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Altered metabolism in cancer involves both 
cancer cells and immune cells



Altered metabolism can reflect how cells adapt to their 
environment and meet their metabolic demands
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Environment constrains the metabolic network 
defined by cell intrinsic factors



Nutrient availability in tumors varies based on 
cancer type and tissue location
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Nutrients found in normal tissues can be similar 
to those found in tumors
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glutamine metabolism by inhibiting glutaminase (GLS1/GLS2) reduces T cell activation (54). Further, arginine is 

critical to forming central memory-like cells (23). Our preliminary data show reduced arginine, amongst other 

nutrients, in the interstitial fluid of metastatic tumor draining lymph nodes compared to naïve and reactive lymph 

nodes (Figure 3). These findings suggest that cancer-associated deficits in specific nutrients in metastatic lymph 

nodes could inhibit T cell activation and formation of stem-like memory T-cells. 

The fact that all cells, cancer or 

otherwise, within a tumor must 

compete for limiting nutrients leads to 

the hypothesis that depletion of 

nutrients by cancer cells causes 

metabolic alterations in 

lymphocytes that suppress anti-

cancer immune responses (9, 31). In 

primary tumors, competition between 

cancer cells and tumor-infiltrating 

lymphocytes for glucose can blunt anti-

tumor T cell responses, consequently 

promoting cancer progression (13, 25). 

The suppression of lymphocyte 

activation due to nutrient depletion by 

cancer cells would be particularly 

important in lymph nodes, which are 

critical sites of lymphocyte education 

and activation that drive systemic immune responses. The availability of select amino acids can also affect T cell 

activation and anti-tumor immune responses (23, 34, 52). This raises the possibility that exposure of naïve anti-

tumor T cells to nutrient conditions present in metastatic lymph nodes prevents their activation and contributes 

to tumor escape from immune surveillance. 

Immune suppression of metastatic lymph nodes 

Tumor draining lymph nodes (TDLNs) frequently fail to initiate anti-tumor immune responses (2, 3, 43). In 

melanoma patients, an arrest of dendritic cell (DC) maturation and a decrease in T cell activity have been 

observed in the TDLNs (58). In our preliminary data, we show that metastatic lesions in lymph nodes lack 

infiltrating lymphocytes despite ample presence of lymphocytes in the surrounding tissue (Figure 4). Each of 

these mechanisms likely contribute to the lack of immune response to metastatic lesions in lymph nodes. 

Lee et al. have shown that 4T1 breast cancer cells and B16F10 melanoma cells undergo a metabolic shift to 

fatty acid oxidation (FAO) in the lymph node (30). In addition to fatty acid oxidation (slc27a1, cpt1a, acaa2), our 

preliminary data from 4T1 breast cancer lymph node metastasis show upregulation of genes involved in 

supporting proliferative metabolism via the TCA cycle (slc16a1, gls, got1, ogdh, dlst, dld), methionine metabolism 

(slc7a11, gclc, gas, mat2a, cth) and lipid synthesis (srebpf1, fasn, acat1) relative to the primary tumor (Figure 

2). These data suggest that cancer 

cells adapt their metabolism to thrive in 

the lymph node microenvironment. This 

could be due to the scarcity of certain 

nutrients, the need to evade immune 

responses or the need to recover from 

the metastatic process and survive in a 

new microenvironment. We will 

investigate these responses further in 

breast cancer lymph node metastasis. 

Further, we measured nutrients in the interstitial fluid collected from naïve lymph nodes, reactive lymph nodes 

after vaccination with UV inactivated PR8 virus (influenza) and metastatic lymph nodes from 4T1 mammary 

carcinoma (Figure 3). Our preliminary data show decreased glutamine and increased glutamate in TDLN IF 

 
Figure 3: Interstitial fluid collected from naïve lymph nodes (LN), UV-PR8 vaccinated lymph 
nodes (Vaccinated LN) and metastatic lymph nodes from 4T1 mammary carcinomas (TDLN) 
were analyzed by quantitative LC/MS. The data show that cells in activated lymph nodes and 
metastatic lymph nodes are exposed to different levels of certain amino acids compared to 
each other and naïve lymph nodes. The decrease in glucose levels may suggest glucose 
consumption is elevated in TDLN. 

 
Figure 4: Immunofluorescent staining of metastatic LNs from head and neck (n=8-9 LNs from 9 
patients), colon (n=19-21 LNs from 13 patients), and breast cancer patients (n=12-15 LNs from 7 
patients). Cancer cells-blue, CD3+ T cells-red, and CD20+ B cells-green. Scale bar = 1 .2mm. 
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Does tissue nutrient availability restrict where
cancer cells form tumors (i.e. metastasis)?



How does tissue site affect tumor metabolism?
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Tumor metabolism is similar in primary tumors 
and metastases
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Assessing tissue preference for growth of cancer cells
at primary and metastatic sites 
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Figure 3

Primary and metastatic PDAC forms tumors in all sites, 
but grow best in the primary site
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Evidence for a similar metabolism in primary and 
metastatic tumors
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Evidence for a similar metabolism in primary and 
metastatic tumors
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Similar metabolic heterogeneity is observed in
primary and metastatic tumors



Is accessing the right nutrient environment 
important for tumor growth?
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Cancer cells from metastatic tumors grow 
best in the primary tissue site
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Differentially nutrient availability may impact 
whether cells can function in different tissues
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Perturbing levels of one or more nucleotides can 
promote hematopoietic cell differentiation

Sykes et al. Cell 2016.

ER-HoxA9 GMP-like cells
with Lysozyme-GFP
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Replication stress can promote cell state changes 
downstream of altered nucleotide levels
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Replication stress impacts expression of some
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Replication stress promotes progression along a cell state 
trajectory that is dependent on TF expression

Brian Do

Figure 6: Replication st ress advances cells along their p reprogrammed cell state trajector y.
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