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Introduction

The primary chemotherapeutic agents for epithelial ovarian 
cancer are platinum-based drugs, which are commonly used 
in combination with a taxane regimen. These treatments are 
generally effective at achieving remission, but the remission 
is often followed by a relapse and acquired resistance to 
chemotherapy (1,2). Accordingly, acquired resistance is one 
of the main contributing factors for treatment failure and 
cancer-associated mortality.

Traditionally, resistance to chemotherapy involves multiple 
molecular mechanisms that include pharmacokinetics, tumor 
seclusion, cellular transport, inactivation/sequestration, and 
alterations in the drug target (3). Mechanisms involving 
cellular repair pathways, cell survival signals, and inhibition 

of cell death could also prevent chemotherapy effectiveness. 
The tumor microenvironment impacts drug sensitivity, 
through the actions of tumor-associated fibroblasts and ECM 
factors (2,4). In some patients, the stromal proportion of 
the ovarian carcinoma tissue can be up to 83% (5). Tumor-
associated fibroblasts regulate cancer cell behavior by 
secreting growth factors, angiogenic factors, cytokines, and 
proteases, which may support a niche for cancer stem cells (6).  
Moreover, fibroblasts express matrix proteins including 
collagen IV, fibrillin-1, and amplification of cyclin E that 
are associated with chemotherapy resistance (2). In theory, 
matrix-associated factors may be conferring resistance to 
otherwise sensitive tumor cells, or possibly providing a niche 
for dormant cells or cancer stem cells to reside in the tumor.

Recent studies indicate that conventional chemotherapies 
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may exert unwanted side effects on fibroblasts. In breast 
cancer, doxorubicin acts on fibroblasts to enhance drug 
resistance in cancer cells through high mobility group  
box-1 (7). Acting as a cytokine, high mobility group box-1  
protein increases recruitment of bone marrow cells to 
promote primary tumor progression (8). Thus, in the 
presence of chemotherapies, fibroblasts may alter the 
immune landscape in favor of primary tumor growth and 
survival. Effector CD8+ T cells are an opposing immune 
cell and a favorable prognostic factor for breast and ovarian 
cancer, particularly in recurrence-free survival (9-11). 
Effector T cells infiltrate the tumor microenvironment 
to inhibit tumor growth and progression by targeting 
tumor cells for cytolytic cell death (12); these effects can be 
enhanced by immunotherapies (9,11,13-15).

Interplay between fibroblasts and T cells in 
ovarian cancer

A recent study by Wang and colleagues provide an interesting 
twist on the interplays between fibroblasts and effector T 
cells in modulating cancer cell responses to cisplatin in high-
grade serous ovarian carcinoma (HGSOC) (16) (Figure 1). 

In initial experiments, they use primary epithelial ovarian 
cancer cells and fibroblasts isolated from an HGSOC 
patient to show that xenografts generated with tumor cells 
and fibroblasts are less sensitive to cisplatin compared 
to tumor cells grafted alone. In vitro, cisplatin induces 
apoptosis in cancer cells, but cisplatin-induced apoptosis 
is attenuated when cancer cells are supplemented with the 
fibroblast-conditioned medium. Interestingly, fibroblast-
mediated cisplatin resistance in cancer cells is abrogated 
when the fibroblasts are pre-incubated with medium from 
activated CD8+ T cells. The medium from the effector 
T cells contains high levels of interferon-gamma (IFNɣ). 
Pre-treating fibroblasts with IFNɣ increase apoptosis 
in cultured cells and is attenuated by neutralizing IFNɣ 
receptor antibodies. IFNɣ also reduces the tumor volume 
in cisplatin-treated mice with cancer cells and fibroblasts. 
These studies indicate that IFNɣ from T cells affects the 
ability of fibroblasts to promote platinum resistance in 
cancer cells.

Wang et al. continue with the investigation into the 
mechanisms by which IFNɣ alleviates fibroblast-associated 
cisplatin resistance. The intracellular content of cisplatin 
and DNA-cisplatin adducts in cancer cells are reduced 

