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Abstract

Background
The phase I trial of the humanized anti-CD26 monoclonal antibody YS110 for CD26-expressing tumors
was conducted recently. The present study identi�es a potential prognostic biomarker for CD26-targeted
therapy based on the phase I data.

Methods
Box and Whisker plot analysis, Scatter plot analysis, Peason product moment correlation/Spearman’s
rank-difference correlation, Bar graph analysis, and Receiver Operating Characteristics (ROC) were used to
examine the correlation between sCD26 titer variation with YS110 administration and tumor volume
change, RECIST criteria evaluation and progression free survival (PFS). Mechanism for serum sCD26 titer
variation was con�rmed by in vitro experimentation.

Results
Serum sCD26/DPP4 titer was reduced following YS110 administration and gradually recovered until the
next infusion. Serum sCD26/DPP4 titer before the next infusion was sustained at lower levels in Stable
Disease (SD) cases compared to Progressive Disease cases. ROC analysis de�ned the cut-off level of
serum sCD26/DPP4 titer variation at day 29 pre/post for the clinical outcome of SD as tumor response or
PFS. In vitro experimentation con�rmed that YS110 addition reduced the sCD26 production from CD26-
expressing tumor and non-tumor cells.

Conclusions
Our study indicates that serum sCD26/DPP4 titer variation in the early phase of YS110 treatment is a
predictive biomarker for evaluating therapeutic e�cacy.

Background
CD26 is a 110-kDa, type II transmembrane glycoprotein with dipeptidyl peptidase 4 (DPP4) activity in its
extracellular domain, capable of cleaving N-terminal dipeptides with L-proline or L-alanine at the
penultimate position [1, 2]. CD26 has multiple biological functions and is expressed on various normal
cell types and tumors. CD26 is also found as a soluble form with conserved DPP4 activity in the serum
and other body �uids. In vitro and in vivo administration of anti-CD26 mAb inhibits tumor growth,
migration and invasion, leading to enhanced survival of mouse xenograft models inoculated with various
cancers including renal cell carcinoma (RCC) and malignant mesothelioma (MM) via multiple
mechanisms of action [3–7].
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The �rst-in-human (FIH) phase I clinical study of YS110 for CD26-expressing solid tumors (23 MM, 9 RCC
and 1 urothelial carcinoma (UTC)) was recently conducted [8], demonstrating that YS110 therapy
exhibited a favorable safety pro�le and resulted in encouraging disease control in patients with
advanced/refractory tumors.

Biomarkers in cancer management may be used for the prevention, diagnosis, and selection of
therapeutic method, as well as for treatment monitoring potentially. Such markers as EGFR or ALK fusion
gene (lung cancer), HER2 (breast or gastric cancer), or RAS (colon cancer) are used to select optimal
therapy by identifying selected genetic alteration. However, no serum biomarker indicating a predictive
outcome during a course of cancer treatment has been heretofore identi�ed.

Serum level of soluble CD26 (sCD26) has been previously evaluated as a potential biomarker. A
correlation between baseline serum sCD26 titer and clinical effectiveness of therapy has been described
for patients with urothelial, gastric, pancreatic, thyroid, or lung cancer [9–14]. Serum sCD26 titer variation
after colon cancer surgery was also reported to be a predictive biomarker for risk of recurrence or
metastasis [15–17]. In addition, treatment with the DPP4 inhibitor sitagliptin after surgery for colorectal
or lung cancer in patients with diabetes was associated with greater overall survival than treatment with
other diabetic medications [18], suggesting that sCD26/DPP4 may have a role in regulating anti-tumor
activity. However, there has been no report of serum sCD26 titer variation during a course of therapy being
a prognostic marker of treatment outcome.

In the phase I FIH clinical trial with the humanized antibody YS110 for patients with CD26-expressing
tumors, a transient decrease followed by subsequent recovery of serum sCD26/DPP4 titer level was
observed during the 4 weeks period of the �rst cycle of YS110 administration. In the present study, the
correlation between variation in sCD26/DPP4 titer and e�cacy metrics as determined by response by
RECIST criteria or progression free survival (PFS) was analyzed in a total of 26 evaluable cases or in
strati�ed groups, to identify a potential prognostic biomarker for YS110 therapy.

