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Circulating large extracellular vesicles carrying CA9 in the
diagnosis and prognosis of clear-cell renal cell carcinoma

Dear Editor,

The increasing use of highly sensitive whole-body imag-
ing technologies for solid lesions of the kidney poses no
diagnostic difficulty, but, the lack of adequate methods to
detect cancers at early stages exhibits outcomes of unclear
clinical significance. In these instances, biomarkers could
be very helpful for an accurate diagnosis.! Carbonic anhy-
drase 9 (CA9) is up to date found to be the most promising
biomarker for renal cell carcinoma (RCC), especially for
clear-cell RCC (ccRCC). CA9 is a metalloenzyme overex-
pressed in almost all ccRCC following hypoxia (via HIF1)
and inactivation of the VHL gene, but absent in benign
tumors and normal renal tissue.” Immunohistochemistry
of CA9 in preoperative renal biopsy is the major method
routinely performed in pathology laboratory. Beyond these
invasive techniques, the integration of blood-based assays
such as the serum concentration of total (t)-CA9 by ELISA®
in clinical setting is still impractical.

Large extracellular vesicles (IEVs) represent a new
source of noninvasive cancer biomarkers from liquid
biopsies.* They are secreted by almost all cells and involved
in tumor progression.’ It has been reported that the poten-
tial of tumor-derived 1EVs into the bloodstream may be
exploited for diagnosis.® Here, by flow cytometer, we eval-
uate expression levels of CA9 in tumor-associated 1EVs in
plasma from RCC patients and healthy controls.

The study included 77 RCC patients and 16 healthy con-
trols (Figure S1). The characteristics of the individuals of
the study are summarized in Table S1. Among patients
without metastasis at diagnosis, 11 experienced a local or
a metastatic recurrence.

First, we characterized 1EVs following MISEV
guidelines’ (Figures S2A and S2B). Next, to assess the
feasibility of using IEV quantification in clinical situation,
we detected CA9 as circulating 1EV cargo component by
flow cytometry (Figure 1A). We also compared this method
whit ELISA assay (t-CA9). The percentage of IEVs express-
ing CA9 (CA9*-1EVs) and t-CA9 levels (Figures 1A and 1B)

was significantly higher in plasma from RCC patients
compared to those from controls. CA9*-1EVs as well as the
plasma t-CA9 levels in ccRCC patients were significantly
higher than that in healthy controls (Figures 1C and 1D).
Interestingly, changes of expression levels of CA9t-1EVs
in ccRCC patients occurred 1 month after surgical removal
of the tumors, indeed the signal of CA9 obtained by flow
cytometry was reduced postoperatively (Figure S3), sug-
gesting that the circulating CA9*-1EVs could be released
from the primary renal tumors into plasma. Moreover,
in ccRCC CA9*-1EVs correlated with tumor dimension
(Figure 1E) and with ISUP grade I-II versus III-IV
(Table S2).

Conversely, the plasma t-CA9 levels detected by ELISA
did not correlate with the tumor dimension measured at
pathologic examination in ccRCC patients (Figure 1F),
with the ISUP grade or the pathologic stage (Table S3).
In accordance with Liao et al.,8 plasma circulating CA9™*-
IEVs, but not plasma t-CA9 levels, correlated with histo-
logical subtype of RCC, tumor size, and grade.

Besides, a predicative value of quantitative CA9*-IEV
levels (>1.85%) in ccRCC was assessed using an ROC curve
(Table S4) and compared with ELISA assay. The area under
ROC of circulating CA9*-1EVs was 0.70 (95% CI, 0.57-0.84)
and a sensitivity of 68.8% and specificity of 60.9% (Fig-
ure S4A). Based on ROC analysis, 88.6% positive predictive
value of individuals who achieve a higher cutoff 0of 1.85% on
the flow cytometry was accurately diagnosed with ccRCC.
Conversely, 30.7% negative predictive value of individuals
who achieve a cutoff of 1.85% or lower was accurately diag-
nosed as healthy. This threshold value of 1.85% produced
a strong efficiency for predicting outcomes, with Yule’s Q
coefficients of 0.55 and a y2 test < 0.05 (Table S4). In Fig-
ure S4B and Table S4, the results using t-CA9 measured
by ELISA at threshold value of 60.8 pg/ml showed similar
flow cytometry performance. Despite these similar accu-
racy performances, flow cytometry sensitivity was better
than ELISA. Therefore, we believe that application of level
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FIGURE 1 Flow cytometric detection of circulating IEVs by staining for the tumor-associated cell surface markers (CA9) and