Figure 1 Schematic diagram of known chemotherapy resistance mechanisms in solid tumors and a new mechanism proposed by Wang et al.  
The drug can be inhibited from reaching tumor cells by pharmacokinetics and insufficient drug distribution to the tumor. Tumor cells may 
be dormant or receive support from stromal fibroblasts and extracellular matrix (ECM). Within the tumor cell, pathways exist to reduce 
availability and inhibit the target effects through enhanced repair or decrease cell death. The pathway reported by Wang and colleagues 
shown in bold, now implicates the role of cysteine (Cys) and reduced glutathione (GSH) secreted by fibroblasts. These antioxidants inhibit 
cisplatin by binding the drug and enhancing the efflux of cisplatin through transporters. This molecular mechanism contributes to fibroblast-
mediated cisplatin resistance in cancer cells. In the presence of effector T cells secreting interferon-gamma (IFNɣ), IFNɣ lowers the levels 
of GSH in tumor microenvironment by inhibiting the transport of cystine into fibroblasts. Since cystine serves as a precursor for Cys, which 
is required for the synthesis of GSH, decreased transport of cystine into fibroblasts resulted in decreased synthesis of GSH. Therefore, the 
presence of effector T cells abrogates fibroblast-mediated cisplatin resistance in cancer cells.
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by the addition of fibroblasts. Similar results are found in 
the immunocompromised mouse model, and the effect is 
limited by adding CD8+ T cells but not in the presence of 
IFNɣ antibodies. The addition of fibroblasts or fibroblast-
conditioned medium, which contains high levels of 
glutathione (GSH) and cysteine (Cys), increase the cancer 
cell intracellular GSH content. Intracellular GSH can 
chelate cisplatin and efflux the complex from the cell (17).

Treatment of A2780 cells with GSH and Cys has a 
similar effect as the fibroblast medium (16). Additionally, the 
similar effects between GSH and Cys suggest the cells can 
either transfer GSH or generate this from precursors such 
as Cys. Treatment of fibroblasts with CD8+ T cells or IFNɣ 
reduces the GSH content of the medium. IFNɣ treatment 
of fibroblasts also decreased Cys synthesis and expression of 
the cystine transporter. This effect is not observed in cancer 
cells. Expression of the cell membrane enzyme gamma-
glutamyl-transferase, which breaks down extracellular GSH, 
is increased in fibroblasts after IFNɣ treatment. When 
this enzyme is knocked down in fibroblasts, the effect of 
IFNɣ to enhance sensitivity to cisplatin in tumor cells was 
partially attenuated.

GSH is particularly interesting as an antioxidant, 
which binds cisplatin along with other thiol-containing 
molecules (18), and has been shown to enhance cisplatin 
resistance (19). Conjugation of reduced form of GSH to 
cisplatin likely inactivates the drug and enhances the efflux 
of GSH-conjugated cisplatin via an ATP-binding cassette 
efflux pump (17). Cys is a critical component of GSH 
synthesis, and Cys can be derived from cystine. However, 
some cancer cells have a limited ability to uptake cystine 
based on low transporter expression (20). In this study, 
Wang et al. also demonstrates that cystine is transported 
into stromal cells, converted to Cys, which supports GSH 
synthesis and secretion to the tumor microenvironment. 
In co-culture studies, they further demonstrate that IFNɣ 
derived from effector CD8+ T cells controls the production 
of Cys and GSH through two different mechanisms. In one 
mechanism, IFNɣ regulates gene expression of gamma-
glutamyltransferase 5, which controls the breakdown of 
extracellular GSH. Second, through a STAT1-dependent 
mechanism, IFNɣ negatively regulates protein expression 
of cXT and SLC3A2, components of an amino acid 
transporter regulating the exchange of Cys and glutamate. 
These two different mechanisms modulated by T cells are 
important in preventing efflux of cisplatin from tumors, and 
re-sensitizing tumor cells to platinum-induced cell death. 

Finally, Wang and colleagues determine the associations 

between stroma or T cell content in tumor specimens and 
clinical outcome in patients with ovarian cancer. Using 
platinum sensitive and platinum resistant HGSOC samples, 
they find that higher expression of α-smooth muscle actin 
positive cells and lower levels of CD8+ T cells are associated 
more with platinum-resistant samples and correlated with 
shorter survival compared to patient samples with lower 
stroma. In their model, IFNɣ produced from the CD8+ T 
cells alters the expression of cystine transporters on the 
fibroblasts, which in turn lowers the concentrations of 
extracellular Cys and GSH, and provides a mechanism of 
drug detoxification by promoting drug conjugation and 
efflux from cancer cells. Overall, these studies provide a 
plausible answer to why patients with tumor infiltrating T 
cells have significantly better prognosis than those without 
tumor-infiltrating T cells. 