Materials And Methods

Human subjects
In the FIH phase I clinical trial, 33 patients (23 MM, 9 RCC and 1 UTC) who received YS110 were included
in the safety analysis, and 26 out of 33 patients (19 MM, 6 RCC and 1 UTC) were evaluable for treatment
e�cacy, as described previously [8]. To determine the maximum tolerated dose, patients initially received
a total of three YS110 infusions on days 1, 15 and 29 (once every 2 weeks, Q2W) at 0.1, 0.4, 1 and
2 mg/kg. On the basis of preliminary pharmacokinetics data, the protocol was then subsequently
amended to allow patients to receive a total of �ve YS110 infusions on days 1, 8, 15, 22 and 29 (once
every week, Q1W) at 2, 4 and 6 mg/kg. Among 33 patients, 26 patients (18 and 8 cases in Q2W and Q1W
cohorts, respectively) were evaluable for YS110-mediated anti-tumor activity by RECIST criteria or PFS
monitoring. The tumor volume variation from baseline was evaluated by a modi�ed RECIST criteria for
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MM, or by RECIST 1.0 criteria for RCC or UTC on day 43 ± 4.2, two weeks following the completion of the
�rst cycle of YS110 administration on day 29 [8]. The serum sCD26/DPP4 titer was measured
immediately prior to and following YS110 administration on days 1, 15 and 29.

Statistical analyses
Box and Whisker plot analysis was employed to observe variation of serum sCD26/DPP4 titer pre/post
YS110 infusion on day 1, 15 and 29. Scatter plot analysis strati�ed for Stable Disease (SD) and
Progressive Disease (PD) cases was employed to observe a relation between variation of serum sCD26
titer pre/post YS110 administration on day 1, 15 and 29 and tumor volume variation from baseline on
day 43. These two observational analyses then led to the usage of PPMC or SRDC analysis for the
statistical examination of potential correlation between serum sCD26 titer variation from baseline
pre/post YS110 administration on days 1, 15 and 29 and tumor volume variation by RECIST criteria on
day 43, and PFS. Based on Pearson product moment correlation/Spearman’s rank-difference correlation
(PPMC/SRDC) analyses, Bar graph analysis of the variation of serum sCD26/DPP4 titer as strati�ed by
SD and PD cases on day 1pre (baseline, 100%), 15pre and 29pre of YS110 administration was performed
to examine for correlation between serum sCD26/DPP4 variation and the incidence of SD or PD cases by
RECIST criteria on day 43 with Wilcoxon’s rank sum test. Based on results from PPMC/SRDC and Bar
graph analyses, ROC analysis was employed to examine the Index (cut-off titer) of serum sCD26 titer
variation from baseline for the Outcome of SD by RECIST criteria, PFS ≥ 90, or ≥ 180 days, with Fisher’s
exact test. The difference in background factors between SD and PD cases was examined by Fisher’s
exact test or Wilcoxon rank sum test prior to ROC analysis.

Cell lines and cultures
Human MM cell lines MSTO-211H (MSTO parent) and NCI-H226 were obtained from

the American Type Culture Collection (ATCC, Rockville, MD). MSTO parent cells were stably transfected
with a full-length human CD26 (MSTO-CD26) [6]. Human MM cell line JMN cells were transduced with the
short hairpin RNA (shRNA)-expressing lentivirus, generating the stable cell lines JMN CD26-shRNA and
JMN ctrl-shRNA [19]. For non-tumor human cells, immortalized pleural mesothelial cell line MeT-5A,
mammary epithelial cell line MCF10A, fetal lung �broblast cell line TIG-1, human umbilical vein
endothelial cells (HUVEC), and human dermal microvascular endothelial cells (HDMVEC) were used. MeT-
5A and MCF10A were obtained from ATCC. TIG-1 was obtained from JCRB Cell Bank (Osaka, Japan).
HUVEC, HDMVEC and the culture medium for MCF10A, HUVEC, HDMVEC (MEGM, EGM-2, EGM-2MV,
respectively) were purchased from LONZA (Walkersville, MD). MSTO parent, MSTO-CD26, JMN ctrl-
shRNA, JMN CD26-shRNA, H226 and MeT-5A were grown in RPMI 1640 medium supplemented with 10%
FBS. TIG-1 was grown in DMEM medium supplemented with 10% FBS. All the cells were cultured at 37°C
in a humidi�ed 5% CO2 incubator.

Abs and reagents
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Humanized anti-CD26 mAb YS110 was provided by Y’s AC Co., Ltd. (Tokyo, Japan) [5]. Human IgG1

isotype control mAb (clone QA16A12) purchased from BioLegend (San Diego, CA) was used as a control.

