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Abstract

e AIM. To investigate the correlation between the
expression of serum lipocalin 2 (LCN2), chemokine like
receptor 1 (CMKLR1), and C-C motif chemokine ligand 11
(CCL11) and the severity of disease in patients with type 2
diabetes mellitus (T2DM) and dry eye (DE).

* METHODS:: A prospective selection of 97 patients (194
eyes) diagnosed with T2DM and DE at our hospital from
May 2022 to May 2024 was made as the DE group, which
was further divided into mild (47 cases, 94 eyes),
moderate (34 cases, 68 eyes), and severe (16 cases, 32
eyes) subgroups based on the severity of dry eye.
Additionally, 97 patients (194 eyes) of T2DM without DE
were selected as non - DE group, and 97 healthy
volunteers ( 194 eyes ) who underwent physical
examination during the same period were chosen as
control group. Serum levels of LCN2, CMKLR1, and CCL11
were measured in all participants. Spearman correlation
analysis was used to assess the relationship between
serum levels of LCN2, CMKLR1, and CCL11 and the
severity of DE in T2DM patients; multivariate Logistic
analysis was used to analyze the factors affecting the
severity of T2DM patients with DE. The receiver operating
characteristic (ROC) curve was drawn to analyze the
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diagnostic value of serum LCN2, CMKLR1 and CCL11
levels for moderate to severe dry eye in T2DM patients.

¢ RESULTS: Serum levels of LCN2, CMKLR1, and CCL11
increased progressively from the control group to the
non-DE group and then to the DE group (all P<0.05).
Within the DE group, these levels also increased
progressively from the mild to moderate and then to the
severe subgroups (all P<0.05). Spearman correlation
analysis showed that serum levels of LCN2, CMKLR1, and
CCL11 were positively correlated with the severity of
disease (r,=0.604, 0.591, 0.559, respectively; all P<0.05).
Stepwise forward multivariate Logistic analysis showed
that Schirmer’s test (S | t), tear break-up time (BUT),
serum levels of LCN2, CMKLR1 and CCL11 were the
factors affecting the severity of T2DM patients with DE;
ROC curve analysis indicated that the combined diagnosis
of serum LCN2, CMKLR1, and CCL11 for the progression
of T2DM with DE to moderate-to-severe stages had an
area under curve ( AUC) value of 0.896, which was
significantly higher than that of individual diagnoses of
LCN2, CMKLR1, and CCL11 (Z=2.925, 2.704, 3.483,
respectively; P=0.003, 0.007, <0.001).

¢ CONCLUSION: Serum LCN2, CMKLR1 and CCL11 levels
are increased in T2DM patients with DE, and are
positively correlated with the severity of DE. The
combination of the three has a high diagnostic value for
moderate to severe DE.
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(LCN2); chemokine - like receptor 1 (CMKLR1); C-C
motif chemokine ligand 11 (CCL11); severity of disease;
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13 - P 31 7¢Fﬂ?% 7%35’51011% ﬂ%ﬂfﬂuﬁ%é{ 7BUT ) STt %ﬂ%@rﬁ i AR
(B2 M) (xxs, %) (X£S, mmol/L) (X£S,%) (x£S,s) (XS, mm/5min) (X£S, um) (X£S, mmHg)
THRZH 97 50/47 65.15+7.42  11.25+1.88 8.32+1.24 5.50+1.85 5.52+1.29  529.06+22.46 15.44+2.80
TR 97 49/48 64.57£7.29  9.62+1.60" 7.12+1.03" 18.96+5.31° 16.26+3.68"  533.21+24.19 16.16+£2.97
pOpicE) 97 49/48 64.28+6.57 5.86+0.95"°  5.11x0.64"° 32.95+10.16™° 18.52+4.11"° 528.35%£23.49 15.76+2.64
F 0.027 0.350 319.062 254.491 406.574 437.585 1.222 1.603
P 0.986 0.705 <0.001 <0.001 <0.001 <0.001 0.296 0.203
131 - TZPM e . D . =Bt H %%EHB%EIHEEI@? Tfﬁ%fﬁﬂ'ﬁﬁélﬁﬂlﬁlﬁ? . i e . #P ik
(x%S8,a) (X%S,mmol/L) (X£S mmol/L) (X=%S,mmol/L) (%xS,mmol/L)  (X£S mmHg) (X£S, mmHg)
TR 97  7.10+2.29 4.99+0.88 1.84+0.46 1.02+0.22 2.71+£0.36 123.37+9.04  87.85+7.96
AR R 97  5.59+2.06  4.86+0.86 1.76+0.44 1.09+0.24 2.60+0.35 121.06+8.84 82.26+7.06"
papiicEi:| 97 - 4.72+0.76 1.29+0.31*¢ 1.24+0.26"¢ 2.58+0.33 113.92+£5.93*°75.62+3.85"°
t/F 4.828 2.537 51.257 21.177 3.950 36.212 85.202
P <0.01 0.081 <0.001 <0.001 0.020 <0.001 <0.001
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P <0.001 <0.001 <0.001
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CCL11 FiXAF B AIF ™ FEE T IR & M E
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RN (P<0.001) , SEEREAHAR L, A R AR B 2 A8 A
7 LCN2 F1 CMKLR1 J2 CCL11 Fik/K 21, 2% 344
GiitEE L (P<0.05) 5 5 W B4l AH L, B R 4] AR 3 i i
LCN2 F1 CMKLR1 & CCL11 357K 310, 22 344 4
P L (P<0.05) , WL$ 4,

