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ABSTRACT 

 

Cancer is a leading global health challenge, representing a significant burden on healthcare systems because of its 
high fatality ratio. According to WHO, cancer is the second most frequent cause of mortality all around the world, 

accounting for millions of fatalities each year. The rising incidence of cancer cases necessitates ongoing research 
and the development of novel treatment strategies for optimizing patient health outcomes. Among the promising 

advancements in cancer therapy is immunotherapy, which aims to enhance the capability of the immune system to 
recognize and annihilate malignant cells. Immune checkpoint inhibitors, including interventions aimed at PD-1/PD-

L1 pathway, have gained attention for their potential to reactivate T cells and bolster anti-tumor responses. This 

review counters around mechanisms regulating PD-L1 expression and the role of KRAS mutations in tumor 
progression and immune evasion. The role of PD-L1 in binding to PD-1 receptors on T cells is pivotal in masking 

immune response thereby allowing tumor cells to bypass immune surveillance and destruction. The review 
discusses various factors influencing PD-L1 expression, including transcriptional regulation by key signaling 

pathways and the impact of inflammatory cytokines within the tumor microenvironment (TME). Additionally, it 

highlights how genetic alterations, particularly KRAS mutations, can drive PD-L1 overexpression and contribute to 
tumor aggressiveness. In conclusion, understanding the sophisticated interplay between PD-L1 expression and 

KRAS mutations is essential for developing targeted immunotherapies and enhancing precision medicine 
approaches in oncology. By elucidating these mechanisms, researchers can identify new therapeutic targets and 

improve treatment strategies, ultimately aiming to enhance patient survival rates and health-related life quality in 
cancer care. This review underscores the importance of ongoing research in this area to address the challenges 

posed by cancer's heterogeneity and resistance to existing therapies. 
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INTRODUCTION  
 

Cancer is the most prevalent serious health problem; 

morbidity and mortality ranked cancer as the second 
leading contributor to deaths globally. In 2013, more 

than 8 million deaths occurred from this disease 
globally which ranked cancer as the third leading 

cause of death in 1990 to the second (1, 2). An 

increase in approximately 6 million new cases has 
been reported by the International Agency for 

Research on Cancer (IARC) from 2012 to 2022. Lung 
cancer has been recognized as the most frequently 

diagnosed cancer in 2022 with 273,904 new cases 
compared to 2020. The global rate of new cancer 

cases is anticipated to reach 35.3 million cases, 

including  2.5 million cases  of lung cancer by the 

year 2050 (3, 4). High Incidence and mortality rate 

impose a significant impact on healthcare systems 

and demand further investigation to improve survival 
and treatment efficacy.  

There are high chances of survival by 

immunotherapy with antibodies in lung cancer 
through inhibition of the reciprocation among PD-L1 

and its binding protein, PD-1. (5, 6). The two 
dominant histological forms of lung cancer are SCLC 

and NSCLC. Depending on classification and severity 

of lung cancer surgery, radiation therapy, 
chemotherapy, and targeted therapy form the 

backbone of treatment therapies. Though there is 
better diagnosis and treatment therapy these days  

yet lifelong prospects and well-being for the patients 

of lung cancer are still suboptimal (7, 8). New 

advances in cancer immunotherapy have emerged as 

one of the leading fields of investigation in oncology 
because this improves the specificity of the immune 

mechanisms against cancer, including lung cancer. 

Immune checkpoints, including PD-1 and CTLA-4,  
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have been demonstrated in experimental studies that 

these proteins function as "brakes" on immune 

activity. This indicates that blocking these immune 
checkpoints could potentially reactivate T cells, 

thereby improving their capability to recognize, target 
and destroy cancer cells more effectively (9). 

Disruption/blockage of the PD-1/PD-L1 cascade has 

proved to improve clinical efficacy, especially linked 
to t-cell penetration, in various cancers. Interaction 

of PDL-1 and KRAS and their co-expression was 
observed in different studies with good outcomes 

where RAS/MEK/ERK signaling pathway regulated by 

this combination also recorded (10). So, the positive 
correlation of these molecules could be a better 

approach in the immunotherapeutic treatment of 
lung cancer. 

 
Overview of PD-1/PDL-1 pathway 

PDL-1, encoded by CD274 gene, present on tumor 

cells serves as a binding molecule for receptor (PD-1) 
located on T cells. The interaction of PD-1 with 

specific receptors is responsible for the T-cells 
activation, proliferation, and secretion of cytotoxic 

chemicals ultimately leading to degeneration of anti-

cancer immune defense. Thus, apoptosis of activated 
T-cells resulting in a diminished capacity to identify 

tumor cells facilitating the proliferation of cancer 
metastases as shown in Figure 1 (5). 

 
PD-1 

PD-1, or alternatively termed as CD279, was first 

identified in 1992 through research conducted at 
Kyoto University. They discovered PD-1 while 

investigating genes associated with apoptosis using a 
subtractive hybridization technique. The protein was 

isolated from two specific murine cell lines: 2B4.11 

and LyD9 (12). This immune checkpoint protein, 

entangled in regulating immune responses, weighing 
55-kD, comprising 288 amino acids, featuring N-

terminal and membrane-permeating domains, and a 
cytoplasmic tail containing tyrosine residues (13).  