Preparation of culture supernatant
Cells were cultured in 500 µl of culture medium in 24-well plates (Corning) in the presence or absence of
control human IgG or YS110 for 3 days at 37°C. For the time-course analysis, MSTO-CD26 (1.5 × 105, 4 × 
104, or 4 × 103) were cultured in 500 µl of RPMI 1640 medium in 24-well plates in the presence or absence
of YS110 (1, 3, 10 µg/ml) at 37°C for 1, 3, or 7 days, respectively. After incubation, supernatants were
collected from con�uent cultures

Quanti�cation of soluble CD26 and DPP4 enzyme activity
Assays for soluble CD26 and DPP4 activity were developed in our laboratory utilizing mouse anti-human
CD26 mAbs (clone 5F8 and 9C11) which exhibit no cross-reactivity with the therapeutic humanized anti-
CD26 mAb YS110. The methods were detailed previously [20]. Data were analyzed by one-way ANOVA
test with Tukey’s for multiple comparison testing. Signi�cance was analyzed using GraphPad Prism 6
(GraphPad Software, San Diego, CA) and values of p < 0.01 were considered signi�cant and are indicated
in the corresponding �gures and �gure legends.

Results
Changes in levels of serum sCD26/DPP4 titer pre/post YS110 administration, as documented by Box and
Whisker plot

Several crucial parameters were included in this phase I trial such as 1) tumor histology: 19 MM, 6 RCC
and 1 UTC; 2) YS110 dose: 0.1-6 mg/kg; 3) frequency of drug administration: once every 2 weeks (Q2W)
for three doses in 18 cases, once every week (Q1W) for �ve doses in 8 cases. In addition, examination of
background factors between SD and PD cases indicated that no bias was found in age, BMI, absolute
value of tumor volume or serum sCD26/DPP4 titer before YS110 administration, except for gender (data
not shown). In contrast to male patients (4 SD and 7 PD in MM, and 2 SD and 3 PD in RCC), YS110
appeared to be more effective in female patients (6 SD and 2 PD in MM, 1 SD in RCC, and 1PD in UTC),
as shown in Additional �le 1 (Tables S1) and �le 2 (Table S2). Since the number of cases in each
antibody dose cohort was not su�cient for statistical analysis, in the present study, a total of 26 cases
were further categorized by 1) tumor histology and 2) frequency of drug administration, to examine
whether serum sCD26 titer variation can be a prognostic biomarker for YS110 treatment. Detailed
information and the pertinent demographics of the 26 cases forming the basis for analyses are shown in
Additional �le 1 (Tables S1).

We �rst examined the serum sCD26 titer variation during a course of YS110 treatment in each group by
Box and Whisker plot analysis. Serum sCD26 titer was consistently reduced immediately following YS110
administration on day 1, 15, 29, and gradually recovered until the next YS110 infusion, although it never
returned to its former pre-dosing level (Fig. 1a). This pattern was similarly observed in the 18 cases
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treated on the Q2W drug administration schedule (Fig. 1b). In contrast, a clear difference was observed in
8 cases treated on the Q1W schedule. As shown in Additional �le 1 (Tables S1), relatively high antibody
dose (2–6 mg/kg) was administered in the Q1W cases as compared with the Q2W cases (0.1-2 mg/kg).
These differences in the antibody dose and administration frequency strongly affected the serum sCD26
titer on day 15pre and day 29pre (Fig. 1d). Recovery of serum sCD26 titer following YS110 administration
was not clearly observed with the more frequent drug administration of the Q1W cases. 14 male cases
and 4 female cases received Q2W administration, while 2 male cases and 6 female cases received Q1W
administration (Additional �le 2 (Table S2)). The distribution bias between the male cases with Q2W and
Q1W and the female cases with Q2W and Q1W was signi�cant (p = 0.026 by Fisher’s exact test). In
addition, the number of cases in Q1W (8 cases) was not su�cient for additional statistical analysis.
Therefore, we mainly focused on the Q2W cases and the male cases for additional analyses. The initial
fall and subsequent recovery of serum sCD26 titer were similarly observed in both the 19 MM cases and
6 RCC cases (Fig. 1e and h), including when the groups were further strati�ed into such cohorts as the 14
male cases with Q2W administration, 12 MM cases with Q2W administration, and 9 male MM cases with
Q2W administration (Fig. 1c, f and g). As shown in Additional �le 3 (Figure S1), the absolute value or titer
variation of serum sCD26 titer was strongly correlated with level of serum DPP4 enzyme activity (r = 
0.908, p < 0.001 or r = 0.974, p < 0.001, respectively).

