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MHC-I Upregulation Safeguards Neoplastic T Cells  
in the Skin Against NK Cell-mediated Eradication  
in Mycosis Fungoides

Yun-Tsan Chang.

Mycosis fungoides (MF), a malignancy 
of skin-homing T cells, represents the 
most common form of cutaneous T-cell 
lymphoma (CTCL). Progressive impair-
ment of cell-mediated immunity is a 
hallmark of cancer, and in patients with 
CTCL, inadequate immune response 
has been reported. Tumorous T cells 
play a significant role in suppressing 
the patient's immune system, thereby 
blunting the response of other immune 
cells that would otherwise mount an 
anti-tumor defense. This impairment of 
cellular immunity may negatively affect 
all therapeutic approaches that rely on 
a functional immune system.
Therapeutic approaches harness-
ing immune responses are hallmarks 
of modern oncology. Monoclonal an-

tibodies (mAbs), specialized proteins 
designed to target tumor cell-surface 
antigens, have emerged as powerful 
agents capable of eliminating malig-
nant cells and inducing disease remis-
sion. In addition to inducing tumor-cell 
apoptosis, therapeutic mAbs initiate 
immune effector signaling cascades 
that rely on the complement system 
and natural killer (NK) cell-mediated 
antibody-dependent cellular cyto-
toxicity (ADCC) as anti-cancer modes 
of action. Cancer-associated immune 
dysfunction is a major challenge for 
effective therapies. The emergence of 
antibodies targeting tumor cell-sur-
face antigens led to remarkable ad-
vancements in the treatment of he-
matopoietic malignancies, particularly 
blood cancers. Yet their impact is con-
strained against tumors of hematopoi-
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Figure 1: A high expression of major histocompatibility complex (MHC)-I, potentiated by IL32β, on skin tumor T cells serves as a mechanism that blocks 

ADCC and renders tumor cell-surface antigen targeted therapy ineffective in MF. Blockade of the MHC-I-KIR interaction restores NK cell-mediated ADCC 

 activity against malignant T cells in MF skin lesions. Figure created with BioRender.com.
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etic origin manifesting in the skin. In 
CTCL, the therapeutic mAbs are highly 
effective in treating blood tumoral dis-
ease in patients with Sézary syndrome 
(leukemic CTCL) but have been shown 
to be less effective in treating skin le-
sions in patients with MF.
In this study, we perform single-cell se-
quencing of skin T cells from MF pa-
tients, mathematically reconstruct 
the natural identifiers of T cells - the 
T-cell receptors (TCRs) of individual T 
cells - and categorize them into clon-
al (tumoral) and non-clonal (non-tu-
moral) groups based on TCR similari-
ty. Based on the separation of tumoral 
and non-tumoral T cells, we employ 
a clonality-guided deep learning ap-
proach to dissect key pathological fea-
tures and tumor-related genes impli-
cated in mycosis fungoides (MF). We 
functionally characterized that a high 
expression of classical major histo-
compatibility complex class I (MHC-I) 
on malignant skin T cells as a mecha-
nism rendering targeted therapy inef-
fective in MF. Notably, in patientsʼ skin, 
we find upregulated classical MHC-I to 
detrimentally impact the functionality 
of NK cells, diminishing ADCC and pro-

moting resistance of tumor skin T-cells 
to cell-surface targeting therapies. Ex 
vivo, we confirm that the inhibition 
of the interaction between classical 
MHC-I on MF malignant T cells and in-
hibitory killer cell immunoglobulin-like 
receptors (KIRs) on NK cells effective-
ly reinstates ADCC activity in autolo-
gous NK cells against MF malignant T 
cells. Through murine experiments, 
we demonstrate that disruption of the 
MHC-I interaction with NK cell inhibito-
ry Ly49 receptors restores NK cell an-
ti-tumor activity and targeted T-cell 
lymphoma elimination in vivo. A note-
worthy observation is the malignant 
skin T cells display increased expres-
sion of IL32 and elevated levels of IL32 
binding sites, and the supplementation 
of IL32 leads to an increase in MHC-I ex-
pression. This underscores the signifi-
cance of IL32 – MHC-I axis in MF skin T 
cells, implying that IL32β functions as 
a crucial autocrine signal for survival 
and expansion of malignant T cells and 
a critical determinant in tumor T-cell 
immune evasion within the human skin 
environment (Figure 1).
Overall, our investigations unveil the 
prominence of the IL32 – MHC-I axis as 

a critical determinant in tumor T-cell 
immune evasion within the skin mi-
croenvironment and our study intro-
duces a novel strategy to block NK-cell 
inhibition and reinvigorate NK cell-me-
diated anti-tumor responses to over-
come treatment resistance to existing 
cell-surface targeted therapies for skin 
lymphoma.
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