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Progress Report 
 
Lymph node m etastasis represents one  of the first steps in breast cancer m etastasis.  At the tim e of 

diagnosis, m ajority of breast cancer  patients have developed lym ph node  (LN) m etastases, which is an 
important prognostic indicator.  The m echanism(s) regul ating lym phatic invasion and m etastasis in breast 
cancer are currently unknown.  A bette r understanding of the biology of m alignant cells and lym phatics in LN 
metastasis has important therapeutic implications in breast cancer.  
Objective/Hypothesis:  The lymphatic s, an  extens ive network of vessels, play  a key role in immune 
surveillance, transport and recircu lation of extracellular m atrix (ECM) com ponents such as hy aluronan (HA) 
from the interstitial fluid.  The transport of HA thr ough lymphatics is exciting, as this glycosaminoglycan has 
already been im plicated as substrate for both leukocyt e migration and tum or dissemination.  Malignant cells 
produce and shed HA in to ECM and  a high er level of HA in  the tum or interstitium predicts  poor survival of 
breast cancer patients, p ossibly because of enhanced invas ion/metastasis.  Recent studies h ave identified a 
specific HA receptor, L YVE-1, prim arily on l ymph endot helial cells (LEC).  Se questration of HA through 
interaction with LYVE-1 f acilitates HA transpor t and degr adation within the lym phatics.  Exploita tion of this 
physiological pathway may provide a c onduit for m alignant tumor cells to m etastasize to LN.  Recent studies  
suggest that HA-LYVE-1 interaction could allow up -regulation of secondary lymphoid tissue-chem okine 
(SLC/CCL21), a chem okine that induces m igration of inflammatory leukocytes to lym ph nodes.  CCL21 is 
primarily expressed in LECs and functions as a ch emoattractant for CCR7-expressi ng dendritic cells and T  
cells.  W e hypothesize that exploita tion of HA-LYVE-1 interactions by breast cancer cells allows their 
preferential LN metastasis mediated by CCL21.  In this current proposal, we will test this unique concept which 
will provide an insight into interactions of breast cancer cells with LECs,  their translocation through LECs and 
establishment as LN metastasis. In this Concept Award application, we will test the hypothesis that HA-LYVE-
1 interaction resulting in LEC production of CCL21 regulates LN metastasis in breast cancer. Two specific aims 
are proposed.  
Specific Aims: 
1) Test the hypothesis that expression of 
HA and LYVE-1 on breast cancer cells and 
LECs and their interaction regulate LN 
metastasis. 
2) Test the hypothesis that binding of HA 
to LYVE-1 regulates SLC/CCL21 production in 
LECs, which functions as chem oattractant for 
CCR7-expressing breast cancer cells.   
 
Results.  
Expression of HA and LYVE-1 on breast 
cancer cells and LECs and their interaction 
regulate LN metastasis.   
1. We analyzed the basal expression  of 
LYVE1 and HA and Has1, Has2, and Has3.  
4T1 cells express high levels of Has1 and Has2 
and HA.  W e did not observe LYVE1 
expression in 4T1 cells. 
2. We stably transf ected 4T1 cells with 
mammalian expression vector containing 
LYVE1 cDNA to generate stable LYVE 1 
expressing 4T1 cells.  We  analyzed express ion 
of LYVE and in vitro phenotypes of these cells.  
LYVE1 expressing cells showed growth 
advantage at lower s erum concentrations as  
compared to contro l v ector transfected cells.   
We observed a m orphological distinction in 

Figure 1. Cellular morphology and in vitro cell proliferation. 

 



 

 

4T1-LYVE1 cells (Figure 1).   
 

3. We transfected 4T1 cells with shRNA vector targeting Has2 and Has3 expression.  Following selection to 
derive stable clones, cells were examined for Has2, Has3 and HA expression using realtime RT-PCR.   

4. 4T1-LYVE1 and 4T1 control vector cells were inje cted into ma mmary fat pa d of BALB/c m ice and 
tumor growth and metastasis was monitored.   

We observed enhanced tum or growth and spontaneous lung m etastasis in  animals injected with  4T1-LYVE1 
cells as  co mpared to  4T1-conteo l cells ( Figure 2).  These data sug gest that  ectopic expression of LYVE1 

enhanced tumor growth and metastatic potential in mammary tumor cells.   
 