Differences in serum sCD26/DPP4 titer variation on day 29pre and tumor volume variation on day 43 for
SD and PD cohorts by Scatter plot analysis

We next investigated a potential relationship between pre/post serum sCD26 titer variation on days 1, 15
and 29, and tumor volume variation on day 43 by Scatter plot analysis after the start of YS110
administration, with the total of 25 cases strati�ed by SD and PD cohorts. The tumor volume variation of
the SD group would be expected to naturally be lower than that of the PD group. Serum sCD26 titers were
markedly decreased in both SD and PD cohorts immediately post YS110 infusion on days 1, 15 and 29
(Fig. 2a, c and e). On the other hand, a noticeable difference between the SD and PD groups in the serum
sCD26 titer variation was observed on day 29pre. The serum sCD26 titer variation on day 29pre of the SD
cohort was at a lower level compared with the PD group (Fig. 2d). Moreover, this phenomenon was clearly
observed in each strati�ed group such as the 17 cases with Q2W administration, 14 male cases with Q2W
administration, 18 MM cases, 11 MM cases with Q2W administration, 9 male MM cases with Q2W
administration, or 6 RCC cases (Fig. 2f-k, respectively). These Scatter plot analyses indicate that the
serum sCD26 titer variation of the SD cohort was lower than that of the PD cases when measured prior to
YS110 administration, and the difference was particularly evident on day 29pre with the Q2W
administration.

Correlation of pre/post serum sCD26/DPP4 titer variation on day 29 with tumor volume variation and/or
PFS by PPMC/SRDC analyses

PPMC and SRDC analyses were conducted to examine the correlation between pre/post serum sCD26
titer variation on days 1, 15 and 29, and the tumor volume variation as determined by RECIST criteria at
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day 43 after YS110 administration or PFS. In the FIH phase I clinical trial, 13 cases were assessed as SD
and 13 cases were assessed as PD by RECIST, and among the 13 SD cases, YS110 was particularly
effective in 7 cases with PFS being longer than 180 days (Additional �le 1 (Tables S1)). In a total of 25
cases, statistically signi�cant correlation between day 29pre serum sCD26 titer variation and tumor
volume variation on day 43 was observed (p = 0.006 or p = 0.009 by PPMC/SRDC, respectively (Table 1)).
There was also statistically signi�cant correlation between serum sCD26 titer variation and PFS (p = 
0.011 by PPMC on day 29post for a total 26 cases (Table 1)). In addition, there was statistically
signi�cant correlation between variation in the serum titer of DPP4 enzymatic activity and tumor volume
or PFS, similar to the case with serum sCD26 titer (Table 1). Statistically signi�cant correlation was
similarly observed in variation between day 29pre serum sCD26/DPP4 titer and tumor volume, and
between pre and/or post day 29 serum sCD26/DPP4 titer and PFS in 18 cases with Q2W administration
frequency and 14 male cases with Q2W administration frequency (Additional �le 4 (Table S3) and �le 5
(Table S4)). In 19 MM cases, statistically signi�cant correlation between variation in pre/post day 29
serum DPP4 titer and tumor volume was observed by SRDC analysis, while the correlation between day
29pre serum sCD26 titer and tumor volume almost reached statistical signi�cance (p = 0.065) by PPMC
analysis. There was statistically signi�cant correlation between day 29post serum sCD26 titer and PFS
by PPMC analysis, while the correlation between day 29post serum DPP4 titer and PFS almost reached
statistical signi�cance (p = 0.056 by PPMC or p = 0.069 by SRDC analysis) (Additional �le 6 (Table S5)). In
12 MM cases with Q2W administration frequency, no statistically signi�cant correlation between
variation of serum sCD26/DPP4 titer and tumor volume was observed. The correlation between day
29post serum sCD26/DPP4 titer and PFS did reach statistical signi�cance (Additional �le 7 (Table S6)).
In the 9 male MM cases treated with Q2W administration, no signi�cant difference was observed in
variation between serum sCD26/DPP4 titer and tumor volume, although there was a trend for a
correlation between pre/post day 29 serum sCD26/DPP4 titer and PFS (Additional �le 8 (Table S7)). In
the 6 RCC cases and 8 cases treated with Q2W and Q1W administration respectively, the number of cases
were not enough for PPMC/SRDC statistical analysis. These results indicate that there was a correlation
in variation between pre/post day 29 serum sCD26/DPP4 titer (before/after the third YS110
administration) and tumor volume or PFS. Importantly, statistical signi�cance was reached although
there was limited number of cases with each strati�ed cohort, particularly in the 18 cases and 14 male
cases treated with Q2W administration.

