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Proteomic identification of new diagnostic biomarkers of
early-stage cutaneous mycosis fungoides

Dear editor,

Mycosis fungoides (MF), the most common subtype of
cutaneous T cell lymphoma, is a rare disease [1, 2]. Patients
with early-stage MF have a 5-year overall survival between
88% and 100% [3]. In patients with advanced MF, the
skin may present with tumors and erythroderma, and the
median survival of patients with lymph node and visceral
metastasis is 13 months [4]. Therefore, it is important to
achieve an early diagnosis to improve prognosis [5].

To effectively distinguish the pathological features of
early- and advanced-stage MF, as well as explore poten-
tial biomarkers for the differential diagnosis of MF and
nontumor conditions (Supplementary Table S1-S3), the
data-independent acquisition (DIA) proteomic technique
was performed (Supplementary Figure S1), and 754 dif-
ferentially expressed proteins were identified (Supplemen-
tary Table S4) in MF patients compared with patients
with the benign inflammatory diseases (BID) and healthy
controls (Supplementary Materials and Methods). Four-
teen patients diagnosed with MF based on the World
Health Organization-European Organization for Research
and Treatment of Cancer (WHO-EORTC) classifications
in the Department of Dermatology at Peking Union Med-
ical Hospital from October 2018 to September 2019 were
enrolled, including 4 early-stage and 10 advanced-stage
MF patients. Patients who received systemic or exter-
nal treatment in the previous six months were excluded.
Patients included in the BID group were diagnosed with
psoriasis or eczema, based on clinical manifestations and
histopathological results, and those treated in the previ-
ous six months were excluded. The results of expression
profile and cluster analyses revealed eight protein clus-
ters that could characterize the distinct course of MF (Fig-
ure 1A-B). Clusters 1, 2, 3 and 4, represent proteins that
were specifically upregulated in early-stage MF, gradually
upregulated from early- to advanced-stage MF, both upreg-

ABBREVIATIONS: BM, Basement membrane; BID, benign
inflammatory diseases; DIA, data-independent acquisition; ECM,
extracellular matrix; MF, Mycosis fungoides; TCR, T cell receptor

ulated in the early- and advanced-stage MF, and specifi-
cally upregulated in advanced-stage MF, respectively, and
were mostly involved in bicarbonate transport, transcrip-
tion, translation, peptide and protein catabolic processes,
and translation and redox. The proteins enriched in clus-
ters 5, 6, 7, and 8, were downregulated in MF and were
mostly involved in the processes of metabolism, extracel-
lular matrix (ECM) remodeling and coagulation (including
ECM organization, hemidesmosome assembly, cell-matrix
adhesion, and coagulation-related processes), indicating
that the wound healing ability was impaired in patients
with advanced-stage MF. These findings led us to inves-
tigate the pathological features of tumor progression.

A protein-protein interaction network showed that
the most substantially changed functional proteins were
mainly in patients with advanced-stage MF and were
related to functions such as transcription, translation, cell
adhesion, innate immunity, and the T cell response (Sup-
plementary Figure S2). In addition, abnormal angiogenesis
is a common feature of tumors [6]. Our results identified
expression imbalances in angiogenesis-associated pro-
teins, indicating that they could act as therapeutic targets
for abnormal angiogenesis. Interestingly, a number of
virus-related proteins were upregulated in MF, suggesting
that viral microbial infection was also a driving factor
for tumor development. However, we found that more
components of the basement membrane (BM) were
downregulated in skin tissues during the development of
MF (Supplementary Figure S3A), indicating that tumor
cells may affect basal stem cell function by destroying the
BM. We found that basal stem cell markers KRT5 (Supple-
mentary Figure S3B, proteomics expriment), KRT14 (Sup-
plementary Figure S3C, S4, immunofluorescence staining
expriment), and associated transcription factor (P63,
Supplementary Figure S3C, immunofluorescence staining
expriment) were upregulated in early-stage MF. Further-
more, we found that focal adhesion signaling molecules
(FAK, ILK, AKT, $-catenin, PI3K, VAV, and RAC) related
to basal stem cell activity were activated during MF devel-
opment, which could result in increased cell proliferation
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(Figure 1C). Immunofluorescence staining showed that
CD4+ T cells proliferated vigorously in MF skin tissue,
especially in the dermal papilla of early-stage MF (Fig-
ure 1D). These results indicated that the epidermal devel-
opment was seriously altered in the skin tissues of patients
with MF.