 

PD-L1 
PD-1 ligand, identified as CD279 or B7-H1, is 

categorized as a member of the B7 family of 
proteins. It is a 33-kDa glycoprotein of type 1 

transmembrane category, composed of 290 amino 

acids (14). It is predominantly expressed on several 
types of lymphocytes including macrophages, 

activated T cells, B cells in the context of 
inflammatory conditions, and also presents on tumor 

cells as an immunotherapeutic strategy that evades 
anti-tumor immune responses (15). PD-L1 actually 

appears as pro-tumorigenic characteristics within 

cancer cells by binding to its receptor, thus activating 
pathways that govern survival mechanisms and 

cellular growth (16). It was found from an 
experimental study that the PD-1 molecules were 

positive on the surface of Lewis lung cancer cells, T 

cells in spleens of C57BL/6 mice and circulating T 
lymphocytes in peripheral blood. In the comparison 

study, it was reported that a 10-μg dose of sPD-L1 
administered caused significant tumor volume growth 

in the mice bearing Lewis lung cancer cell-derived 
tumors. Conversely, there was no significant 

alteration in tumor volume with lower doses of 2.5 μg 

and 5 μg. Therefore, a particular dosage of sPD-L1 
seems to augment development of xenograft tumors 

arising from Lewis lung cancer cells in C57BL/6 mice 
(17). 

 

 

 
 

Figure 1.: Interaction of PD-1/PD-L1 of cancer cell with T cell resulting in activation and survival of T-cell (11) 
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Mechanisms Regulating PD-L1 Expression 

 

Transcriptional Regulation of PD-L1 in 
Tumours 

PD-L1 is among the significant immune checkpoint 
proteins involved in tumor immune evasion. Tumor 

expression of PD-L1 can be controlled at multiple 

levels, though mainly at the transcriptional level 
(Figure 2). 

 
Activator Protein 1  

AP-1, a transcriptional factor belonging to Jun and 

Fos protein families, is triggered and activated by 
different types of stress signals. AP-1 also 

upregulates PD-L1 for inflammatory stimuli or on 
signal oncogenic (18). 

 
NF-κB 

This transcription factor is induced by inflammatory 

cytokines and may induce PD-L1 in most cancers. NF-
κB signaling is often activated by tumor-associated 

inflammation, and presence of PD-L1on cells can be a 
critical factor of immune evasion (19). 

 

STAT3 
This is another transcription factor typically 

implicated in the induction of PD-L1. It is triggered by 
cytokine activity such as IL-10 and IL-6, which are 

generally overexpressed in tumor cells. Activated 
STAT3 results in increased expression of PD-L1 and is 

generally associated with immune tolerance through 

its role in downregulating T-cell activation. 

 

Interferon Signalling 

Interferon Gamma (IFN-γ) 
IFN-γ is powerful stimulator of PD-L1 expression, 

acting through JAK-STAT pathway, particularly the 
STAT1 component, to induce PD-L1 transcription. 

This is part of an immune response in the TME, 

where IFN-γ is secreted by immune cells, including T-
cells and NK cells (19). 

 
Type I Interferons (IFN-α/β) 

These interferons also contribute to PD-L1 expression 

in tumors, especially in the context of viral infections 
or other forms of immune cell activation (19). 

 
Epigenetic Regulation 

DNA Methylation 
Excessive methylation of the PD-L1 gene promoter 

region in some cancers also downregulates its 

expression. However, demethylation of PD-L1 gene’s 
promotor area has been found to cause 

overexpression of PD-L1 in many cases, and it has 
been observed that  PD-L1 is often induced by 

inflammatory signals (20). 

 
Histone Modification 

Histone alterations occurring after translation 
including acetylation and methylation also regulate 

PD-L1 expression. Inflammation and oncogenic 
mutations may also modify these events and cause 

changes in the accessibility of chromatin as well as in 

transcriptional upregulation of PD-L1 (20). 

 
Figure 2: Mechanisms Regulating PD-L1 Expression (21)  
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The Role of Inflammatory Cytokines and 

Tumor Microenvironmental Factors 

TME has been recognized as a crucial regulator of 
PD-L1 expression. Key mediators of inflammatory 

cytokines in this process are identified as IFN-γ, 
produced by immune cells within the TME, as an 

effective inducer of PD-L1; this overexpression of PD-

L1 in tumor cells creates a feedback loop in which 
PD-L1 engagement with PD-1 on immune cells 

inhibits T-cell activation, thus aiding in immune 
evasion. In addition, IL-6 and IL-10, which are 

normally elevated in the TME because of 

inflammation, further support PD-L1 expression 
modulated by STAT3 signaling. IL-6 participates in 

the "JAK-STAT" signaling axis that upregulates 
expression of PD-L1, facilitating tumor cells in 

evading immune detection and response. TGF-β also 
acts as a PD-L1 key regulator within the TME, as it 

induces PD-L1 expression for immune suppression 

and allows tumors to evade immune detection. 
Besides this, hypoxia in tumors can activate HIFs, 

especially HIF-1α, which has been demonstrated to 
cause induction of PD-L1 due to low oxygen levels 

that further contribute to immune evasion during 

tumor progression. Collectively, these inflammatory 
factors create an immunosuppressive environment 

that fosters tumor growth and resistance to immune-
mediated destruction (19, 22, 23). 