Day29pre serum sCD26/DPP4 titer of SD cohort was signi�cantly lower than that of PD cohort by Bar
graph analysis

Based on scatter plot and PPMC/SRDC examination, Bar graph analysis was conducted of day 1pre,
15pre and 29pre serum sCD26 titer variation in SD and PD cases. Of the total 23 cases (12 SD and 11
PD), serum sCD26 titers of both SD and PD cohorts were reduced from day 1pre to day 29pre samples. Of
note, the day 29pre serum sCD26 titer variation of SD cases was signi�cantly lower than that of PD cases
(p = 0.016) (Fig. 3a). Similar results were observed for each strati�ed group such as the 17 cases treated
with Q2W administration (p = 0.007), 17 MM cases (p = 0.068), 11 MM cases treated with Q2W
administration (p = 0.068), 9 male MM cases treated with Q2W administration (p = 0.020), or 6 RCC cases
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(p = 0.049) (Fig. 3b and e-h). Statistically signi�cant difference between the SD and PD cohorts with the
smallest p-value was observed in the 14 male cases treated with Q2W administration (p = 0.003) (Fig. 3c).
In the 8 cases treated with Q1W administration, the serum sCD26 titer variation of SD cases was lower
than that of PD cases, trending toward statistical signi�cance (p = 0.053) on day15pre prior to the third
YS110 administration, which represented the same timing for sample collection to evaluate day 29pre
serum sCD26 titer in the Q2W treatment schedule (Fig. 3d).

Predictive power of serum sCD26/DPP4 titer variation on outcomes of SD or PFS by ROC analysis in the
strati�ed groups

ROC analysis was employed to determine the cut-off titer (the Index) of serum sCD26/DPP4 titer variation
on day 29pre/post YS110 administration for the Outcomes of SD and PFS ≥ 90 or ≥ 180 days. The
probability was evaluated by Fisher’s exact test (Table 2). A total of 23 cases was examined to determine
the Index (46.4% or 18.2%) for the Outcomes SD, PFS ≥ 90 or ≥ 180 days, with statistically signi�cant
results (p = 0.003 for SD, and 0.005 or 0.003 for PFS, respectively, and with Area Under the Curve (AUC)
0.795, 0.697 or 0.759, respectively) (Table 2; Column Total). On Column Q2W (17 or 18 cases), Q2W,
males (14 cases), MM (17 or 18 cases), MM, Q2W (11 or 12 cases), and MM, Q2W, males (9 cases), the
Indexes of each column for the Outcomes were determined to have statistical signi�cance or tendency
toward signi�cance. Particularly on Column Q2W, males (14 cases), the Index 37.7% on day29pre YS110
administration for the Outcome SD was statistically signi�cant (p < 0.001 with AUC 1.000). Also, the Index
37.7% for the Outcome PFS ≥ 90 or ≥ 180 days was statistically signi�cant (p < 0.001 or p = 0.027, and
with AUC 0.950 or 0.879, respectively). Taken together, our analyses of serum sCD26/DPP4 titer variation
during a course of YS110 treatment demonstrate that serum sCD26/DPP4 titer variation, particularly at
the time point immediately prior to/following the third YS110 infusion on Day29 in the Q2W
administration schedule, was a potential prognostic biomarker for YS110 anti-tumor therapy.

Addition of humanized anti-CD26 mAb reduced sCD26 levels in culture supernatants of CD26-expressing
MM cell lines and non-tumor cells