2.5 1% LCN2 #1 CMKLR1 % CCL11 K E5fFIE~ERE
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(r,=0.604.0.591.0.559,%] P<0.05) ,
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HATBE A MR Z P Logistic 434, 31 5% FH % 42 725 & W
KR, WrEE R FE S 11 BUT &I LCN2 F1 CMKLR1
K CCL11 /K251 T2DM £ DE £ 35 1 ™ & 52 10
HZ (¥ P<0.05) , 1L 5,

2.7 1% LCN2 #1 CMKLR1 % CCL11 7k 3t DE fz 1512
EWiSE M ESH UL T2DM B &1k % DE &R N
RN NAR R (& =1,7=0), LA LCN2 #il CMKLR1
K CCL11 KPR 56G AR B2 ] ROC M4k, 45538, 1M
i LCN2 K2 W T2DM (511 DE 5 155 2F g o v o 52 il
28T T X (area under the curve, AUC) {H >~ 0.780, I ¥
CMKLR1 /K32 Wt AUC {54 0.791, 1fiL3E CCL11 /K2 Wi
AUC B0 0.752, —H A2 AUC {H2F 0.896, ik & K
F LCN2(Z=2.925,P=0.003) ,CMKLR1 (Z=2.704,P =
0.007) Fl CCL11( Z=3.483,P<0.001) P27 | W3 6 Fil
K1,

=== CN2
== CMKLR1
0.24 - CCL11
— A 1 7
5% 1%
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1% 3] A ey (77 A X (A RN 4 BUT STt R RN
A5 ‘ _ _ - _ _ . _
(IRBO (B2, B (xxs, %) (x£s,mmol/L)  (X£S,%) (xx8,s) (XES, mm/S5min) (X£S,um) (X*S, mmHg)
WRIEH  47(94)  23/24  64.56x7.34 11.03£1.86  7.66£1.12  7.76x2.01 7.22+1.57  531.80+22.80 15.10+2.72
HREEZH 34(68)  18/16  65.54+7.46 11.34x1.92  8.67+1.26°  3.79+1.04° 4.26+0.92*  527.16£22.34 15.67+2.81
HEH  16(32) 97 66.04+7.45 11.72£1.94  9.5521.21%¢ 2.51£0.78"C  3.22+0.72%° 525.04£22.01 15.95+2.86
F 0.296 0.312 0.848 17.383 98.318 86.517 0.724 0.740
P 0.862 0.732 0.432 <0.001 <0.001 <0.001 0.487 0.480
a5 W?y TZPM it ] Sl L i = EEH %‘%?QHEEHHE@% 1&%@5%&15&@% ] &N i ik
(MR%0) (xxS,a) (XES,mmol/L) (X£S , mmol/L) (XES,mmol/L) (xxs,mmol/L)  (X£S,mmHg) (X*S,mmHg)
IR 47(94) 6.86x2.15  4.96+0.86 1.82+0.46 1.06+0.23 2.65+0.34 122.26+8.95 86.94+7.86
HEEZH 34(68) 7.18+2.32  5.00+0.88 1.85+0.46 1.01£0.22 2.73+0.38 124.04£9.06  88.59+8.02
HIFH  16(32) 7.6222.43  5.06+0.94 1.88+0.44 0.95+0.20 2.82+0.39 125.2329.10  88.93+7.71
F 0.756 0.080 0.114 1.575 1.425 0.791 0.612
P 0.472 0.923 0.892 0.212 0.246 0.456 0.545
T P<0.05 vs TRE 4 ;°P<0.05 vs PEH
Fx4 AEEEERETFREZME LCN2 #1 CMKLR1 & CCL11 FRikKELLE xxs
205 %L LCN2(ng/L) CMKLR1( pg/L) CCL11(ng/L)
BREEAH 47 6.30£1.32 46.38+9.84 36.42+8.41
hEEZH 34 7.84+1.61° 62.42+14.81° 48.33+10.75"
i | 16 9.26+1.96" 78.61+16.65"° 59.12+13.28"¢
F 24.899 40.807 33.800
P <0.001 <0.001 <0.001
7. *P<0.05 vs T4 ;°P<0.05 vs PELH
%5 %MEAZE Logistic 5 #7%M T2DM 4+ DE &R ETEERENES
H&R B SE Wald X OR 95%CI P
STt -0.757 0.275 7.581 0.469 0.274-0.804 0.006
BUT -0.839 0.281 8.922 0.432 0.249-0.749 0.003
LCN2 0.615 0.202 9.259 1.849 1.244-2.747 0.002
CMKLR1 0.725 0.214 11.466 2.064 1.357-3.140 0.001
CCL11 0.479 0.184 6.786 1.615 1.126-2.316 0.009
%6 Ii& LCN2 #1 CMKLR1 & CCL11 kF 3t DE fR15 2 EHIS M M E S
A BT {E AUC HURE (%) TS (%) 95%CI AR
LCN2 7.252 pe/L 0.780 78.40 72.20 0.715-0.846 0.506
CMKLR1 58.605 pg/L 0.791 80.40 62.90 0.728-0.854 0.433
CCL11 43.498 ng/L 0.752 73.20 69.10 0.684-0.819 0.423
AW - 0.896 72.20 91.80 0.852-0.940 0.640
31tie TR I AE P A e AT SN B T B, THR A M A /b o B

