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The epithelial to mesenchymal transition (EMT) is a normal biological process required for 

embryonic development by which epithelial cells (or cells that line the skin, blood vessels, and 

organs) undergo physical and genetic changes to become mesenchymal cells. Epithelial cells are 

tightly bound and tethered to each other and to the extracellular matrix, but when they transition 

to become mesenchymal cells, they obtain different observable characteristics. They become 

elongated and lose their cell adhesion properties, giving these cells the ability to migrate freely 

and become more invasive (Figure 1). 

 

 

The overarching controversy is whether EMT is involved in the metastatic process of cancers 

that arise in the epithelial tissue of the skin or of the lining of internal organs (i.e. carcinomas). 

Originally it was thought that because EMT was not observed pathologically in human tumors, 

the process was absent all together in metastasis. The science of EMT began to evolve as several 

scientific studies helped redefine EMT, demonstrating that the transition is not permanent or 

linear, but much more fluid than originally thought. There are three major controversies that have 

since been resolved, though some debate still exists.  

Figure 1a: Observable changes from epithelial cells to mesenchymal cells 

	

Source: Kalluri & Weinberg (2009) 
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The first hypothesis to be disproven was the idea that mesenchymal cells derived from epithelial 

tumors would be indistinguishable from normal surrounding fibroblasts. Trimboli et al. (2008) 

used fate maps to show that even though cells look mesenchymal, the cells were actually derived 

from epithelial cells in mammary tumor models of mice. 

 
The second argument against EMT playing a major role in metastasis was that only a very small 

percentage of the primary tumor may have undergone a full EMT. These are the cells that are 

able to metastasize. However, several studies highlighted the importance of an intermediate or 

partial EMT by staining the breast cancer tumors for EMT markers. Yu et al. (2013) used RNA 

in situ hybridization to pool epithelial and mesenchymal markers in human breast cancers 

including ductal carcinoma in situ (DCIS), hormone receptor positive (HR+), HER2+, and triple 

negative breast cancer (TNBC), and found a very large percentage of tumors that were neither 

completely epithelial nor mesenchymal, but were in fact dual positive and expressed both 

epithelial and mesenchymal markers, especially in aggressive cancers like TNBC.  

 

In addition to demonstrating the importance of cell adaptability during an intermediate and full 

EMT, Yu et al. (2013) also demonstrated the association between EMT and chemotherapy 

resistance by observing epithelial and mesenchymal markers in circulating tumor cells (CTCs). 

The CTCs of patients who were responsive to treatment showed more epithelial markers, 

expressing less of the mesenchymal markers.  In the patients who did not respond to treatment, 

Figure 1b: The different stages of the epithelial to mesenchymal transition 

                   Early         !         Intermediate/Partial         !      Full 
             (Epithelial only)          (Both epithelial & mesenchymal)      (Mesenchymal only) 

Source: Adapted from Kalluri & Weinberg (2009) 
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the CTCs became more mesenchymal, expressing less epithelial markers. Though the results of 

this study did not show whether EMT affected metastasis, they did show that the EMT likely 

affects treatment resistance. 

The third controversial issue with EMT was the fact that metastases at a secondary site look 

histologically like the primary epithelial tumor.  This meant that cells had to undergo EMT to 

become migratory, then revert back through a mesenchymal to epithelial transition (MET) to 

form epithelial tissues at distant locations.  As pictured below, this cascade of events was borne 

out in the study by Tsai et al. (2012). EMT was induced with transcription factors to give cells 

the mobility to move from the primary tumor into the bloodstream. In order to grow and thrive at 

a distant secondary location, the cells could undergo the reverse process (i.e. MET) and revert 

back to an epithelial state. This study further demonstrates the importance of the cell’s transient 

nature and adaptability to a changing environment (i.e. plasticity). 

 

 

 

 

 

 

 

 

 

 

 

Another question prompted by previous studies is whether EMT was always necessary for 

metastasis to occur. Fisher et al. (2015) attempted to answer this question by using mouse 

Figure 2: Cascade of events as a cell moves from a primary tumor in and out 
of the bloodstream (via EMT) and grows at a distant site (via MET)   
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models to fate map mammary cells that have undergone EMT. Cells that express epithelial 

markers were tagged red, and cells that had undergone EMT and express mesenchymal markers 

were tagged green. These cells remained permanently green even if they transitioned back into 

an epithelial state. Like the Yu et al. study, the Fisher study showed that EMT was required for 

chemotherapy resistance, but not necessarily metastasis. The lung metastases in this study were 

almost always red which implied they had never undergone EMT and that EMT was not required 

for lung metastases to develop from breast cancer. Therefore, the results remain controversial.   