Discussion

Overall, this study shows that tumor-associated fibroblasts 
confer cisplatin resistance to tumor cells through GSH 
pathways, and this can be overcome with IFNɣ or activated 
CD8+ T cells (16). They also demonstrate the clinical 
relevance of CD8+ and α-smooth muscle actin positive 
expression in platinum resistant and platinum sensitive 
HGSOC patient samples. IFNɣ inhibition of fibroblast-
mediated cisplatin resistance in ovarian cancer is very 
interesting, and it would be important to test if IFNɣ 
therapy can enhance cisplatin response in ovarian cancer. 
In addition, anti-programmed death ligand 1 (PD-L1) 
blockage therapies may prevent T cell exhaustion and 
enhance secretion of IFNɣ by T cells (13,21). Peng et al. 
have reported that epigenetic modulators induce tumor 
expression of CXCL9 and CXCL10, which enhance T 
cell trafficking and slow tumor progression (22). These 
immunotherapies and epigenetic therapies may enhance T 
cell function and trafficking to tumor microenvironment, 
and counteract the effect of fibroblasts in enhancing 
resistance to cisplatin.

Another interesting aspect of this study is the role of 
GSH in cisplatin resistance. If GSH is the main mechanism 
by which fibroblasts mediate cisplatin resistance in ovarian 
cancer cells, it may be possible to disrupt this mechanism 
through chemical inhibition to enhance cisplatin sensitivity. 
Endogenous antioxidant molecules are essential for the 
balance of reactive oxygen species and antioxidants and 
affect cell signaling and viability (23,24). Most agents used 
to treat various cancers generate reactive oxygen species, 
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and the endogenous antioxidant response may reduce the 
effectiveness of these drugs. The two major antioxidant 
systems in cancer cells are GSH and thioredoxin (25). 
Several studies have targeted antioxidant inhibitors as 
a method of increasing cellular reactive oxygen species 
in ovarian cancer; for example, APR-246, which binds 
to Cys in GSH and sensitizes tumor cells to cisplatin 
and doxorubicin (26). Thus, strategies to modulate drug 
metabolism in cancer cells, either through controlling the 
microenvironment or targeting cancer cells directly, hold 
promise for resensitizing cancers to chemotherapy.

Currently,  immunotherapy has some success in 
melanomas and leukemias (27,28) and may hold promise 
for ovarian cancer. Ultimately, successful immunotherapy 
in carcinomas may depend on overcoming multiple 
barriers. Evidence indicates that fibroblasts regulate the 
immune landscape in carcinomas through secretion of 
cytokines. In pancreatic ductal carcinoma, fibroblasts 
overexpress CXCL12, which modulates expression of 
immunosuppressive molecules cytotoxic T-lymphocyte-
associated protein 4 and PD-L1 in cancer cells, and inhibited 
recruitment and activity of effector T cells (29). In animal 
models of skin carcinogenesis, fibroblast secretion of CCL2 
is important for regulating macrophage recruitment (30).  
In invasive breast carcinomas, the level of cytotoxic T 
cells inversely correlates with regulatory T cells and 
antigen presenting cells (10,31). These studies suggest that 
deregulated expression of cytokines may alter the immune 
landscape in favor for the tumor.

Would targeting fibroblasts enhance the recruitment and 
activity of cytotoxic T cells to the primary tumor? There 
are mixed results with targeting fibroblast activation protein 
(FAP) positive fibroblasts. Pharmacologic inhibition of FAP 
in immunocompetent mouse models of colon or lung cancer 
decreases tumor growth (32). Yet, phase II clinical trials for 
FAP inhibitors have failed to show significant changes in 
survival for metastatic colorectal patients (33). Furthermore, 
immune targeting of FAP has yielded limited anti-tumor 
effects in other mouse models of melanoma, colorectal, 
pancreatic, and breast carcinomas, and has resulted in 
cachexia and bone toxicity (34,35). One explanation for 
these failures may lie in studies indicating that bone marrow 
cells are an important source of fibroblasts and elimination 
of FAP-expressing cells may also eliminate bone marrow 
cells as well (34). In ovarian cancer, Wang et al. characterize 
the fibroblasts as cells that express platelet-derived growth 
factor receptor-α and α-smooth muscle actin. Studies have 
indicated that fibroblasts are a heterogeneous population 

of cells, characterized by expression of multiple and 
distinct overlapping markers including α-smooth muscle 
actin and fibroblast-specific protein 1 in carcinomas (36).  
Thus, fibroblast subpopulations may play distinct roles 
during tumor progression. In summary, it would be 
necessary to clearly understand the role of fibroblasts in 
tumor progression and their interactions with immune 
cells to improve the effectiveness of immunotherapy and 
chemotherapy combined.
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