concentration of t-CA9 in RCC and ccRCC measured by ELISA. (A) Representative flow cytometer plots for CA9-1EVs from controls and RCC.
RCC exhibited a strong positive staining by antibody anti-CA9, whereas the corresponding control sample showed a weak fluorescence signal.
Mean of the percentage of CA9* 1EVs. (B-D) Plasma t-CA9 concentration expressed in pg/ml in RCC, renal cell carcinoma, and clear-cell
renal cell carcinoma (ccRCC). (C) Summarized data on the percentage of CA9* 1EVs in RCC subgroups, n-ccRCC and ccRCC. The
percentages show the number of positive events for staining of plasma circulating IEVs visualized by plotting CA9 marker (x-axis) versus FS

log properties (y-axis) and gated based on isotype control. (E-F) Spearman correlations were performed between percentage of IEVs

expressing CA9 detected by flow cytometry, plasma concentration of t-CA9 observed by ELISA, and tumor size (cm). Data are shown as mean

values + SEM. *P < 0.05 and **P < 0.01

of CA9-1EVs measured by flow cytometry in the plasma for
cancer diagnosis is promising.

Moreover, a numeration in absolute value of circulat-
ing CA9*-1EVs was also performed by flow cytometry on
patients. The correlation between clinical and pathological
characteristics, the number of CA9*-1EVs detected by flow
cytometry, and t-CA9 concentration measured by ELISA
are reported in Table 1. To further evaluate the prognos-
tic value of CA9*-1EVs, RCC patients were divided into
high- and low-CA9 groups according to the median value
of the numbers of CA9"-1EVs. The median of the numbers
of CA9*-1EVs determined by flow cytometry was 350 (33—
47,328) and the median value of t-CA9 concentration quan-
tified by ELISA was 88 (4-550) pg/ml. Tumor size (P = 0.05)

and tumor recurrence (P = 0.006) were correlated with
high value of CA9*-1EVs.

Kaplan-Meier analysis revealed that RCC patients with
high number of CA9*-1EVs (>350 CA9*-1EVs/ul plasma)
had a worst progression-free survival (PFS) (P = 0.01)
compared to patients with low CA9"-IEV number (<350
CA9-MVs/ul plasma) (log rank test, P < 0.01) (Figure 2A),
whereas high concentration of t-CA9 (>88 pg/ml) mea-
sured by ELISA did not reach significance (P = 0.089)
(Figure 2B). In agreement with the study of Papworth
et al.,” we showed higher plasma t-CA9 concentration in
ccRCC compared to other RCC types, but we did not find a
significant prognostic association between plasma t-CA9
and the PFS of ccRCC patients. Therefore, although the
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FIGURE 2 Progression-free survival of all patients according to the number of circulating CA9*-1EVs and t-CA9 concentration detected
by ELISA. (A) Localized RCC patients with low number of CA9"-1EVs (blue line) revealed a better progression-free survival than those with
high value (green line). (B) No correlation was observed between t-CA9 concentration measured by ELISA and the progression-free survival
in these patients
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TABLE 1 RCC patient and tumor characteristics according to median levels of IEVs carrying CA9 and t-CA9 measured by flow
cytometry and ELISA, respectively
n="76 n=70
CA9- CA9-1EVs >
1EVs < 350 350 P t-CA9 < 88 t-CA9 > 88 P
Gender 1 1
Female 13 1 1 10
Male 27 25 26 23
Median age (Year, SD) 62.8 (12) 63.8 (11) 0.717 62 (13) 65 (11) 0.275
T Stage 0.295 0.455
1 22 14 19 16
2 1 4 4 1
3 15 15 1 15
4 1 2 1 1
Histological subtype 1 0.23
Clear renal cell 33 30 28 29
carcinoma
Others 7 6 37 33
ISUP grade 0.834 0.681
1 3 2 2 3
2 19 14 17 16
3 10 11 10 6
4 6 7 5
Metastasis 0.117 1
0 35 35 33 32
1 4 0 2 1
Median tumor size (cm, SD) 4.95(2.5) 6.26 (3.3) 0.05 5.42(2.9) 5.42 (3) 0.99
Recurrence* 1 11 0.006 3 7 0.139
Note: The median was used to divide the patients into high- and low-CA9 groups.
Abbreviation: SD, standard deviation.
*For patient without metastasis at diagnosis.
prognostic value of CA9 in RCC is still in debate,' thesee ACKNOWLEDGMENTS

results suggested that the detection of CA9*-1EVs in the
peripheral blood might be a potential prognostic marker
in RCC.

In conclusion, we propose that flow cytometry is a fast,
reliable, quantitative, and low-cost analysis for detection
of CA9 carried by circulating renal tumor-derived 1EVs.
Besides, this method displays other relevant advantages,
including lower risk of complication associated to its min-
imal invasiveness, reproducibility, and accuracy. Interest-
ingly, this method can be undertaken with reduced sample
volume and with low consumption of reagent. Based on
these results, the detection of CA9*"-1EVs by flow cytom-
etry may represent an attractive and clinically beneficial
test for cancer screening in the early stage, subtype clas-
sification, and in the search of risk of recurrences. Larger
scale studies could permit to improve the sensitivity, speci-
ficity, and applicability of this detection method in the
future.
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