 
Has2 and Has3 expression in mammary tumor cells modulates tumor growth angiogenesis and metastasis 

 Several reports have described correlation of hyaluronan (HA) with initiation and progression of 
various types of epithelial cancers.  The HA synthase (HAS) isoforms encode the enzymes that produce and 
deposit HA while the hyaluronidase (HYAL) genes code for enzymes that degrade HA and their expression is 

Figure 2. Enhanced Tumor Growth and Spontaneous Lung Metastasis in LYVE1 Expression Mammary Tumor Cells. 
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Figure 3. Inhibition of Tumor Growth and Spontaneous Lung Metastasis in Has2 and Has3 knockdown Mammary Tumor 
Cells. 
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dysregulated in various tumors as a result of transcriptional and epigenetic changes that accompany progression. 
In this report, we examined the expression of HAS1, HAS2 and HAS3, HYAL1 and HYAL2 in mammary 
tumor cell with different metastatic potential (4T1, highly metastatic; Cl66, moderately metastatic; Cl66M2, 
low metastatic).  We observed increased expression of HAS1, HAS2 and HAS3 as well as HAYL 1 and 
HAYL2 in aggressive mammary tumor cells.  Next we stably knocked-down HAS2 and HAS3 expression in 
4T1 cells using small hairpin mRNA (sh-RNA) vectors and analyzed cell proliferation, migration, tumor growth 
and metastasis.  We observed inhibition of in vitro cell proliferation and migration in 4T1 cells knocked-down 
for HAS2 (4T1-HAS2sh) and HAS3 (4T1-HAS3sh) as compared to cells transfected with vector control (4T1-
controlsh).  Furthermore, we observed inhibition of in vivo tumor growth and spontaneous lymph node and lung 
metastases in animals implanted with 4T1-HAS2sh cells as compared to 4T1-controlsh (Figure 3).  In addition, 
we observed inhibition of tumor cell proliferation and neovascularization, and increased apoptosis in 4T1-
shHAS2 tumors as compared to 4T1-controlsh tumors.  Together, these data demonstrate an important role of 
HAS2 in mammary tumor growth, angiogenesis, invasion, and metastasis.  
 
CCR7 expression in mammary tumor cell and tumor growth and lymph node metastasis 
  We generated three stable isogenic  4T1 cells, 4T1-control, 4T1-shCCR7,  expressing different levels of 
CCR7 by stable transfection of shRNA targeting CCR7.  We used these cells to  exam ine whether CCL21  
modulates chemotaxis and migration of CCR7 expressing m ammary tumor cells.  We examined in vitro and in 
vivo growth of 4T1-control and 4T1-shCCR7 cells.  We did not observe any significant difference in in vitro 
cell proliferation and in vivo tumor growth (Figure 4).   

  Interestingly, we observed lower incidence of ly mph node metastases in mice injected with 4T1-shCCR 
cells as compared to 4T1-control.  These data suggest that CCR7 modu lation had no effect on prim ary tumor 
growth, but affects lymph node metastasis. 
 
Effect of CCL21 on CCR7 expressing mammary tumor cell chemotaxis 
  In the nest set of experim ents, we exam ined whether CCR7 m odulation affect the m igration of 
mammary tum or cell in response to CCL21.  W e observed a significant in crease in chem otaxis of CCR7 
expressing 4T1-control cell in response to CCL21.  The levels of CCL21-induced chemotaxis in 4T1-sh1CCR7 
and 4T1-sh2CCR7 cells were significantly low er as com pared to 4T1-control cells s uggesting that binding of 
CCL21 to CCR7 in mammary tumor cells regulate chemotaxis. 
 
Effect of hyaluronan on mammary tumor cell CCL21 production 
   We examined whether modulation of hyaluronan expression affect CCL21 expression in mammary 
tumor cells.  We used our mammary tumor variants expressing different levels of Has2 and 3 genes and 
examined CCL21 using ELISA.  We did not observed any significant difference in secreated or cell-associated 
CCL21 in mammary tumor cells with different levels of hyaluronan.   

Figure 4. Tumor Growth in vitro and in vivo following CCR7 knockdown in Mammary Tumor Cells. 
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Effect of hyaluronan on lymph endothelial cell CCL21 production 

 Next we exam ined direct effect o f hyalur onan on LECs expression of  CCL21 by ELISA.  LECs 
constitutively express C CL21.  Treatm ent of LECs with different concentrations of  hyaluronan did not alter 
secretion of  CCL21 in LECs.  These data sug gest that constitutive expression of  CCL21 by LECs m ight be 
sufficient for chemotaxis of CCR7 expressing mammary tumor cells. 
 

Together these data sug gest a com plex interaction between LECs and m ammary tumor cells in lym ph 
node metastasis.   
 
Relevance:  These stud ies will p rovide unique  insights in to a causa l re lationship b etween HA-LYVE-1 and 
SLC-mediated regulatio n of  LN meta stasis in breast canc er. The kno wledge gain ed f rom these stud ies will 
provide a foundation to develop diagnostic m arkers and no vel therapeutics to inhibit early LN m etastasis in 
breast cancer.   

 
Publication: Abstract:  
Varney ML, Nannuru KC, and Singh RK. Hyaluronan Synthase Expression in Mammary Tumor Cells 
Modulates Tumor Growth Angiogenesis and Metastasis.  Annual Meeting of American Association for Cancer 
Research 2010.   
 