 
Tumor-Intrinsic Factors Influencing PD-L1 

Expression 

Genetic Alterations and Mutations Driving PD-
L1 Overexpression 

Genetic abnormalities, such as mutations and CNVs, 
can drive PD-L1 overexpression in tumors. In some 

cancers, PD-L1 itself undergoes amplification. This is 

particularly seen in cancers such as NSCLC and 
HNSCC, where increased copy numbers of the PD-L1 

gene directly translate into higher expression levels 
of PD-L1 on the surface of the tumor cell (24). 

 

Oncogenic Mutations and Pathways: 
KRAS Mutations 

As noted in the previous sections, KRAS mutations in 
certain cancers are linked to increased PD-L1 

expression in some malignancies. Mutant KRAS 
activates several key pathways such as MAPK and 

PI3K/AKT, potentially contributing to PD-L1 

upregulation either directly or indirectly via 
intermediary transcription factors involving STAT3 

and NF-κB (25). 
 

EGFR Mutations 

EGFR mutations, which are common in NSCLC, have 
also been associated with PD-L1 overexpression. 

EGFR signaling activates PI3K/AKT and STAT3 
pathways, which promote PD-L1 transcription (25). 

 

PIK3CA Mutations 

Another mechanism through which immune escape is 

created in cancer is through PIK3CA mutations, an 
essential gene in the PI3K/AKT pathway, leading to 

the upregulation of PD-L1 expression. This is 
particularly evident in breast cancer and endometrial 

cancer (26). 

 
Chromosomal Aberrations 

The PD-L1 overexpression may also result from 
chromosomal instability that causes the disruption in 

the regulatory regions of the PD-L1 gene. For 

example, LOH or translocations at particular loci 
could induce upregulation of PD-L1 (26). 

 
Relationship Between PD-L1 Expression and 

Tumor Development 
Over-expression of PD-L1 has been correlated with 

aggressive behaviour of the tumor and worse 

prognosis in a variety of cancers. PD-L1 mediates 
tumor immune evasion through the inhibition of 

cytotoxic T-cells and NK cells function, allowing the 
tumor to grow unchecked, which contributes to 

metastasis and resistance to therapy. High PD-L1 

expression typically suggests that TME is enhanced 
by increased inflammation and angiogenesis, since 

tumors having high PD-L1 are usually found in a pro-
inflammatory environment that favors increased 

survival, angiogenesis, and evasion of the immune 
system. However, in some contexts, PD-L1 

expression can be utilized as a predictive marker for 

the effectiveness of immune checkpoint inhibitors, 
thus highlighting its dual role in cancer biology as 

both a marker of poor prognosis and a potential 
target for therapeutic intervention (27-30). 

 

Therapeutic implications of PD-L1 in cancer 
treatment 

Role of PDL-1 in lung cancer treatment 
NSCLC patients commonly diagnosed at advanced 

and unresectable stage leading to consistently poor 

outcomes and limited treatment options with low 
survival rate (31, 32). The clinical effectiveness of 

PD-1/PD-L1 blockade/inhibitors has been evaluated 
across various cancers, such as colorectal, gastric, 

bladder, ovarian and pancreatic cancers. In the case 
of NSCLC response rate ranging from 6% to 17% 

with an improved survival rate was observed in 

patients (33). A study on lung cancer examined the 
effects of combining two therapeutic approaches 

anti-C5a treatment using l-aptamer AON-D21 and the 
anti-PD-1 therapy employing monoclonal antibody 

RMP1-14. This dual targeting strategy showed that 

combinational treatment resulted in more potent 
tumor inhibition than the treatments given alone. It 

showed that in the subcutaneous 393P model, there 
was a synergistic effect, which resulted in the tumor 

growing less compared to the treatment with a single 
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agent (34). Another research has established the fact 

that modulation in PD-L1expression correlates with 

the following aspects: male sex, smoking history, 
advanced-staged cancer, vascular invasion, 

squamous cell malignancy, and presence of EGFR 
mutation and is in wild type. Survival analysis, 

whether it be univariate or multivariate, 

demonstrates that a worse prognosis occurs among 
patients with PD-L1 positive as opposed to negative 

tumors (35).  
 

PDL-1 in lung cancer Prognosis 

PD-L1 is an effective biomarker to predict the 
prognosis and therapeutic effectiveness, facilitating 

to opt a best treatment strategy as well as enhancing 
the effectiveness of precision medicine  (36). For 

example, over-expression of PD-L1 in various 
cancers, including hepatocellular carcinoma, is linked 

to unfavorable clinical outcomes. Although PDL-1 

value depends on various factors but an Increased 
expression of PD-L1 linked to poorer outcomes (p = 

0.0367) (37).  
 