Next, the proteome results showed that proteins
involved in the ethanol (ADHS5), lactate (LDHB and
LDHA), and glucose (HK1, PFKP, FBP1, PKM, PGM2,
GPI, ALDOC, GAPDH, PGKI1, and ENO1) signaling
pathways were gradually upregulated from early- to
advanced-stage MF (Figure 1C), suggesting possible
energy metabolism remodeling to confer a selective
advantage to tumor cells. In addition to metabolic repro-
gramming, immunosuppression is another hallmark of
cancer. The proteome results also showed that T cell
receptor signaling molecules (PAK2, GRB2, RAS, and
PLCG1) were activated, resulting in regulation of the actin
cytoskeleton, cell differentiation or immune response.
Furthermore, we found that proteins involved in NF-xB
signaling (IKKg, IKKy, NFxB1, RELA, and NFxB2), which
is also downstream of T cell receptor signaling were
activated during MF development, involved with several
biological processes including anti-microbial ability
(DEFAL, LCN2, S100A7, S1I00A8, and S100A9, Figure 1C,
Supplementary Figure S4), tissue remodeling (MMP1,
MMP3 and MMP9, Figure 1C), survival (CLASP1, CLASP2
and XIAP, Figure 1C), and inflammatory responses
(VCAMI1 and IL8, Figure 1C-D, Supplementary Figure
S3D) in the MF tissues. It has been reported that the

canonical NF-xB pathway contributes to cell death
resistance in MF cells [7]. Our results showed that the
transcription factor RELA of the canonical NF-xB pathway
was localized to the nucleus of epidermal cells and CD4+
T cells, indicating that the canonical NF-xB pathway of
both types of cells was activated in MF skin tissue of
patients with MF (Figure 1D).

Furthermore, eight upregulated proteins and four
downregulated proteins in the early-stage MF group
were identified compared with those in the healthy con-
trols and BID groups through proteomic analysis (Fig-
ure 1E-F). These 12 proteins could be considered poten-
tial biomarkers to distinguish early-stage MF and BID. The
four proteins with the greatest differences in expression
between early-stage MF and BID were selected for verifi-
cation; they include three upregulated proteins (DYNC1I2,
CD14, and COLI8A1l) and one downregulated protein
(CRABP2). Immunofluorescence staining of skin tissues
from 9 healthy people, 15 early-stage MF patients, and 11
BID (2 eczema and 9 psoriasis) patients, showed that these
four biomarkers effectively distinguished early-stage MF
and BID (Figure 1G and Supplementary Figure S5, S6),
indicating that they are useful diagnostic markers of MF.

In conclusion, the pathological features of early- and
advanced-stage MF were analyzed through proteomics
techniques, which provided clues for the pathogenesis of
MF as well as identified markers that could distinguish
early-stage MF and BID. These diagnostic biomarkers of
early-stage MF could help prevent delayed therapy due to
misdiagnosis.

FIGURE 1

Proteomic identification of diagnostic biomarkers of early-stage cutaneous MF. (A) Eight clusters reveal the specific

expression patterns of proteome profiles in healthy controls, early- and advanced-stage MF samples based on the one-way ANOVA statistical
analysis. Healthy controls (n = 11), early-stage MF (n = 4), and advanced-stage MF (n = 10), Benjamini-Hochberg adjusted P < 0.05. The right
panel represents the co-expression patterns of the proteins in the eight clusters: 1. Early-stage MF up proteins, 2. Early-, and advanced-stage
MF continuous up proteins, 3. Early-, and advanced-stage MF up proteins, 4. Advanced-stage MF up proteins, 5. Early-stage MF down

proteins, 6. Early-, and advanced-stage MF continuous down proteins, 7. Early-, and advanced-stage MF down proteins, and 8.

Advanced-stage MF down proteins. The “up” and “down” represent the upregulated and downregulated proteins in the early-, and

advanced-stage MF tissues, compared to the healthy controls, respectively. The darkness of the columns indicates the normalized intensities
of proteins in the eight clusters. (B) Biological process analyses of the proteins enriched in the eight clusters. The different color columns on
the left of the heatmap represent different functional categories of the biological processes. The depth of the color bar below each cluster

represents -log,, (p-value) of enrichment. (C) Overview of biological signaling pathways in the healthy controls, early-, and advanced-stage

MF samples. The red and blue boxes represent the protein expression according to log2 Protein intensity. NA means the protein wasn’t
identified in the specific stage. (D) Immunofluorescence of CD4, PCNA, RELA, IL8, KRT14, and SI00A9 in skin tissues from MF patients and
healthy controls (scale bar: 50 um). The white arrows point to the position of the dermal papilla. (E) Principal component analysis of the
proteome profile of healthy controls, BID, early-, and advanced-stage MF patients. (F) Heatmap analysis of the differentially expressed
proteins in skin tissues from healthy controls, BID, and early-stage MF patients. Healthy controls (n = 11), BID (n = 6), and early-stage MF (n

= 4), Benjamini-Hochberg adjusted p < 0.05. The proteins in the red and blue columns represent the upregulated and downregulated proteins

in the early-stage MF patients compared to the BID patients and healthy controls, respectively. (G) Immunofluorescence of CD14, COL18Al,

DYNCII2, and CRABP2 in skin tissues from early-stage MF patients, BID (psoriasis) patients, and healthy controls (scale bar: 50 um).
Abbreviations: BID: benign inflammatory diseases; CD4, T-cell surface glycoprotein CD4; CD14, Monocyte differentiation antigen CD14;
COLI18ALl, Collagen alpha-1(XVIII) chain; CRABP2, Cellular retinoic acid-binding protein 2; DYNCI1I2, Cytoplasmic dynein 1 intermediate
chain 2; ECM: Extracellular matrix; IL8, Interleukin-8; KRT14, Keratin, type I cytoskeletal 14; NA: Not available; PCNA, Proliferating cell
nuclear antigen; RELA, Transcription factor p65; SI00A9, Protein S100-A9.
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