Since sCD26 serum levels were markedly decreased in patients with CD26-expressing tumors following
YS110 treatment in the phase I study (Fig. 1), we investigated the in vitro effect of YS110 on sCD26
production from MM cell lines. For this purpose, we selected various human CD26-positive or negative
MM cell lines. MSTO parent was an endogenous human CD26-de�cit cell line, while MSTO-CD26 stably
expressed a full-length human CD26 [6]. Stable shRNA knockdown of CD26 in JMN, an endogenous
human CD26-positive cell line, markedly reduced CD26 expression as compared with JMN ctrl-shRNA
cells [19]. Cell surface expression of CD26 on MM cell lines was shown in Additional �le 9 (Figure S2a).
We �rst measured the amount of sCD26 contained in the culture supernatants from a 3-day culture of
CD26-positive or negative cells. sCD26 could be quanti�ed in the culture supernatants of CD26-positive
MSTO-CD26, JMN ctrl-shRNA and H226 cells, whereas sCD26 could not be detected in the culture
supernatants of CD26-negative MSTO parent and JMN CD26-shRNA cells, regardless of YS110 treatment
(Fig. 4a). Treatment with YS110 clearly reduced the amount of sCD26 in the culture supernatants of
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MSTO-CD26, JMN ctrl-shRNA and H226 cells, as compared with those cells incubated with vehicle or
control human IgG (Fig. 4a). We next examined the production of sCD26 from non-tumor (normal) cells.
CD26 was clearly expressed on the cell surface of HDMVEC and TIG-1, while CD26 was hardly expressed
on HUVEC and MCF10A, and partially expressed on MeT-5A (Additional �le 9 (Figure S2b)). sCD26 could
be quanti�ed in the culture supernatants of CD26-positive TIG-1 and HDMVEC cells, whereas sCD26
could not be detected in the culture supernatants of CD26-negative or low MCF10A, HUVEC and MeT-5A
cells (Fig. 4b). Similar with the results shown in Fig. 4A, YS110 treatment clearly reduced the amount of
sCD26 in the culture supernatants of TIG-1 and HDMVEC cells, as compared with those cells incubated
with vehicle or control human IgG (Fig. 4b). Treatment with YS110 resulted in decreased production of
sCD26 from both MSTO-CD26 and TIG-1 cells in a dose-dependent manner (Fig. 4c). Subsequent time
course analysis showed that sCD26 level in the supernatant of a 3-day culture of MSTO-CD26 cells was
slightly enhanced compared to 1-day culture of MSTO-CD26 cells, and increased sCD26 level was
observed in the supernatant of a 7-day culture of MSTO-CD26 cells (Fig. 4d). Reduction of sCD26 level
following YS110 treatment was consistently observed at any culture period. Taken together, these data
indicate that sCD26 was produced from both CD26-positive tumor cells and non-tumor cells, and the
addition of YS110 reduced sCD26 production from those cells in an antibody dose-dependent manner. It
is our hypothesis that these in vitro effects are re�ected in the marked reduction of sCD26 level in the
serum of patients with CD26-expressing tumors following YS110 administration.

Discussion
In the present study, scatter plot analysis of the relationship between serum sCD26/DPP4 titer variation
and tumor volume variation by RECIST response criteria suggested that a predictable time period during
the course of YS110 treatment can be used to distinguish between SD and PD cases. This predictable
time period was found to be day 29pre/post the third dose of YS110 administration in the Q2W treatment
schedule, with results being statistically signi�cant by PPMC/SRDC and Bar graph analyses. The ROC
analysis de�ned the cut-off titer of serum sCD26/DPP4 titer variation at day 29pre/post as the Index for
the outcome of cases with SD or with PFS longer than 90 or 180 days, resulting in a signi�cantly feasible
prediction under the Index obtained. In particular, ROC analysis of the 14 male cases treated with the Q2W
schedule de�ned the cut-off titer with p < 0.001 (Table 2). Similar results were obtained in the 9 male MM
cases treated with the Q2W administration schedule (Table 2). The results were statistically signi�cant
despite the small number of cases in the strati�ed groups, strongly suggesting that the serum
sCD26/DPP4 titer variation was a de�nitive prognostic biomarker for cancer patients treated with YS110.
In cases treated with the Q1W schedule, the number of cases were not su�cient for analysis, in contrast
to the situation with the Q2W schedule. However, the serum sCD26 titer variation on Day15pre and not on
Day29pre could be used to discriminate SD from PD cases with a trend toward statistical signi�cance (p 
= 0.053) as shown in Fig. 3D. These data would suggest that the increase in drug administration
frequency and dosage (Q1W at YS110 dose level 2, 4, 6 mg/kg) could have an effect on the optimal
timing of serum sCD26 titer measurement, which can be altered depending on administration frequency
and/or dosage of YS110.
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Our robust in vitro and in vivo data indicated that YS110 induced cell lysis of MM cells via antibody-
dependent cell-mediated cytotoxicity (ADCC) in addition to its direct anti-tumor effect through the
induction of cell cycle arrest at S/G1 phase [5, 21]. Another important mechanism of action of YS110 was
the nuclear translocation of CD26 molecules by internalization of the CD26-YS110 complexes from the
cell surface to inhibit proliferation of MM cells via suppression of POLR2A gene expression, a component
of RNA polymerase II. However, in the case of CD26-expressing non-neoplastic cells such as human
embryonic kidney HEK293 cells or normal T lymphocytes, the CD26-YS110 complex was not translocated
into the nucleus [22, 23]. Moreover, internalization of the CD26-antibody complexes was dependent on the
epitope of CD26 recognized by speci�c mAb. Internalization of CD26 was not observed from the cell
surface of MM cells treated with the murine anti-human CD26 mAb 5F8, which recognized a different
epitope of CD26 from that recognized by YS110 and did not exert anti-tumor activity [22, 24].