Drugs or PD-1/PDL-1 inhibitors in lung cancer 

treatment 
Different targeted drugs including Nivolumab 

(marketed as Opdivo), Pembrolizumab (marketed as 
Keytruda), and Cemiplimab (marketed as Libtayo) are 

engineered to target PD-1. PD-1 typically functions in 

maintaining immune by inhibiting overactive T cells 

from attacking healthy cells in the body. By inhibiting 
PD-1, these medications enhance the capability of 

immune system to detect and target cancerous cells, 
potentially leading to tumor shrinkage as shown in 

Figure 3. Atezolizumab (Tecentriq) and Durvalumab 

(Imfinzi) are immunotherapeutic agents that 
specifically target PD-L1, a protein associated with 

PD-1, present on certain tumor and immune cells. By 
targeting this protein, these therapies enhance ability 

of immune system to battle cancer. The 

administration of PD-1/PD-L1 inhibitors can vary 
based on lab test results and the stage of lung 

cancer. These treatments may be combined with 
chemotherapy or used alone, and they can also be 

paired with CTLA-4 inhibitors. Additionally, they may 
be administered either before or after surgical 

intervention for early-stage lung cancer, or continued 

for an extended duration in cases of advanced-stage 
lung cancer (38, 39). A meta-analysis carried out 

recently encompassing seven randomized controlled 
trials has showed that anti–PD-1/PD-L1 therapies 

significantly performed better compared to other 

treatments. The findings indicated a marked 
improvement in these clinical outcomes when using 

anti–PD-1/PD-L1 therapies compared to traditional 
chemotherapeutic approach (40).  

 
 

 
Figure 3: PD-1/PDL-1 interaction with T-cell with and without inhibitors 

(https://blogs.cuit.columbia.edu/postdocsociety/2023/08/) 

 

Genetic and Molecular Features of KRAS 
Mutations 

KRAS is a small GTPase involved in intracellular 
signaling pathways for cellular proliferation, survival, 

and differentiation. As a member of the RAS family, 

KRAS resides at 12p12.1 and serves as a molecular 
regulator, it modulates by switching between its 

active GTP-bound and inactive GDP-bound 
conformities. Mutations of KRAS take place 

predominantly at codons 12, 13, and 61, while codon 

12 mutations make up almost 90% of the total 

number of KRAS mutations, the most prevalent 
variants being G12C, G12D, and G12V (41). These 

cause constitutive activation of the KRAS protein, 
activating oncogenic signaling through such 

pathways as MAPK/ERK and PI3K/AKT, among 

others, to promote proliferation, survival, 
angiogenesis, and invasion (42). Codon 13 

mutations, such as G13D, also activate KRAS and are 
relatively less common. While less common, the 

codon 61 mutation is coupled with MAPK pathway 

activation and tumorigenesis.  
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KRAS mutations are ubiquitous among many solid 

tumors, making this an important aspect of cancer 

biology and its treatment outcome (42). In NSCLC, it 
is estimated that up to 25-30% of cases carry KRAS 

mutation, and G12C is the most prevalent among 
them; these often show association with smoking 

and predict for poor prognosis and drug resistance to 

EGFR inhibitors. In CRC, there is about 35-45% KRAS 
mutation predominantly at codon 12, which results in 

poor outcomes and a failure to the anti-EGFR 
therapies (41). Pancreatic cancer indicates the 

highest prevalence of the KRAS mutations with its 

over 90% prevalence being found in pancreatic 
ductal adenocarcinoma (PDAC); and these are early 

events that correlate with aggressive disease and 
also poor survival rates. 10-20 % of serous 

carcinomas of ovarian cancers carry KRAS mutations. 
These mutations are known to contribute to 

chemotherapy resistance. In the case of endometrial 

cancer, 20-30% of the patients have their KRAS 
mutations, a high frequency seen in serous types, 

which gives the tumor aggressive behaviors. In other 
cancers such as bladder, esophageal, biliary tract, 

and melanoma, KRAS mutations have lower 

frequencies but still are clinically relevant. Knowledge 
about the prevalence and impact of KRAS mutations 

across the different types of cancers can help in 
developing targeted therapies and improving patient 

management strategies (43, 44). 
 

Mechanisms of KRAS-Mediated Tumorigenesis 

Activation of MAPK/ERK pathway: KRAS 
mutations activate the MAPK/ERK signaling cascade, 

resulting in the phosphorylation and activation of 
transcriptional regulators like AP-1, c-Fos and c-Jun, 

which contribute to the upregulation of genes crucial 

for cellular proliferation and survival. This pathway is 

essential for proper regulation of cellular 

proliferation, notably during the critical G1 to S phase 
transition. 

 
Activation of PI3K/AKT pathway 

Another critical signaling cascade activated by mutant 

KRAS is the PI3K/AKT pathway, which supports cell 
survival by suppressing pro-apoptotic proteins (Bad & 

BAX) and activating pro-survival proteins, such as 
Bcl-2. The AKT pathway also controls metabolism 

and supports cell growth (45, 46). 

