
our understanding of shoulder conditions and the impact of cancer 
treatment on healthy tissues.

References
1.	 Hidding JT, Beurskens CH, van der Wees PJ, van Laarhoven HW, Nijhuis-van 

der Sanden MW (2014) Treatment related impairments in arm and shoulder 
in patients with breast cancer: a systematic review. PLoS One 9: e96748.

2.	 Shamley D, Srinaganathan R, Oskrochi R, Lascurain-Aguirrebeña I, Sugden 
E (2009) Three-dimensional scapulothoracic motion following treatment for 
breast cancer. Breast Cancer Res Treat 118: 315-322.

3.	 McNeely ML, Campbell K, Ospina M, Rowe BH, Dabbs K, et al. (2010) 
Exercise interventions for upper-limb dysfunction due to breast cancer 
treatment. Cochrane Database Syst Rev : CD005211.

4.	 Gotoh M, Hamada K, Yamakawa H, Yanagisawa K, Nakamura M, et al. 
(2001) Interleukin-1-induced subacromial synovitis and shoulder pain in 
rotator cuff diseases. Rheumatology (Oxford) 40: 995-1001.

5.	 Sakai H, Fujita K, Sakai Y, Mizuno K (2001) Immunolocalization of cytokines 
and growth factors in subacromial bursa of rotator cuff tear patients. Kobe J 
Med Sci 47: 25-34.

6.	 Crofford LJ (1997) COX-1 and COX-2 tissue expression: implications and 
predictions. J Rheumatol Suppl 49: 15-19.

7.	 Ludewig PM, Cook TM (2000) Alterations in shoulder kinematics and 
associated muscle activity in people with symptoms of shoulder impingement. 
Phys Ther 80: 276-291.

8.	 Kobayashi M, Itoi E, Minagawa H, Miyakoshi N, Takahashi S, et al. (2006) 
Expression of growth factors in the early phase of supraspinatus tendon 
healing in rabbits. J Shoulder Elbow Surg 15: 371-377.

9.	 Takahasih S, Nakajima M, Kobayashi M, Wakabayashi I, Miyakoshi N, et 
al. (2002) Effect of recombinant basic fibroblast growth factor (bFGF) on 
fibroblast-like cells from human rotator cuff tendon. Tohoku J Exp Med 198: 
207-214.

10.	Chang J, Thunder R, Most D, Longaker MT, Lineaweaver WC (2000) Studies 
in flexor tendon wound healing: neutralizing antibody to TGF-beta1 increases 
postoperative range of motion. Plast Reconstr Surg 105: 148-155.

11.	Barnett GC, West CM, Dunning AM, Elliott RM, Coles CE, et al. (2009) 
Normal tissue reactions to radiotherapy: towards tailoring treatment dose by 
genotype. Nat Rev Cancer 9: 134-142.

12.	September AV, Posthumus M and Collins M (2012) Application of genomics 
in the prevention, treatment and management of Achilles tendinopathy 
andanterior cruciate ligament ruptures. Recent Pat DNA Gene Seq 6: 216-
223. 

13.	Blaine TA, Kim YS, Voloshin I, Chen D, Murakami K, et al. (2005) The 
molecular pathophysiology of subacromial bursitis in rotator cuff disease. J 
Shoulder Elbow Surg 14: 84S-89S.

14.	Sato H, Lagan AL, Alexopoulou C, Vassilakis DA, Ahmad T, et al. (2004) The 
TNF-863A allele strongly associates with anticentromere antibody positivity 
in scleroderma. Arthritis Rheum 50: 558-564.

https://doi.org/10.23937/2378-3419/2/1/1009
http://www.ncbi.nlm.nih.gov/pubmed/24816774
http://www.ncbi.nlm.nih.gov/pubmed/24816774
http://www.ncbi.nlm.nih.gov/pubmed/24816774
http://www.ncbi.nlm.nih.gov/pubmed/18998205
http://www.ncbi.nlm.nih.gov/pubmed/18998205
http://www.ncbi.nlm.nih.gov/pubmed/18998205
http://www.ncbi.nlm.nih.gov/pubmed/20556760
http://www.ncbi.nlm.nih.gov/pubmed/20556760
http://www.ncbi.nlm.nih.gov/pubmed/20556760
http://www.ncbi.nlm.nih.gov/pubmed/11561109
http://www.ncbi.nlm.nih.gov/pubmed/11561109
http://www.ncbi.nlm.nih.gov/pubmed/11561109
http://www.ncbi.nlm.nih.gov/pubmed/11565192
http://www.ncbi.nlm.nih.gov/pubmed/11565192
http://www.ncbi.nlm.nih.gov/pubmed/11565192
http://www.ncbi.nlm.nih.gov/pubmed/9249646
http://www.ncbi.nlm.nih.gov/pubmed/9249646
http://www.ncbi.nlm.nih.gov/pubmed/10696154
http://www.ncbi.nlm.nih.gov/pubmed/10696154
http://www.ncbi.nlm.nih.gov/pubmed/10696154
http://www.ncbi.nlm.nih.gov/pubmed/16679241
http://www.ncbi.nlm.nih.gov/pubmed/16679241
http://www.ncbi.nlm.nih.gov/pubmed/16679241
http://www.ncbi.nlm.nih.gov/pubmed/12630552
http://www.ncbi.nlm.nih.gov/pubmed/12630552
http://www.ncbi.nlm.nih.gov/pubmed/12630552
http://www.ncbi.nlm.nih.gov/pubmed/12630552
http://www.ncbi.nlm.nih.gov/pubmed/10626983
http://www.ncbi.nlm.nih.gov/pubmed/10626983
http://www.ncbi.nlm.nih.gov/pubmed/10626983
http://www.ncbi.nlm.nih.gov/pubmed/19148183
http://www.ncbi.nlm.nih.gov/pubmed/19148183
http://www.ncbi.nlm.nih.gov/pubmed/19148183
http://www.ncbi.nlm.nih.gov/pubmed/22762739
http://www.ncbi.nlm.nih.gov/pubmed/22762739
http://www.ncbi.nlm.nih.gov/pubmed/22762739
http://www.ncbi.nlm.nih.gov/pubmed/22762739
http://www.ncbi.nlm.nih.gov/pubmed/15726092
http://www.ncbi.nlm.nih.gov/pubmed/15726092
http://www.ncbi.nlm.nih.gov/pubmed/15726092
http://www.ncbi.nlm.nih.gov/pubmed/14872499
http://www.ncbi.nlm.nih.gov/pubmed/14872499
http://www.ncbi.nlm.nih.gov/pubmed/14872499

	Title
	Corresponding author
	Sub-Acromial Bursa 
	Rotator Cuff Tendons 
	Radiotherapy Alters the Expression of Many of these Proteins 
	References