T2DM K Hi AL 52 2%, 5 Bt £% F R 55 25 £ 16 A
F P IT AR O PR R R R AR R R R KRN E
EINT T2DM B KU BEAh T2DM B I BEA A
YT RETE & 2P R AE 0 LA B 28 R R T s
25 55 v R S 200 BB 40 WL o e S S AL 2R P
B SRR B T R R T R B L K 2 o B R B
WG A 1 Horh DE J2 T2DM 8B F IR 3R & IE =~
— B T IH R A R = A R S BRSNS, K AR
DE 83 th 3 B4 A0 T B A AU 34 £ 22 F 30k
B, PR R R A TR R WS R B, T2DM A TR

816

i, 25 DE LA {HIf PR ¥ B = 12 WF T2DM £ % DE
B ML T FR A, 25 T2DM ££ % DE B9 2ik T
PRIXE , B PR AT 7R T2DM 1 DE F8 3500 1% ™ 5 2 A OC
I AR AR S W, LAVEAR B 1% , i DE 1IR Y7 $ 4t
R HE, A B 5T R 5% T2DM £ DE 3% 1l ¥ LCN2 A
CMKLR1 [ CCL11 FRikKF-A8 4L, IF 7 i =3 5 fE ™
R ARG, ANEBAT — & I ATETPE , X T T2DM
& DE &4 WIS PEAL SOay7 YA — 2 iIG IR E.,
ARG XA AE TR TR R BE 4
FIEE 4 T U R I LON2 KPR vk T, I LCN2
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EBMRR T, HHZGR/KEF DE J% A2 AR 7E — 5
KFR, LCN2 E—FhorF @200 25 kDa Y 201 N 3% N
AR TIREEEABEHER A, A%z ik B2
W RS 107 B 45 SR AE /NAr F I . Gupta 217 BT
UET, P (5 28 I 7 4B P A LCN2 5 3R 0A, AT 45 5 A
Wi AF DG B T, A RRRR 4 P, P48 v, IR 000G 8 E R,
G| % I T PEAE WA SC M B BEAS P, Parmar 25 fF 5
R BRITRR S S AR DO I 2R A 1 TR i R S P BRE A 2 /)N
R LCN2 /KR 48 3 R e ik T, 55 /0N e Jo 440 a7 A A+
K, IRl LON2 55 AR B8 3R 1 Bz 4 B e 4A0 Ak il Jf 41
FINERE 1 A L ALl 2 2 ik, I 40 i A AR
ORI A B AE T, 2 5 A W R 3% A 2 2E A7 0 B2 . Zhang
2800 o SR T/ BB T2DM WL R JE 2 % LON2 K (i
FTHE LON2 2/ D JPE T2DM H 3 & A 10 I s 725 1Y)
T R -, 5 A 5 30 4 45 AL, HR R AT BB & T2DM
BE R AR ERAE 5 DE 1Y & A A7 AE AH 5] 55 BEAL ]
AWFSEH T2DM £ DE #3# LON2 ik, i AL T
AEZ R 2218 LON2, E 45 & A WA SR B K B2 &
Wy, I 20 A A VERE T O SRR AR AR, S B RN Y
BN, 51 R GIET & FEL DE KB HEE,

AR 3R AE TR TR e g
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