 
Evasion of apoptosis 

Mutant KRAS triggers resistance to cell death signals. 
For instance, cancers with the KRAS mutation cause 

anti-apoptotic proteins, such as Bcl-2, to upregulate 
so that under the conditions that would have 

otherwise made these cells to die (47). 

 
TME remodelling 

Mutant KRAS influences the TME, which promotes 
immune evasion and tumor-associated inflammation. 

The mutations in KRAS lead to the recruitment of 

immunosuppressive cellular population (MDSCs, 
Tregs and TAMs)  thereby suppressing anti-tumor 

immune responses (47). 
 

Angiogenesis 
KRAS mutation also contributes to angiogenesis, as 

tumors stimulate the growth of new vessels to supply 

nutrients and oxygen towards growing tumor 
masses. They do this by upregulating factors that 

include vascular endothelial growth factor (VEGF) 
(Figure 4) (48). 

 
Figure 4: Mechanisms of KRAS-Mediated Tumerogenesis (49) 
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Interplay Between KRAS Mutations and PD-L1 

Expression 

The interplay between KRAS mutations and PD-L1 
has recently attracted considerable attention through 

its implications in tumor immune evasion, immune 
checkpoint resistance, and cancer progression. KRAS 

mutations not only drive the oncogenic 

transformation of tumor cells but are also crucial for 
the modeling of the TME (50). The interplay between 

KRAS mutations and PD-L1 expression serves as 
major pathway of immune evasion in many KRAS-

driven cancers, including NSCLC, pancreatic cancer, 

colorectal cancer, and others. KRAS mutations 
activate several critical signaling pathways, including 

PI3K-AKT and NF-κB, that lead to increased PD-L1 
expression, creating an immunosuppressive TME that 

limits the effectiveness of immune-based therapies. 
Here’s a detailed exploration of this interplay. 

 

Impact of KRAS Mutations on TME 
Alteration of Immune Cell Recruitment 

KRAS mutations are involved in sculpting the TME 
made up of malignant, stromal and immune cells 

along with extracellular matrix elements. 

Oncogenesis by KRAS typically leads to TME that 
supports suppression of the immune environment 

while favouring tumor growth and progression. The 
mutation, in turn, influences many different types of 

immune recruitment and activation in TME such as 
MDSCs, TAMs, and Tregs. These cells function in 

immune tolerance and anti-killer cell immunity-

related killing of tumor cells (51, 52). 
 

Immune Suppression and PD-L1 Expression 
KRAS mutations within tumor cells indirectly alter the 

expression of PD-L1 through altered infiltrative 

patterns of immune cells and cytokines production in 
the TME. For instance, both TAMs and MDSCs, which 

are often attracted to KRAS-driven tumors, can 
secrete IFN-γ, among other pro-inflammatory 

cytokines that activate PD-L1. The PD-1/PD-L1 

pathway then inhibits the function of TILs, especially 
CTLs, thereby promoting immune escape. KRAS 

mutations also modulate release of pro-inflammatory 
cytokines, which may contribute to stimulation of the 

immune checkpoint pathways, such as PD-L1 (53, 
54). 

 

Fibroblast Activation and Tumor Stiffness  
KRAS mutations affect the activation of fibroblasts 

and the remodeling of the extracellular matrix, which 
can both contribute to tumor stiffness and immune 

suppression.CAFs can also produce TGF-β, which 

further supports immune suppression and the 
expression of PD-L1 on tumor cells. KRAS mutations 

can also induce a pro-fibrotic TME, promoting 
immune cell exclusion, such as CTLs, and 

contributing to the overall immune evasion 

phenotype (55, 56). 

 
Regulation of PD-L1 by KRAS-Driven Pathways 

Several signaling pathways initiated by KRAS 
mutations are known to directly or indirectly regulate 

PD-L1 expression on tumor cells. These include key 

molecular players such as PI3K-AKT, MAPK/ERK, and 
NF-κB which drive immune evasion and tumor 

survival as shown in Figure 5. 
 

MAPK/ERK Pathway 

KRAS mutations most commonly activate the 
MAPK/ERK pathway, particularly in malignancies such 

as NSCLC and pancreatic cancer. This pathway is 
vital to promote proliferation and survival; however, 

it also seems to mediate immune escape. MAPK/ERK 
activation leads to upregulation of PD-L1 through 

transcription. For instance, AP-1, a transcription 

factor that is activated downstream of ERK signaling, 
has been shown to drive the expression of several 

immune checkpoint molecules, such as PD-L1. The 
upregulation of MAPK signaling can create an 

immune-surveillance-evading capability for tumor 

cells through T cell inhibition and exhaustion of 
cytotoxic T lymphocytes (57). 