An intriguing result warranting further investigation is the ratio of cells that have not undergone 

EMT (i.e. non-EMT cells) to EMT cells.  In the primary tumor and in the lung metastases, the 

ratio was around 100:1 on average, but in the bloodstream, the ratio was 15:1 which means far 

fewer non-EMT cells were found in the bloodstream. This suggests cooperation between the two 

cell types, and that perhaps EMT cells are helping non-EMT cells get into the bloodstream which 

aids metastasis even if the EMT cells are not found at the distant secondary site. 

Tsuji (2009) tested this theory of cooperativity between EMT cells and non-EMT cells in mice 

models. Cells that had undergone EMT, whether injected subcutaneously (via the skin- Figure 

3A-SC) or into the bloodstream (via the tail- Figure 3B-IV), were found in the bloodstream, but 

did not metastasize. This result suggests that because of their mesenchymal nature, these EMT 

cells had the ability to invade the bloodstream, but without the ability to transition back to an  

epithelial state, they could not “set up shop” at a distant site and metastasize.  

 

 

 

 

When non-EMT cells were injected 

Figure 3A: EMT cells subcutaneously (S.C.) injected via the skin & intravenously 
(I.V.) injected via the tail  

Source: Adapted from Tsuji et al. (2009) 
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subcutaneously (Figure 3B-SC) into mice, the cells were never found in the bloodstream nor did 

the cells metastasize. This result suggests that because the non-EMT cells were epithelial in 

nature, they lacked the ability to migrate into the bloodstream. Without a means to travel to 

another site, these cells could never metastasize. However, when non-EMT cells could “skip” 

this step of invading the bloodstream by being injected intravenously (Figure3B-IV), these non-

EMT cells, which were epithelial in nature, had the ability to exit the blood vessel and 

metastasize at a distant site.  

 

 

 

 

 

When both EMT and non-EMT cells were injected subcutaneously (Figure 3C-SC) into mice, 

both cells were found in the bloodstream and at a distant metastatic site, indicating cooperativity 

(i.e. crosstalk) between the two cell types.  

 

These results (Figure 3D) suggest that EMT cells (mesenchymal in nature) can invade the 

surrounding tissues enabling both EMT and non-EMT cells to migrate into the bloodstream, 

Figure 3C: EMT + non-EMT cells subcutaneously (S.C.) injected via the skin  
 

Source: Adapted from Tsuji et al. (2009) 

Figure 3B: Non-EMT cells subcutaneously (S.C.) injected via the skin & intravenously 
(I.V.) injected via the tail 

Source: Adapted from Tsuji et al. (2009) 
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while only non-EMT cells (epithelial in nature) are able to regrow in the distant organs and 

establish metastasis.  

 

 

Other studies have begun to challenge the conclusion that EMT is not required for metastasis of 

carcinomas. Neelakantan et al. (2017) wanted to learn whether EMT cells could influence 

neighboring non-EMT cells by changing them to make them more migratory and invasive just by 

being in contact with EMT cells. Using human breast cancer models, EMT cells were able to 

induce more efficient migration and metastasis of weakly metastatic, non-EMT tumor cells. This 

study also revealed that a number of EMT-inducing transcription factors regulate each other (e.g. 

Snail1, Twist1, Six1) and are strongly correlated with activated Hedgehog (Hh)/GLI signaling. 

Non-EMT cells were dependent upon EMT cells inducing activation of Hh signaling which may 

have therapeutic value if the Hh signaling pathway can be disrupted to inhibit the EMT process. 

 
In conclusion, EMT plasticity may be a better definition today because EMT cells exist along a 

continuum with hybrid states having varying metastatic potential. EMT cells can be very 

epithelial, or very mesenchymal, but cells at the intermediate phase of EMT may be the most 

aggressive. EMT can contribute to metastasis in other EMT cells (i.e. cell autonomously) and in 

non-EMT cells (i.e. non-cell autonomously). EMT cells can even have an impact on the tumor 

microenvironment and influence the evasion of tumor cells from the immune system. Future 

studies should not only consider a subset of EMT markers, but also phenotypic characteristics 

(size, shape, polarity, etc.) to best define EMT. 

Figure 3D: Model of cell cooperativity and role of EMT in cancer progression & metastasis	

Source: Adapted from Tsuji et al. (2009) 
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Poster: OT2-06-04 MORPHEUS: A phase Ib/II trial platform evaluating the 
safety and efficacy of multiple cancer immunotherapy combinations in 
patients with hormone receptor-positive and triple-negative breast cancer 
 

 

This poster describes the rationale and design of the MORPHEUS Phase Ib/II clinical trial, 

which is composed of multiple trial arms to evaluate the efficacy, safety, and pharmacokinetics 

of several immunotherapy based combination therapies. Immunotherapy has been very 

successful in cancers like melanoma; however, this treatment has not shown as much progress in 

breast cancer. This clinical trial seeks to improve immunotherapy as a treatment for breast cancer 

by combining it with targeted or chemotherapeutic drugs. The goal is to have the dual effect of 

inhibiting tumor cell growth and proliferation, while simultaneously harnessing T-cells in the 

immune system to produce an anti-tumor response. 