YS110 recognizes the 248-358th aa region of CD26 [24, 25], and does not directly affect DPPIV enzyme
activity [26]. In contrast, residues 201 to 211, 730 and 740 of CD26 along with the serine catalytic site at
residue 630, which constitute a pocket structure of CD26/DPP4, are essential for DPP4 enzyme activity
[27]. Our present data showed that YS110 treatment reduced the production of sCD26 from both CD26-
expressing MM cell lines and non-tumor cells (Fig. 4). Although the soluble form of CD26 begins at the
39th aa residue and lacks the cytoplasmic and transmembrane regions [28], the precise mechanisms
involved in sCD26 production and release from the cell surface are not yet fully elucidated. It is possible
that decreased sCD26 production following YS110 treatment was due to antibody-mediated
internalization of cell surface CD26 molecules [22]. In the phase I clinical trial involving YS110, the serum
level of sCD26 immediately following YS110 administration on day 1 (day 1post) was markedly
decreased as compared with the level prior to YS110 administration (day 1pre) (Fig. 1). Fc receptor-
mediated phagocytosis of sCD26-YS110 complexes by phagocytes may possibly be involved in this rapid
reduction of serum sCD26 following YS110 administration. In the present study, we demonstrated that
sustained low levels of serum sCD26/DPP4 titer following YS110 administration was commonly
observed in SD cases compared with those in PD cases, while there was no signi�cant difference in the
serum sCD26/DPP4 levels immediately after YS110 administration (days 1post, 15post and 29post)
between SD and PD cases (Figs. 1 and 2). Future research is required to identify the factors involved in
the retention or restoration of serum sCD26/DPP4 levels after YS110 administration.

In addition to the mechanism of action responsible for the anti-tumor activity of YS110 as described
above, recent works demonstrated the functional role of DPP4-mediated post-translational modi�cation
of chemokines in regulating tumor immunity through its interaction with its substrates. The chemokines
mainly produced at the tumor microenvironment (TME) are different, depending on tumor histology. In
vivo tumor-transplant models showed that the DPP4 inhibitor sitagliptin reduced tumor growth through
the preservation of bioactive CXCL10 in the TME of melanoma and colon carcinoma. In the normal
physiological state, CXCL10 is rapidly degraded by DPP4, resulting in decreased recruitment and
migration of CXCR3+ T cells and NK cells into the TME. In contrast, DPP4 inhibition enhanced tumor
rejection by preserving the full-length biologically active form of CXCL10, leading to increased tra�cking
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of CXCR3+ cells into the TME [29, 30]. Similar with CXCL10, administration of sitagliptin resulted in higher
concentrations of bioactive CCL11 in the TME of hepatocellular carcinoma and breast cancer, leading to
increased migration of eosinophils into solid tumors. In these models, expression of IL-33 in tumors was
a key inducer of CCL11 production and eosinophil-mediated anti-tumor responses [31]. In view of these
�ndings, our data showing that serum DPP4 activity was decreased following YS110 treatment would
suggest enhancement of tumor immunity via DPP4 inhibition may constitute yet another mechanism of
action of YS110.

Conclusions
This is the �rst �nding that the serum sCD26/DPP4 titer variation in the early phase of treatment with the
humanized anti-CD26 antibody YS110 may be a predictive biomarker for anti-tumor activity for patients
with CD26+ cancers including MM.

Abbreviations
AUC, area under the curve, DPP4, dipeptidyl peptidase 4; FIH, �rst-in-human; HDMVEC, human dermal
microvascular endothelial cells; HUVEC, human umbilical vein endothelial cells; mAb, monoclonal
antibody; MM, malignant mesothelioma; PD, progressive disease; PFS, progression free survival; PPMC,
Pearson product moment correlation; Q1W, once every week; Q2W, once every 2 weeks; RCC, renal cell
carcinoma; ROC, receiver operating characteristics; sCD26, soluble CD26; SD, stable disease; shRNA, short
hairpin RNA; SRDC, Spearman’s rank-difference correlation; TME, tumor microenvironment; UTC, urothelial
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Supplementary Information
Additional �le 1: Table S1. Demographic chart of 26 evaluable cases on administration frequency and
dosage, gender, PFS, age, BMI, RECIST evaluation, tumor volume change and serum sCD26/DPP4 titer
change.

Additional �le 2: Table S2. Detailed information about 26 evaluable cases.

