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Abstract: [ Objective] To investigate the feasibility of basal ATP concentration in CD4 T lymphocytes instead of CD4/
CD8 ratio in assessing the immune status of tuberculosis—infected patients. [Methods] In this study, the CD4 and CD8
cells in the same volume of whole blood were separated by magnetic beads method, and the basal ATP concentration of

CD4 and CDS cells was calculated to evaluate the immune status of tuberculosis—infected patients. Quantiferon Monitor
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(QFM) assay was used as a control.[ Results] Our study confirmed that traditional CD4/CDS8 ratio andCD4 T cell counting

methodswerenot suitable for TB patients. Using the basal ATP concentration of CD4 cells to monitor active tuberculosis pa-

tients and healthy people, when the cut—off value was 290.7x10°g/L, the sensitivity was 86.21%, and the specificity was

76.19%, and the difference was statistically significant (P<0.000 1).[Conclussions] In this study, to the best of our

knowledge, we have for the first time used the basal ATP concentration in CD4" T lymphocytes to evaluate the immune sta-

tus of tuberculosis—infected patients under non—external stimulation conditions. It is suggested that the basal ATP concen-

tration of CD4" T lymphocytes can be better used to evaluate the immune status of tuberculosis patients than CD4/CDS8 ratio.
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The average CD4/CD8 ratio in the healthy group was 1.32+0.50. The average TB group CD4/CDS8 ratio was 1.38+0.71. The difference between the
TB group and the healthy group was not statistically significant (P=0.928 4; Fig.1A). A FACS dot plot analysis of a TB patient and a healthy person is
shown in Fig.1B.
B1 SRR ST 2R REE 6254 TB £E £ M (CD3') T M H CD4'F1 CDS' T 4K i bk 51
Fig. 1 The proportions of CD4"and CD8’ T cells in whole blood T cells (CD3") harvested from 42 healthy volunteers and
62 TB hospitalized patients analyzed by FCM
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CD4" and CD8" T cells were separated from 125 L of whole blood using 20 000 magnetic beads conjugated to anti—-CD4 and anti-CDS8 in each
tube. Cells in the supernatant were analyzed on the BD AccuriTM C6 instrument. Before separation, the percentages of CD4" and CD8" cells in the T
cell supernatant were approximately 31.9% and 30.9%, respectively (A, D). After Dynabead separation, the percentages of CD4" and CD8" cells in the
supernatant were reduced to 0.4% and 0.1% (B, F). CD4" and CD8" cells were separated completely, with purities of 98.4% and 98.7% (C, F).

B2 ®ERSBEE CD4'F CDS" T MR 4B AR 447
Fig. 2 Flow cytometric analysis of CD4" and CD8" T cells before and after Dynabead separation
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The ATP levels in CD4" and CD8" T cells harvested from 125 pL
of blood collected from 40 healthy volunteers and 62 TB inpatients
were measured. The average ATP levels in CD4" and CD8" T cells har-
vested from healthy people were 349.9 (304.8~479.9) x10°¢/L. and
322.0(246.2~427.3)x10° ¢/L, respectively, both of which were high-
er than those in TB patients (average CD4" and CD8" ATP contents of
322.0[192.0(164.7~255.9)x10° ¢/L and 218.2(151.0~296.5)x107 ¢/
L, respectively ]. Furthermore, statistically significant differences in
the ATP levels in these cell populations were observed between TB pa-
tients and healthy individuals (P<0.001).
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Fig.3 The ATP contents in CD4" and CD8" T cells har-

vested fromhealthyvolunteers and hospitalized TB patients
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Samples from 39 healthy people and 42 TB patients were collect-
ed. In the equal cell number experiment, 100 000 CD4 cells and 100
000 CD8 cells were separated and counted, their ATP levels were mea-
sured. ATP per cell in 2 groups was calculated. In healthy people, the
ATP level per CD4 cell average is (2.62+0.70)x107 g/L. In TB patients,
the ATP level per CD4 cell average is (2.10+0.77)x107 /L. The differ-
ence was statistically significant( P< 0.01). In healthy people, the ATP
level per CDS cell average is (3.16+1.40)x10” ¢/L. In TB patients, the
ATP level per CD8 cell average is (3.05+1.26)x10~ g/L. The difference
was not statistically significant (P> 0.05).
El4 A TBIER AZEEA CD4F0 CDS AFEH) ATP
Fig.4 Comparison of the ATP per CD4 and CDS8 cell in
TB and health individuals
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When the ATP levels of 100000 cells were tested, the ATP levels
in each cell could be calculated. In the healthy volunteers group, the
median number of CD4 T cells in one microliter of blood is 1067
(908~443). In TB patients, the median number of CD4 T cells in one
microliter of blood is 814.5 (612.3~1008) , lower than that in the
healthy volunteers group. The difference was statistically significant (P
< 0.01).In the healthy volunteers group, the median number of CD8 T
cells in one microliter of blood is 921 (760~1 129). In the TB group,
the median number of CD8 T cells in one microliter of blood is 682
(406.5~827.5) , lower than that in the healthy volunteers group. The

difference was statistically significant(P< 0.01).
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Fig.5 Comparison of the CD4 and CD8 T cell numbers
in one microliter of blood in the healthy volunteers and
the TB patients
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The whole blood samples collected from 50 TB inpatients and 50
healthy volunteers were stimulated with PHA for 20 h, and 50 pL of the
supernatant was used to test the concentration of IFN-+y secreted by T
cells. In healthy volunteers, the average concentration of IFN-7y secret-
ed by cells was 1 167.0(664.4~1 374.0)x10™ g/L, which was signifi-
cantly higher than that secreted by TB inpatients 118.0(59.9~367.8)x
10°g/L. The difference of the TFN—y secreted by TB patients and
healthy volunteers was statistically significant (P<0.000 1).
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Fig. 6 Comparison of the amounts of IFN—vy secreted by
TB patients and healthy volunteers after PHA stimulation
for 20 hours
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A : The receiver operating characteristic (ROC) curve was used to evaluate CD4 ATP, CD8 ATP and CD4/CDS8 ratio’ s ability for classifying TB

and Healthy groups. When the cutoff value of CD4" ATP was set at 290.7 ng/mL, the AUROC was 0.871 9; the sensitivity and specificity were 86.21%

and 76.19%, respectively. The Youden index was 0.624 0. When the cutoff value of CD8" ATP was set at 318.1 ng/mL, the AUROC was 0.716 2; the

sensitivity and specificity were 87.93% and 51.28%, respectively. The Youden index was 0.374 9. The CD4/CD8 ratio’s AUROC only reached 0.505 8

and the Youden index was 0.087. B: The receiver operating characteristic (ROC) curve of CD4 and CD8 numbers were used to classify TB and Healthy

groups. The CD4 number AUROC was 0.612 1. The CD8 number AUROC was 0.613 4.
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Fig. 7 Receiver operating characteristic (ROC) curves were used to assess CD4 ATP, CD8 ATP and CD4/CD8
ratio toclassify of TB and healthy groups

%2 CD4F1CD8 THEAMATP IRENZiXE TEMEIT
Table 2 Subject working curve analysis of basal ATP concentration of CD4 and CD8 T cells

Item cut—off(>) Sensitivity/% Specificity/% Youden Index AUROC

CD4 ATP 290.7 ng/mL 86.21 76.19 0.619 0.8719(0.838 1,0.9379)
CD8 ATP 318.1 ng/mL 87.93 51.28 0.554 0.716 2(0.607 2, 0.830 5)
CD4/CD8 1.06 39.49 69.23 0.087 0.505 8(0.382 0,0.629 6)
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