 
The role of T-cells is to destroy and kill cells that are harmful to the body (e.g. cancerous cells or 

cells that have become infected with a virus). In order to keep the immune system functioning 

properly and to prevent T-cells from destroying “good” cells, a “checkpoint” must be performed 

Figure 1: OT2-06-04 MORPHEUS poster presented at the 2018 San Antonio Breast Cancer Symposium 
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to determine whether or not to kill any given cell. If the 

perfectly shaped virus antigen fits into the receptor on a 

T-cell, the T-cell will bind to the antigen and release 

perforin, making a hole in the membrane through which 

cytotoxins can enter to kill the infected cell (Figure 2).  

 
Some tumor cells however, have developed a 

mechanism to evade the immune system and essentially 

“trick” T-cells during a checkpoint into behaving as if 

the tumor cell is harmless. The surface of these cancer 

cells express PD-L1 proteins that are akin to flags that 

read, “I’m not harmful!” The binding of PD-L1 on the tumor cell to PD-1 on the T-cell (Figure 

2- Left) signals the T-cell that this cell is not dangerous   

and 

should not be destroyed. When 

Figure 2: Diagram of how T-cells interact with certain tumor cells in the absence of an immune 
checkpoint inhibitor (left) and the mechanism of an immune checkpoint inhibitor (Right) 

Source: © 2015 Terese Winslow LLC 
U.S. Govt. has certain rights 

Figure 2: T-cell performs a “check” 
on a cell infected by a virus	
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the binding of PD-L1 to PD-1 can be inhibited with various  

antibodies (Figure 2- Right), the T-cell can perform its role of killing cancerous cells. 

Checkpoint inhibitors essentially take the “brakes” off of T-cells. 

 

The MORPHEUS platform uses the immune checkpoint inhibitor, atezolizumab (Brand name: 

Tecentriq), as the foundation for the cancer immunotherapy combinations being evaluated. This 

therapeutic antibody will be evaluated in combination with other cancer treatments that may 

have a synergistic effect, making the immunotherapy even more effective than if it was 

administered alone. The trial will test two different cohorts of metastatic breast cancer patients; 

patients with hormone receptor positive (HR+) breast cancer and triple negative breast cancer 

(TNBC). Patients with hormone receptor positive breast cancer need more treatment options 

once the cancer becomes resistant to the standard of care (i.e. hormone therapy and CDK 4/6 

inhibitors). The population of triple negative breast cancer patients also has an unmet clinical 

need for more therapeutic options because this cancer tends to be very aggressive and has no 

approved targeted therapies. The standard-of-care for TNBC is chemotherapy, which can have a 

high toxicity profile and debilitating side effects.  

 
The study will be performed in two stages. In the preliminary phase of Stage 1, 15-30 patients 

will be randomized to either one of the four experimental arms (i.e. A, B, C, D) or the standard-

of-care control arm. Treatment arms that demonstrate clinical activity will enroll 25 additional 

patients in the expansion phase of Stage 1. 

 

Stage Arm Hormone Receptor Positive (+) Cohort Triple Negative Breast Cancer Cohort 

Stage 
1 

Control fulvestrant capecitabine + ipatasertib 
A atezolizumab + entinostat atezolizumab + ladratuzumab vedotin 
B atezolizumab + fulvestrant atezolizumab + bevacizumab 
C atezolizumab + ipatasertib atezolizumab + bevacizumab + capecitabine 
D atezolizumab + ipatasertib + fulvestrant atezolizumab + capecitabine 

Stage 
2 2A atezolizumab + bevacizumab + 

fulvestrant or Exemestane or tamoxifen 

atezolizumab  + carboplatin + gemcitabine  
-- or -- 

atezolizumab + eribulin 

Table 1: Cancer immunotherapy combinations evaluated in the MORPHEUS platform studies 
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MORPHEUS is an adaptive trial that allows for rapid assessment of the safety and efficacy of 

treatment combinations. New treatment arms may be added and/or existing treatment arms may 

be closed during the course of the study on the basis of ongoing clinical efficacy and safety. 

Patients who experience disease progression, loss of clinical benefit, or unacceptable toxicity in 

Stage 1 of the study may still be eligible to receive a different combination treatment in Stage 2.  

 

 

Personal Statement:  As a metastatic breast cancer patient, I am always eager to learn more 

about the process of how cancer cells are able to metastasize. Before the conference, I knew very 

little about the concept of epithelial to mesenchymal transition (EMT). However, after 

completing this report, I believe the evidence supports the idea that EMT is important to the 

metastasis process and may be of immense value to metastatic breast cancer patients as a 

potential therapeutic target. I plan to write and distribute a more detailed report on highlights 

from the 2018 San Antonio Breast Cancer Symposium and make them available on all my 

various social media platforms. 
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