 
PI3K-AKT Pathway 

Another key downstream signaling cascade triggered 
by mutations of KRAS is the PI3K-AKT pathway. AKT 

(Protein Kinase B) regulates various processes 

related to survival, metabolism, and immune evasion 
directly. Upon its activation, it promotes up-

regulation of NF-κB, a transcription factor known for 
enhancing PD-L1. NF-κB, through its transcriptional 

activity, mediates an immunosuppressive TME by 

stimulating the expression of PD-L1 on malignant and 
immune cells. AKT also phosphorylates and thus 

activates mTOR, an established activator of signaling 
that leads to increased levels of PD-L1 in numerous 

cancers (45, 58). 

 
NF-κB Pathway 

NF-κB is an established mediator of inflammation and 
immune evasion in TME. KRAS mutation activation 

leads to NF-κB activation that facilitates a tolerance 
mechanism by transcriptionally upregulating many 

immune checkpoint molecules, of which PD-L1 is the 

most significant. These cytokines (IL-1 and TNF-α) 
may activate the NF-κB pathway in both tumor and 

immune cells, which in aggregate supports a chronic 
inflammatory status that fuels tumor growth while 

suppressing immunity (57). 

 
JAK-STAT Pathway 

Another important regulator for the expression of PD-
L1 is the JAK-STAT signaling pathway. Mutations in 

KRAS trigger the activation of STAT3 within certain 
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cancers, such as pancreatic cancer, which induce 

upregulation of PD-L1 on tumor and diffusing 

immune cells. Upon activation, STAT3 upregulates 
the secretion of proinflammatory cytokines, 

particularly IL-6, thus inducing PD-L1 upon tumor 

cells through both JAK-STAT signaling pathway and 

MAPK pathway (19). 

 
Figure 5: KRAS driven PDL-1 upregulation (59) 

 

Preclinical and Clinical Evidence of KRAS 

Mutation and PD-L1 Expression Correlation 
Preclinical Studies 

Preclinical studies have greatly advanced our 
understanding of the relationship between KRAS 

mutations and PD-L1 expression, showing how KRAS-
driven signaling pathways contribute to immune 

evasion and resistance to immune checkpoint 

inhibitors. These agents also decrease the PD-
L1expression in models of NSCLC. Thus, KRAS 

mutations seem to induce PD-L1 among tumor cells, 
and it appears that targeting KRAS could indeed help 

to evade immune inhibition. Moreover, combination 

therapy with KRAS inhibitors along with PD-1 
inhibitors has proven efficacious in preclinical studies, 

confirming the relationship between KRAS mutations 
and the regulation of PD-L1. In pancreatic cancer, 

studies using preclinical models have demonstrated 
that KRAS-mutant tumors exhibit increased PD-L1 

expression due to the activation of the MAPK/ERK 

and PI3K-AKT pathways. The combination of PI3K 
inhibitors or immune checkpoint inhibitors with KRAS-

targeting agents has been shown to enhance 
immunity. Likewise, in CRC models, increased 

expression of PD-L1 in tumors harboring KRAS 

mutation promotes immune escape, but a study 
suggests that therapy that targets KRAS coupled with 

anti-PD-1/PD-L1 inhibitor improves the competency 
of immunotherapy (50, 60-62). 

 

Clinical Studies and Observations 
Clinical studies further support the alliance 

between KRAS mutations and elevated PD-L1 
expression across various cancers, indicating a 

potential link to immune evasion via the PD-1/PD-L1 

pathway. NSCLC patients with KRAS mutations 

frequently exhibit elevated PD-L1 levels and reduced 
responsiveness to anti-PD-L1 treatment therapies; 

however, therapies targeting KRAS-G12C mutations 
have demonstrated substantial potential in reducing 

PD-L1 expression and improving outcomes with 
immune checkpoint blockade. In pancreatic cancer, 

elevated PD-L1 levels correlate with poor 

immunotherapy responses in patients with KRAS-
driven tumors, while combination therapies targeting 

both KRAS and PD-1/PD-L1 have led to significant 
tumor regression in animal models. In CRC, higher 

PD-L1 expressions are observed in KRAS-mutant 

cases, particularly in microsatellite stable tumors, 
which typically exhibit resistance to immune 

checkpoint inhibitors; ongoing research is exploring 
combinations of KRAS-targeted therapies with these 

inhibitors to improve treatment outcomes. 
Additionally, in melanoma, KRAS mutations 

correspond with increased PD-L1 level and resistance 

to immunotherapy, prompting investigations into the 
proficiency of coupling KRAS inhibitors with PD-1 

inhibitors in this patient population (61, 63-66). 
 

Immune Evasion Mechanisms in KRAS-Mutant 

Cancers 
KRAS mutations are critical oncogenic drivers of 

cancer development and significantly alter the TME, 
which promotes evasion of the immune system. 

These cancers harbor an altered immune landscape 

which impairs the immune system's capability to 
monitor such cancers and treat them. The TME 

becomes immunosuppressive in these cancers, 
promoting the evasion by the immune system and, 

consequently, destruction of such tumors (51). Here's 
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a detailed exploration of the immune evasion 

mechanisms in KRAS-mutant cancers. 