Additional �le 3: Figure S1. Correlation between serum soluble CD26 level and DPP4 enzyme activity.
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Additional �le 4: Table S3. Correlation between serum sCD26/DPP4 titer variation (%) and tumor volume
change (%) or PFS (days) in 18 cases with Q2W administration by PPMC or SRDC analysis

Additional �le 5: Table S4. Correlation between serum sCD26/DPP4 titer variation (%) and tumor volume
change (%) or PFS (days) in 14 male cases with Q2W administration by PPMC or SRDC analysis

Additional �le 6: Table S5. Correlation between serum sCD26/DPP4 titer variation (%) and tumor volume
change (%) or PFS (days) in 19 MM cases by PPMC or SRDC analysis.

Additional �le 7: Table S6. Correlation between serum sCD26/DPP4 titer variation (%) and tumor volume
change (%) or PFS (days) in 12 MM cases with Q2W administration by PPMC or SRDC analysis.

Additional �le 8: Table S7. Correlation between serum sCD26/DPP4 titer variation (%) and tumor volume
change (%) or PFS (days) in 9 MM, male cases with Q2W administration by PPMC or SRDC analysis.

Additional �le 9: Figure S2. Cell surface protein expression of CD26 on the human tumor and non-tumor
cells.

Figures

Figure 1

Changes in serum sCD26 levels following YS110 administration by Box and Whisker plot analysis. Each
plot indicated the serum sCD26 titer variation from baseline (day 1pre, 100%) to pre/post of YS110



Page 19/22

administration on days 1, 15 and 29. Analyzed data were strati�ed into (A) total 26 cases, (B) 18 cases
with Q2W administration, (C) 14 male cases with Q2W administration, (D) 8 cases with Q1W
administration, (E) 19 MM cases, (F) 12 MM cases with Q2W administration, (G) 9 MM, male cases with
Q2W administration, (H) 6 RCC cases. Data are shown as mean  S.D. in each group.

Figure 2
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Relationship between serum sCD26 titer variation and tumor volume variation by scatter plot analysis.
The serum sCD26 titer variation from baseline (day 1pre, 100%) on (A) day 1post, (B) day 15pre, (C) day
15post, (D) day 29pre, (E) day 29post of YS110 administration, and tumor volume variation by RECIST
response criteria on day 43 of a total of 25 cases was plotted. Data were separated into SD (gray circle)
and PD (white circle) cohorts. The serum sCD26 titer variation from baseline on day 29pre of YS110
administration, and tumor volume variation by RECIST response criteria on day 43 of (F) 17 cases with
Q2W administration, (G) 14 male cases with Q2W administration, (H) 18 MM cases, (I) 11 MM cases with
Q2W administration, (J) 9 MM, male cases with Q2W administration, (K) 6 RCC cases with Q2W
administration was plotted.

Figure 3

Difference in serum sCD26 titer variation between SD and PD cohorts by bar graph analysis. The
difference of serum sCD26 titer variation from baseline (day 1pre, 100%) on day 1pre, day 15pre and day
29pre of YS110 administration between SD and PD cohorts was analyzed. Analyzed data were strati�ed
into (A) total 23 cases, (B) 17 cases with Q2W administration, (C) 14 male cases with Q2W
administration, (D) 8 cases with Q1W administration, (E) 17 MM cases, (F) 11 MM cases with Q2W
administration, (F) 9 MM, male cases with Q2W administration, (H) 6 RCC cases with Q2W
administration. Data are shown as mean  S.D. in each group.
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Figure 4

Addition of YS110 reduced the soluble CD26 production from CD26-positive tumor and non-tumor cells.
(A, B) MM cell lines (MSTO parent, MSTO-CD26, JMN ctrl-shRNA, JMN CD26-shRNA or H226 cells (3.5 x
104, each)) (A) or non-tumor cells (MCF10A (1.0 x 105), HUVEC (9.0 x 104), MeT-5A (6.0 x 104), TIG-1 (5.0
x 104) or HDMVEC cells (9.0 x 104)) (B) were incubated with control human IgG (hIgG) or the humanized
anti-CD26 mAb YS110 (10 μg/ml, each) for 72 hr. (C) MSTO-CD26 or TIG-1 cells were incubated with the
indicated concentrations of YS110 for 3 days. (D) MSTO-CD26 cells were incubated with the indicated
concentrations of YS110 for 1 day, 3 days or 7 days. Concentrations of soluble CD26 in the culture
supernatants were examined by ELISA. The dashed line indicates the detection limit (0.488 ng/ml), and
ND denotes ‘not detected’ (under detection limit). Representative data of three independent experiments
are shown as mean  S.D. of quadruplicate samples, comparing values with YS110 to those with vehicle
or control human IgG (* p<0.01), and similar results were obtained in each experiment.
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