 
Immunosuppressive TME in KRAS-Mutant 

Cancers 
KRAS mutations have a substantial effect on the 

composition and functionality of the TME to establish 

an immunosuppressive environment that promotes 
immune evasion. Oncogenic KRAS stimulates 

important signaling pathways such as PI3K-AKT, 
MAPK, and JAK-STAT to activate pro-inflammatory 

signals paradoxically, which promote immune 

tolerance. This altered immune landscape is 
characterized by an increase in immune cell types 

that support tumor progression, such as MDSCs, 
Tregs and TAMs. MDSCs are expanded in KRAS-

mutant tumors, releasing cytokines with 
immunosuppressive effects (TGF-β & IL-10) that 

block T cell activation. Tregs also proliferate in 

response to KRAS mutations, further mitigating anti-
tumor immune responses through similar cytokine 

secretion (52, 67, 68). KRAS mutations also activate 
CAFs that secrete TGF-β and contribute to 

extracellular matrix remodeling, leading to tumor 

stiffness that hinders immune cell infiltration—a 
phenomenon known as immune exclusion. In 

addition, the mutations of KRAS alter the expression 
of cytokines and chemokines within the TME, causing 

upsurge in concentrations of pro-inflammatory 
mediators (IL-6 and TNF-α), recruiting 

immunosuppressive cells while also activating 

pathways that induce the expression of molecules 
associated with immune checkpoints such as PD-L1, 

thereby facilitating immune resistance (55). Strong 
clinical correlations exist between KRAS mutations 

and increased PD-L1 levels in most cancers, 

implicating these mutations in the immune evasion 
pathway through the PD-1/PD-L1 axis. KRAS 

mutations in NSCLC have been correlated with high 
levels of PD-L1, and responses to anti-PD-1 or anti-

PD-L1 therapy are very poor. However, targeted 

KRAS G12C inhibitors have demonstrated the ability 
to decrease PD-L1 expression and enhanced 

responses to immune checkpoint inhibitors (61). In 
pancreatic cancer, patients with KRAS-driven tumors 

have higher levels of PD-L1, correlated with poor 
immunotherapy response; combination therapies 

targeting KRAS and PD-1/PD-L1 have demonstrated 

excellent tumor regression in preclinical models (69). 
In CRC, KRAS mutations are linked to increased PD-

L1 expression, specifically in microsatellite stable 
tumors that are usually resistant to immune 

checkpoint inhibitors; ongoing research is focused on 

combining KRAS-targeted therapies with these 
inhibitors to improve the efficacy of treatment (70, 

71). Moreover, in melanoma, KRAS mutations are 
associated with elevated PD-L1 expression and 

resistance to immunotherapy, hence clinical trials are 

conducted in evaluating the efficacy of combinational 

therapy between KRAS inhibitors and PD-1 inhibitors 

for enhanced outcomes in patients with KRAS-mutant 
melanoma (72). 

 
Increased PD-L1 Expression and Resistance to 

Immunotherapy 

Mechanisms of Resistance to PD-1/PD-L1 
Inhibitors in KRAS-Mutant Tumors 

PD-L1 Expression in KRAS-Mutant Tumors: 
KRAS mutations are often related to upregulation of 

PD-L1 in tumor cells. Increased PD-L1 in tumor cells 

assists in evasion of tumor from immune system by 
blocking activation of CTLs and other immune cells. 

Binding of PD-L1 with the PD-1 receptor on T cells 
leads to T cell exhaustion and further blocks their 

antitumor activity (50). 
 

KRAS and PD-L1 Upregulation 

KRAS mutations activate multiple signaling pathways, 
including the MAPK/ERK and PI3K-AKT pathways, 

which directly induce PD-L1 expression in tumor cells. 
These pathways induce activation of PD-L1 through 

transcriptional regulators such as NF-κB, AP-1 and 

STAT3. Therefore, KRAS-driven tumors express 
higher levels of PD-L1, contributing to their ability to 

evade immune surveillance (54). 
 

TME and Immune Evasion  
The immunosuppressive TME in KRAS-mutant tumors 

is typically dominated by high levels of TGF-β, IL-6, 

and TNF-α, which promote the expression of PD-L1 
and induce immune tolerance. These cytokines and 

immune cells help create an environment where anti-
PD-1/anti-PD-L1 inhibitors are less effective (51, 67).  

 

Tumor Heterogeneity and Immune Evasion 
Tumor Heterogeneity 

Mutations of KRAS contribute to intratumoral 
heterogeneity that interferes with the success of 

immune checkpoint inhibitors. Different responses to 

therapy might arise in heterogeneous PD-L1 
expression tumors or mutations within other 

immune-related genes. In certain areas of the tumor, 
PD-L1 expression may be low with T cell activation in 

contrast to the upregulation of PD-L1, in other 
regions, where this leads to immune escape (73). 

 

Resistance Mechanisms 
Even in the presence of PD-1/PD-L1 inhibitors, KRAS-

mutant tumors can exhibit various resistance 
mechanisms that undermine the efficacy of these 

therapies. One significant mechanism is the 

modulation/activation of secondary immune 
checkpoints. As a reaction to PD-1/PD-L1 inhibition, 

tumors may increase the expression of other immune 
checkpoints (LAG-3/TIM-3). This upregulation can 

further inhibit T cell function and contribute to 
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immune evasion. Additionally, KRAS mutations can 

alter T cell infiltration patterns within the TME, 

affecting the assembly and activation of T cells. This 
alteration may lead to a reduced overall efficacy of 

checkpoint blockade therapies, as the presence of 
activated T cells is vital for orchestrating successful 

anti-tumor immune response (74, 75). 

 
Potential Role of Other Immune Evasion 

Mechanisms in KRAS-Driven Cancers 
Cytokine Dysregulation 

KRAS mutations alter cytokine production 

considerably to establish a highly immunosuppressive 
TME. One of the central cytokines involved in such an 

immunosuppressive environment is IL-6. IL-6 can 
enable immune evasion in KRAS-mutant cancers 

through chronic inflammation and STAT3 pathway 
activation, eventually facilitating the expansion of 

MDSCs and Tregs. Moreover, IL-6 also promotes the 

stimulation of NF-κB; the latter in turn initiates the 
expression of PD-L1 on tumor cells. KRAS mutations 

similarly stimulate the release of more IL-10 and 
TGF-β, whose immune-suppressive activities are as 

effective as IL-10 to promote Treg cells' 

differentiation, inhibit cytotoxic functions of T cells 
and boost immune tolerance in TME. Together, 

altered production of cytokines stimulates the 
microenvironment that tolerates tumor growth while 

the anticancer immune responses will not be efficient 
(76, 77). 

 

Tumor-Associated Macrophages (TAMs) 
TAMs play a vital role in KRAS-mutant cancers by 

supporting immune suppression and promoting 
tumor progression, often polarizing to the M2 

phenotype that supports tumor growth, 

angiogenesis, and immune tolerance. In KRAS-driven 
tumors, M2 macrophages produce cytokines that 

suppress immunity, such as IL-10 and TGF-β, which 
limit the activation of effector T cells and facilitate 

the recruitment of other cells like MDSCs and Tregs. 

This immunosuppressive environment not only aids 
tumor survival but also contributes to treatment 

resistance. This represents a promising therapeutic 
approach which targets TAMs to be repolarized from 

their M2 phenotype toward their M1 phenotype, 
more associated with increased anti-tumor immunity. 

Aiming for the shift of balance within the pro-

inflammatory state of TAMs, this could lead to 
improvements in the treatment outcomes in patients 

with KRAS-mutant cancers (78, 79). 
 

Exosome-Mediated Immune Suppression 

KRAS-mutant tumor cells also secrete exosomes, 
small vesicles carrying immunosuppressive proteins, 

miRNAs, and cytokines. Immune suppression can be 

an effect of the exosomes through alteration of 

neighbouring immune cells. Immune evasion was 
enhanced, immune tolerance supported, and 

cytotoxic cell activity was inhibited by transfer of PD-
L1, TGF-β, and miRNAs via exosomes (51, 80). 

 

Immune Checkpoints Beyond PD-L1/PD-1 
Apart from PD-1/PD-L1, other immune checkpoint 

molecules are upregulated in KRAS-mutant cancers, 
such as TIM-3, LAG-3, and CTLA-4, which contribute 

to T cell exhaustion and immune escape. 

Combination therapies directing towards PD-1/PD-L1 
along with other immune checkpoints may be needed 

to overcome resistance and achieve improved 
therapeutic outcomes in KRAS-driven cancers (81). 

 
Conclusion 

The exploration of the PD-1/PD-L1 immune 

checkpoint pathway and KRAS mutations significantly 
implicates a potential new advance in strategies for 

cancer treatment. Being a critical mechanism of 
immune evasion, PD-L1 expression plays a critical 

role in allowing the tumor to escape immune 

surveillance, thus facilitating the progression of 
tumor and poor clinical outcomes. Deciphering the 

cellular and molecular mechanisms behind PD-L1 
expression, influenced by transcriptional factors and 

TME, is crucial to developing effective 
immunotherapies. Additionally, the connection 

between KRAS mutations and increased PD-L1 

expression further complicates the relationship 
between genetic alterations and dynamics of immune 

response. This relationship not only complicates 
treatment responses but also presents opportunities 

for targeted therapeutic interventions that can 

enhance the efficacy of existing treatments. As 
research continues to reveal the intricacies of these 

pathways, there is a potential for significant 
advancements in precision medicine. The 

identification of specific biomarkers and their roles in 

tumor biology allow clinicians to tailor treatment 
approaches according to the patient's profile, leading 

to better outcomes. 
In summary, understanding the mechanisms that 

pose a challenge to PD-L1 and KRAS mutations will 
be essential for developing novel cancer therapies. 

Continued investigation in these areas will lead to 

new interventions to overcome resistance to current 
therapies and improve the overall efficacy of cancer 

treatment, ultimately enhancing survival and quality 
of life for patients. It is important that this field has 

ongoing research to transform the care given for 

cancer and to promote better health globally. 
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